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(57) L 1nvention concerne un dispositif a joint labyrinthe
a enclenchement constitu¢ de deux parties. Ce dispositif
est destine¢ a former un joint entre un réceptacle et un
arbre compose de deux €lements annulaires (12, 14), que
’on relie 1'un a I"autre en déformant vers 1’extérieur la
partie de raccordement (94) de 1’¢lément annulaire place
de maniere radiale a I"'intérieur dudit réceptacle (14). Cet
¢lément annulaire est pourvu de plusieurs bagues
d’¢tancheite (54, 56, 58), qui permettent de projeter le
fluide hors du dispositif a joint pour 1’orienter vers ledit
receptacle. Ce systeme peut Etre assemble avec
precision, les ¢€lements annulaires ¢tant disposes a
proximite ['un de "autre. Ce systeme presente en outre
des capacites ameliorees de rétention du pétrole et
d’¢tancheite.
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(57) A two-piece mterlocked labyrinth seal device for
providing a seal between a housing and a shaft formed of
two ring members (12, 14) connected to each other by
outwardly deforming a connecting portion (94) of the
radially inwardly positioned member (14). The inwardly
positioned member further includes a plurality of
slingers (54, 56, 58) to assist 1n slinging fluid out of the
seal device and back 1nto the housing. The system can be
accurately assembled, with the ring members located
very close to each other. The system has improved o1l
retention and water exclusion properties.
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A two—piece interlocked labyrinth seal device for providing a seal between
a housing and a shaft formed of two ring members (12, 14) connected to each
other by outwardly deforming a connecting portion (94) of the radially inwardly
positioned member (14). The inwardly positioned member further includes a
plurality of slingers (54, 56, 58) to assist in slinging fluid out of the seal device 78
and back into the housing. The system can be accurately assembled, with the
ring members located very close to each other. The system has improved oil
retention and water exclusion propetrties. 14
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SEAL DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a device for providing a
seal between a shaft and a housing. In particular, the present
invention relates to a dynamic, non~¢ontact labyrinth seal
device for preventing lubricant from leaking out of a housing
and/or- for preventing contaminants from traveling into the
housing. The present invention also relates to a labyrinth seal
device capable of functioning in high temperature environments.
The present invention also relates to a method of assembling a
sealed system.

Prior art devices for sealing a rotating shaft are disclosed
in U.S. Patents Nos. 4,022,479 (Orlowski) and 5,024,451
(Borowski). Seal devices of this type may be used to prevent
lubricant from escaping out of a bearing housing and/or to
prevent contaminants from working their wéy into the housing.
The prior art devices are formed of at least two ring-shaped
members that rotate with respect to each'other when the shaft 1is
rotated. One of the members is fixed to the housing and does
not rotate. The other member rotates with the rotating shaft.

The two ring members should be located very close together,
particularly when the seal device is used to isolate the bearing
from small particulate contaminants. Even small quantities of
such contaminants are capable of significantly deteriorating the
bearing. To prevent such contamination, the two relatively
rotatable ring members must be held together very closely, with
only a very narrow space therebetween.

The ring members of the Orlowski seal device are connected
together by a separate securing means, not shown in the prior

art patent. The ring members themselves have no means for

- urerve..
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establlshlng and maintaining a narrow spacing therebetween.
Therefore, the prior art seal device cannot be manufactured as a
unit with a preset, fixed spacing. The spacing between the ring
members has to be set when the seal device is installed into the
housing. This leaves room for human error outside the control
of the'device manufacturer. In particular, the Orlowskl device
can be improperly installed, with the ring members located too
far apart to perform satisfactorily. Another problem with the
Orlowski device is that the ring members may be separated
subsequent to installation, for example by high pressure
cleaning spray. '

The ring members of the Borowski device are held together by
a bead and a groove provided on the ring members themselves.

The bead fits within the groove with an interference fit. This
arrangement is an improvement over the Orlowski system in the
sense that no separate securing means is needed. But the
Borowski device is still unsatisfactory because the bead must be
resiliently deformed to be positioned within the groove, and the
groove must be correspondingly enlarged to receive the deformed
bead. The deformation of the bead during assembly makes 1t
difficult to achieve the desired close positioning between the
two ring members, as explained in more detail below. Further,
the Borowski device, which incorporates three members, 1s
unsatisfactory for having a greater number of potential leakage
paths than seal devices utilizing only two members.

Prior art devices do not disclose labyrinth seals which are
capable of operating in high temperature environments, such as
during fires. Conventional seal devices composed of TEFLON® or
other similar material, when exposed to high temperatures, may
warp, deform or melt, causing a failure in the device to

dynamically seal.
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SUMMARY OF THE INVENTION

The disadvantages of the prior art are alleviated to a great
extent by the present invention which provides a seal device
including a rotor and a stator having connecting portions, with
the connecting portion of the rotor being located radially
inside of the connecting portion of the stator.

