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57 ABSTRACT
(72) Inventor: Paul Richard Ryan, Carver, MA (US) The rotary face seal with magnet loading replaces known
. . spring mechanisms with magnetic technology that provides
(73) Assignee: Magnetic Seal Corp., Warren, RI (US) a consistent load with minimal variation, which is not
affected by natural frequency and material fatigue due to
(21)  Appl. No.: 15/649,246 cyclic loading. This improves seal performance and service
life. The tubular magnetic ring is advantageous because it
(22) Filed: Jul. 13, 2017 replaces existing seals within stationary cartridge with a
puller type magnetic assembly design that results with the
Related U.S. Application Data stationary cartridges being an exact exchange. The use of
(60) Provisional application No. 62/362,348, filed on Jul. magr.letic tec.hnol.ogy attgche.:d to the outside diameter of the
14. 2016. rotating mating ring, which is attached to the shaft, that does
’ not produce eddy currents because it is of a single pole
Publication Classification configuration. The single pole magnetic assembly design is
achieved by either axial or radial magnet orientation, such as
(51) Imt. CL in the form of a tubular magnetic band locating in a
F16J 15/34 (2006.01) circumferential notch in the rotating mating ring.
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ROTARY FACE SEAL WITH MAGNETIC
PULLER LOADING

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority to earlier
filed U.S. Provisional Application Ser. No. 62/362,348, filed
Jul. 14, 2016 the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates generally to mechanical
rotary face seals. Such mechanical rotary face seals are
typically used to seal media (gas or fluid) between the shaft
and the housing where one is stationary and the other is
rotating. These seals are used in the aerospace industry,
commercial industry, nuclear industry, and other high reli-
ability industries, such as, test equipment and race car
engines and transmissions or the like.

[0003] There are a number of problems and concerns
typically associated with known mechanical rotary face
seals. Standard mechanical rotary face seals use a spring
mechanism for the mechanical load that provides positive
contact against the rotary mating surface that is either a
separate ring attached to shaft, shaft flange or end face, or a
bearing inner race. The spring mechanism’s loading can
have a large variation caused by operating range (stroke)
length, compromised when it’s natural frequency is reached
during operation from shock and vibration, and load reduc-
tion (weakening) due to material fatigue under cyclic load-
ing and temperature extremes.

[0004] There have been a number of attempts in the prior
art to address these common problems.

[0005] For example, U.S. Pat. No. 3,708,177 for Magnetic
Seal for a Rotary Shaft and Magnet Therefor addresses the
well-known eddy current issue but it is unknown if the
design was commercially feasible. U.S. Pat. No. 4,795,168
for a Magnetic Seal Assembly does not address the eddy
current issue because the magnet inserts rotate. U.S. Pat. No.
5,078,411 for Variable Magnetic Rotary Seal does not
address the eddy current issue because the magnet inserts
rotate. U.S. Pat. No. 5,730,447 for Self-Aligning Magnetic
Rotary Seal also does not address the eddy current issue
because the magnet inserts rotate. U.S. Pat. No. 6,805,358
for Magnetic Seal also does not address the eddy current
issue because either the magnet inserts rotate or the mag-
netically attractive member is exposed to continuously
changing north and south poles during rotation.

[0006] FIGS. 1-3 show three prior art rotary face seals in
detail. Referring first to FIG. 1, a rotary magnetic seal 10 is
shown about a shaft 12 where the seal load is controlled by
an air gap 13 with minimum variation. A magnet 22 is
mounted in a non-magnetic housing 20. A seal case 16
rotates with the shaft 12 and is magnetically pulled toward
the magnet 22 to maintain the seal via a face of a seal ring
14 against the magnet 22. Known magnets for this purpose
are so well known in the art, they do not need to be discussed
in detail herein. Also, various elastomers in the form of
O-rings 18 are mounted thereon for shock and vibration, and
to maintain surface flatness.