In a preferred embodiment of the present invention, the

connecting portion of the rotor is deformed to be connected to

the connecting portion of the stator.

In one aspect of the present invention, the stator and the
rotor are formed of metal. In another aspect of the invention,
t+he stator and rotor form a dynamic seal made of a combination
of metallic and non-metallic materials.

In another preferred embodiment, the rotor includes a
plurality of slingers, facing outwardly for assisting 1in
transmitting oil or other lubricant back into the housing of the
machine utilizing the dynamic seal.

An object of the invention is to provide a two-piece
interlocked non-contact labyrinth seal. Forming the seal of
only two pieces is advantageous. A LWO piece seal may have
fewer leakage paths than a three piece seal. Moreover, a two
piece seal may be more economical to manufacture and more
reliable.

Another object of the present invention is to provide a seal
device that can be accurately assembled, with very little play.

Another object of the present invention is to provide a seal
device which can retain its dynamic sealing characteristics even
during extremely high temperatures, such as those temperatures
experienced 1in a fire. 

Another object of the invention is .to provide a high

performance seal device that can be produced economically.




10

15

20

25

30

CA 02302163 2000-02-29

WO 99/11952 PCT/US98/18182

Another object of the present invention is to provide an
improved method of assembling a seal device. |

Yet another object of the invention is to provide a seal
device that is especially well adapted for use in a grease
environment.

Other objects and advantages of the present invention will
become apparent from the following description and drawings

which illustrate preferred embodiments of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front elevational view of a seal device
constructed in accordance with the present invention.

FIG. 2 is a partial cross sectional side view of the seal
device of FIG. 1, taken along line 2-2 of FIG. 1.

FIG. 3 is a partial cross sectional side view like FIG. Z,
but showing the seal device employed within a sealed system.

FIGS. 4(a) - 4(c) are schematic views showing a method for
deforming the connecting portion of the rotor for the seal
device of FIG. 1.

FIG. 5 is a rear elevational view of the seal device of FIG.
FIG. 6 is a bottom view of the seal device of FIG. 1.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like reference
numerals indicate like elements, there is shown in FIGS. 1-3 a
ring-shaped seal device 10 constructed 1n accordance with a
preferred embodiment of the present invention. The seal device
10 includes a stator member (or stator) 12 and a rotor member

(or rotor) 14, seen best in FIG. 2. The rotor 14 has an inner

wall 15 which faces a rotating shaft 22 (FIG. 3). An O-ring 16
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is provided between the stator 12 and a housing 18, and an

O-ring 20 is provided between the rotor 14 and the shaft 22.
The ring-shaped stator and rotor 12, 14 may'be made of a

suitable high temperature material. 1In a preferred embodiment

of the invention, the stator and rotor 12, 14 may be made oI a

metallic substance, most preferably bronze. Alternatively, the
stator and rotor 12, 14 may be formed of a composite material,
stainless steel, carbide, ceramics,'or other material capable of
withstanding high temperatures. The O-rings 16, 20 may be made
of a suitable elastomeric material.

The stator O-ring 16 provides a tight seal between the
stator 12 and the housing 18. Moreover, the radial compression
of the O-ring 16 between the stator 12 and the housing 18 is
sufficient to prevent the stator 12 from rotating with respect
to the housing 18. The rotor O-ring 20 provides a tight seal
between the rotor 14 and the shaft 22, and the compression of
the O-ring 20 between the rotor 14 and the shaft 22 is
sufficient to make the rotor 14 rotate in unison with the shaft
22.

Although it is preferred to provide the seal device 10 with
the O-rings 16, 20, the seal device 10 may be machined to close
tolerances and press fit around the shaft 22 within the housing
18. If the stator 12 and rotor 14 are made of a resilient
material, such as TEFLON®, and used in an application providing
a relatively constant temperature regime, the seal device 10 can
be machined to size and press fit, by arbor press or by
hammering the device 10 into place.

In operation, the stator O-ring 16 prevents oill from

escaping out of the housing 18 around the outside of the stator
12, and the rotor O-ring 20 prevents contaminants from traveling

into the housing 18 along the surface of the shaft 22. O0il and

contaminants are dynamically prevented from traveling through
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the interfaCe between the two ring-shaped members 12, 14 as
explained in more detail below.

Since the stator 12 does not rotate with respect to the
housing 18, the stator O-ring 16 is not subjected to friction.
Therefore, the stator O-ring 16 has a long useful 1life.
Similarly, since the rotor 14 does not rotate with respect to
the shaft 22, the rotor O-ring 20 1is not subjected to friction
and has a long useful life. .

The stator O-ring 16 is located within an annular recess‘24.
As illustrated in FIG. 3, the recess 24 may have a rectangular
cross section. The rotor O-ring 20 is also located within a
rectangular cross sectioned annular recess 26. The purpose of
the recesses 24, 26 is to ensure that the O-rings 16, 20 are
located in their proper positions when the seal device 10 1s
installed within the housing 18 to provide a seal around the
shaft 22.