[0007] Frictional heat dissipation is achieved due to ther-
mal conductivity. However, different seal designs for high
pressure and pressure reversal require customer hardware
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modification. There is installation sensitivity and has a shaft
finish requirement for O-ring drive. The magnet 22 must be
installed into the housing 20 and there must be proper seal
face mating for proper operation. O-ring drive pre-load can
increase the frictional generation at the seal face while a
negative roll of the O-ring 18 can cause seal face separation,
that can also be due to handling, installation, axial shaft
movement, and others. There could also be drive O-ring
deterioration (fluid compatibility). The selection of materials
is restricted due to the use of magnetics. Moreover, there are
uncertain production yield rates for magnets that are used.
[0008] In FIGS. 2 and 3, further prior art rotary face seal
designs 50 and 70 are shown. It includes an anti-rotation
design that uses two (2) tangs 52 on the seal case 56 that
engage slots 54 in the cup 58 which permits fluid movement
in this area. It has a removable “take apart” cartridge design
that facilitates repair, replacement and inspection of internal
parts. It has a solid outside diameter cup option with internal
milled tangs 52 and seal case slots 54. FIG. 2 shows an
embodiment with outward radial tangs 74 on the seal case 56
that engages slots in the cup 58. As a further variation, FIG.
3 shows a solid outer diameter option with internal radial
tangs 76 in the cup 58 that engages slots in the seal case 56.
[0009] High pressure, low pressure and reverse pressure
capability is achieved within the same cartridge by adjusting
the diameters of the seal ring 58. Since it does not employ
magnets, there is unrestricted selection of materials for
construction. However, the slotted OD design is not practical
for all applications with the majority using the internal
milled tangs 52 with slots 54 in the seal case 56. There is
spring load variation due to operating range and the spring
load decreases as the seal ring 58 wears compromising
re-seating. A wave spring 60 resides between the seal case
56 and the cup to spring-bias them apart. Also, the natural
frequency of wave spring 60 is unknown and could cause
loading issues under shock and vibration conditions. More-
over, the rotary mating surface which bears against the seal
ring 58 mating surface 58a is not always part of the seal
design, namely, the bearing inner face, integral with the shaft
(not shown) and the mating ring (not shown) obtained from
multiple suppliers

[0010] These solutions are not enough. In view of the
foregoing, there is a demand for a rotary face seal that
combines the best features of a magnet rotary seal with a
non-magnetic seal to avoid the shortcomings associated with
prior art rotary face seals.

SUMMARY OF THE INVENTION

[0011] The present invention preserves the advantages of
prior art rotary face seals. In addition, it provides new
advantages not found in currently available rotary face seals
and overcomes many disadvantages of such currently avail-
able rotary face seals.

[0012] The invention is generally directed to the novel and
unique rotary face seal that has magnetic loading. The rotary
face seal with magnetic loading of the present invention
replaces the spring mechanism with magnetic technology to
provide a consistent load with minimal variation, which is
not affected by natural frequency and material fatigue due to
cyclic loading. This will improve seal performance and
service life by eliminating the issues that compromise the
effectiveness of the spring mechanism. The magnetic tech-
nology results in a design that uses magnetic technology
attached to the outside diameter of the rotary annular ring
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which is attached to the shaft that does not produce eddy
currents because it is of a single pole design. The single pole
magnetic assembly design is achieved by either axial or
radial magnet orientation. The magnetic pull is preferably
provided by a tubular magnetic band.

[0013] It is therefore an object of the present invention to
provide improved rotary face seal that overcomes the short-
comings associated with the prior art and provides vastly
improved performance compared to such prior art designs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The novel features which are characteristic of the
present invention are set forth in the appended claims.
However, the invention’s preferred embodiments, together
with further objects and attendant advantages, will be best
understood by reference to the following detailed descrip-
tion taken in connection with the accompanying drawings in
which:

[0015] FIG. 1 is cross-sectional view of a known prior art
rotary seal construction that uses magnets;

[0016] FIG. 2 is a cross-sectional view of a known prior
art rotary seal construction that uses wave springs;

[0017] FIG. 3 is a cross-sectional view of a second known
prior art rotary seal construction that uses wave springs;
[0018] FIG. 4 is a cross-sectional view of a first embodi-
ment of the invention;

[0019] FIG. 5 is a close-up view of the air gap between the
seal case and the rotating mating ring;

[0020] FIG. 6 is a is a cross-sectional view of a second
embodiment of the invention with hydrodynamic lift-off
grooves in the seal face of the rotating mating ring;

[0021] FIG. 7 is a close-up view of the air gap between the
seal case and the rotating mating ring of the embodiment of
FIG. 5;

[0022] FIG. 8 is an end view of the seal face of the rotating
mating ring showing the hydrodynamic lift-off grooves;
[0023] FIG. 9 is a front perspective view of the rotating
mating ring with tubular magnet installed therein; and
[0024] FIG. 10 is a cross-sectional view of a further
alternative embodiment of the present invention that further
includes a supplemental pusher spring in the cavity between
the cup and the seal case.

DESCRIPTION OF THE INVENTION

[0025] The rotary face seal of the present invention with
magnet loading replaces the spring mechanism or a magnet
installed in a housing with improved magnetic technology
that provides a more consistent load with minimal variation,
which is not affected by natural frequency and material
fatigue due to cyclic loading. This improves the seal per-
formance and service life by eliminating the issues that
compromise the effectiveness of the spring mechanism. The
present invention as envisioned uses magnetic technology
attached to the outside diameter of the rotary ring which is
attached to the shaft. The single pole magnetic assembly
design is achieved by either axial or radial magnet orienta-
tion. Thus, the tubular and single pole design of the magnet
used in the present invention does not produce eddy currents
due to its configuration and design.

[0026] Referring to FIGS. 4 and 5, which is a close-up
view of the gap between the tubular magnet 130 and seal
case 104, of the rotary face seal 100 of the present invention
is shown to include a basic cartridge rotary face seal that is
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comprised of a cup 102, seal case 104 with inserted seal ring
106 that fits into the cup 102 with an anti-rotation feature
that includes a retaining ring 108 that resides in a groove 110
in the cup 102. The cup 102, in turn, resides in a stationary
housing 120 to complete the cartridge configuration. This
anti-rotation structure prevents the seal case 104 from rota-
tion when the seal ring 106 contacts a rotating mating face
of the mating ring 112 that rotates with shaft 114 due to
being held in place by O-ring 116 in seat 112c¢.

[0027] Any type of configuration may be used for attach-
ing the rotating mating ring 112 to the shaft 114, such as the
use of O-rings, as shown. In addition, there may be a positive
drive with an internal O-ring as secondary seal engagement
the shaft with either radial of axial tangs that engage slots in
the shaft. Or, there may be the reverse engagement with slots
in the mating ring engaging tangs on the shaft. Also, there
may be a positive drive with an internal O-ring as secondary
seal engagement with the shaft with either radial of axial
pins that engage the shaft. Further, there may be a reverse
engagement with pins in the shaft engaging with the mating
ring. Further, there may be a positive drive with an internal
O-ring as secondary seal by using an axial clamping sleeve
or a positive drive without an internal O-ring as secondary
seal by using an axial clamping sleeve.

[0028] Also, an internal O-ring 118 resides in the cup 102
which interfaces with the seal case 104 to provide a sec-
ondary seal while allowing axial movement of the seal case
104 within the cup 102 along the shaft axis 1145. The seal
case 104 is preferably a metal alloy, as is well-known in the
art. Known O-ring designs and materials may be used,
which are known in the art for the purposes indicated herein.
For example, various elastomers may be used, which may or
may not be pre-swollen. An internal retaining ring 108 in the
cup 102 that prevents the seal case 104 from becoming
disengaged from the cup 102.

[0029] The mechanical load in the rotating mating ring
112 rather than in the cartridge (cup 102 and seal case 104).
The rotating mating 112 ring has a seat 112a that receives a
magnetic tubular or annular band 130 on the outside, which
is attached thereto, that pulls the seal face 1064 of the seal
ring 106 and the seal face 1125 of the rotating mating ring
112 together by the magnetic attraction between the magnet
130 and the seal case 104, which is made of a ferro-magnetic
material. As a result, the load is controlled by the non-
magnetic seal ring 106 from the seal case 104 and the air gap
132 therebetween, as best seen in FIG. 5. The magnet 130 is
preferably a tubular band is magnetized either through the
width (axially) so that the magnetic poles are on opposite
ends or through the radial wall so that magnetic poles are on
the outside diameter and the inside diameter. These magnetic
orientations result in magnetic circuits that do not produce
eddy currents. Further, the force, travel and the attraction
profile of the tubular magnet band may be further modified
to suit the application at hand. The seal ring 106 may be any
material suitable for the application at hand, such as carbon
graphite, and the like. Therefore, the rotary face seal of the
present invention eliminates the risks associated with and
overcome the shortcomings of prior art designs.

[0030] Turning now to FIGS. 6-8, a first alternative
embodiment 200 of the present invention of FIG. 4 is shown.
As seen in FIG. 6 and the close-up view of FIG. 7, the
alternative embodiment 200 is similar to the first embodi-
ment 100 except that the rotating mating ring 212 has a
bearing surface 2124, which incorporates lift-off technology
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using hydrodynamic grooves. The grooves 250 can be best
seen in FIG. 8, which is an end view of the bearing face 2124
of the rotating mating ring 212. It should be noted that the
configuration of the grooves 250 is shown by way of
example, and it should be understood that any type, con-
figuration and array of grooves 250 may be used in connec-
tion with the alternative embodiment 200 to provide the
benefits of such hydrodynamic lift-off grooves.
[0031] The alternative embodiment 200 has all of the same
other components as the first embodiment, such as a cup
202, seal case 204, with seal ring 206 where the tubular/
annular magnet 230, which is attached to the rotating mating
ring 212, draws the seal faces of the seal ring 206 and the
rotating mating ring 212 toward each other to maintain the
desired seal. The entire seal assembly 200 receives a shaft
214 to be sealed.
[0032] FIG. 10 shows yet another embodiment of the
present invention that further includes a pusher assembly
340 that resides directly in the cartridge to supplement the
puller magnetic tubular band 330 on the mating ring outside
diameter. The outward pusher assembly may be mechanical,
such as a wave spring or metal bellows, or magnetic in the
form of repelling magnets. If a metal bellows is used for the
pusher assembly, it is preferably attached to the cup and the
seal case to eliminate one of the O-rings as a secondary seal,
the anti-rotation feature between the seal case and the cup
and the internal retaining ring. This outward pusher assem-
bly resides in the cavity 321 between the seal case 304 and
the cup 302. In this alternative embodiment 300, the primary
seal face loading is provided by the attraction between the
seal case 304 and the mating ring 312 with the magnetic
tubular band 330 on the outside diameter, and the supple-
mental pusher assembly 340 in the cartridge provides a low
redundant mechanical load which restores mating of the seal
faces should they become separated under extreme operating
conditions.
[0033] It would be appreciated by those skilled in the art
that various changes and modifications can be made to the
illustrated embodiments without departing from the spirit of
the present invention. All such modifications and changes
are intended to be covered by the appended claims.

What is claimed is:

1. A rotary face seal with magnetic loading which seal-
ingly couples a shaft to a housing, comprising:

a stationary housing having a seat;

a cup, having an inwardly facing groove and a central

bore, residing the housing; a shaft located in the bore;
a seal case residing between the cup and the shaft;
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an O-ring residing in the inwardly facing groove of the
cup to sealingly interface the cup with the seal case
providing a secondary seal and allowing axial move-
ment of the seal case within and relative to the cup;

a retaining ring connecting the cup to the seal case thereby
preventing the seal case from becoming disengaged
from the cup;

a seal ring in communication with the seal case;

a rotating mating ring, having a seal face in communica-
tion with the seal ring; the rotating mating ring rotating
with the shatft;

a magnetic band connected to the rotating mating ring; the
magnetic band and the seal case being magnetically
attracted to and pulled toward each other thereby
providing a mechanical puller load assembly in the
rotating mating ring thereby urging the seal case toward
the rotating mating ring and the seal ring into sealing
communication with the seal face of the rotating mating
ring.

2. The rotary face seal of claim 1, further comprising:

further comprising complementary structures on the seal
case and the cup to prevent rotation of the cup relative
to the seal case when the seal ring contacts a rotating
mating face.

3. The rotary face seal of claim 1, wherein the mechanical

load puller assembly is magnetic.

4. The rotary face seal of claim 1, wherein the mechanical
load puller assembly is a tubular magnetic band residing in
a circumferential notch in the rotating mating ring.

5. The rotary face seal of claim 1, wherein the rotary face
seal is configured and arranged as a self-contained cartridge.

6. The rotary face seal of claim 1, wherein the rotating
mating ring further includes a groove with an O-ring resid-
ing therein with the O-ring in communication with the shaft
to secure the rotating mating ring to the shaft to effectuate
rotation of the rotating mating ring with the shaft.

7. The rotary face seal of claim 1, wherein the seal face
of the rotating mating ring further includes a plurality of
hydrodynamic grooves.

8. The rotary face seal of claim 1, wherein the magnetic
band is single pole magnet.

9. The rotary face seal of claim 1, wherein the magnetic
band is an annular ring.

10. The rotary face seal of claim 1, further comprising:

an outward pusher assembly residing between the cup and
the seal case.