Referring to FIG. 2, the rotor 14 has an end portion 78
having an outwardly directed face 79 and an inwardly directed
face 82, and a series of alternating annular ridges 54, 56, 58
and annular grooves 60, 62, 64. The grooves 60, 62, 64 are
located between the end portion 78 and the ridges 54, 56, 58.
Between groove 64 and ridge 56 is a slanted face 70, between
groove 62 and ridge 54 is a slanted face 68 and between groove
60 and end portion 78 is a slanted face 66.

The stator 12 further includes a drain pan 76 and an end
portion 80 having an outwardly directed face 84. A gap 83 1is

positioned between faces 82 and 84 of the rotor 14 and stator
12.

In operation, lubricating oil found within the housing 18
may seep through the gap 83 between the faces 82 and 84. Any
0il which travels into the grooves 60, 62, 64 will accumulate on
the slanted faces 66, 68, 70. The slanted faces 66, 68, 70

will, in conjunction with the centrifugal force caused by the




10

15

20

23

30

CA 02302163 2000-02-29

WO 99/11952 PCT/US98/18182

rotation of rotor 14, cause the oil to be slung radially
outwardly to the interior surface of the stator 12, where the
0il will drain by gravity to the drain pan 76. The oil can then
drain by gravity out of the seal device 10 through the gap 83.
Thus, the stator 12 and the rotating shaft 22 work together
dynamically to prevent the escape of oil through the seal device
10 into the housing 18.

The stator 12 has an inwardly directed shoulder face 40 for
contacting an outer wall 42 of the housing 18 (FIG. 3). The
shoulder face 40 is used during assembly to properly locate the
stator 12 with respect to the housing 18. That is, the stator
12 may be simply pushed 1into the.hOusing 18 until the shoulder
face 40 abuts against the housing wall 42. The shoulder face 40
prevents the stator 12 from moving too far into the housing 18.
The shoulder face 40 may be omitted in an alternative embodiment
of the invention. Space limitations may prevent the use of the
shoulder face 40. '

The rotor 14 has an outwardly directed face 72 (FIG. 2) on
ridge 58. The stator 12 has an inwardly directed face 74 which

is spaced from face 72 by a gap 73. The rotor 14 further has a
connecting portion 94, which may be a flange. The connecting
portion 94 is deformable. Prior to assembly of the rotor 14
with the stator 12, the connecting portion 94 1is 1n an
undeformed state and extends in a direction parallel to the
shaft 22.

The stator 12 also has a ring-shaped cover 44. The cover 44
extends axially outwardly'from.the shoulder face 40. The cover
44 has a side face 45 and an outwardly directed’end face 46 that
is coplanar with an outwardly directed end face 95 of the rotor
14 (FIG. 4). The end face 46 further has an annular notch 98.

A space 92 exists between connecting portion 94 of rotor 14 and
notch 98 of stator 1l2.
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The cover 44 has a radial slot-shaped opening 50 (FIG. 6).
The opening 50 is located on the side face 45 at the bottom of
the seal device 10. The cover opening 50 is used to direct
contaminants out of the seal device 10, as described 1in more
detail below.

In operation, contaminants that find their way into the
space 92 between the annular notch 98 of the cover 44 and the
connecting portion 94 of the rotor 14 are forced by centrifugal
force from the rotation of the rotor 14 about the shaft 22 onto
an inner wall 96 of the stator 12. The contaminants then move
by gravity though the slotéshaped opening 50.

In another preferred embodiment of the present invention, a
slinger, such as an O-ring 86, may be placed within an inner
radial passage 97 of the stator 12. The slinger 86 may be felt,
Teflon, a spring, or the like. The slinger mount 88 on the
rotor 14 is used for seating the slingef 86. The slinger 86 may
have a smaller diameter than the diameter of the rotor 14 at the
mount 88, and thus during assembly (to be described further
below), the slinger 86 is rolled up the inclined face 90 to seat
on the mount 88.

As noted above, the stator 12 and the rotor 14 are
interconnected together by the connecting portions 94, 98, with
a space 92 therebetween. It is advantageous to minimize the
space 92 between connecting portions 94, 98. 1In particular, the
total space 92 between the connecting portions 94, 98 should be
as small as possible without being equal to zero. When the
space 92 is very small, there is very little room for
contaminants to move in a radial direction through the space 73
between the outwardly directed face 72 of the rotor 14 and the
inwardly directed face 74 of the stator 12. The rotor 14 should
fit within the stator 12 with just enough play to ensure that
there is substantially no friction between the relatively

rotating members 12, 14.
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The preferred width of the space 92 is in the range of about
0.001 to about 0.02 inches, with a most preferred length in the
range of about 0.001 to about 0.004 inches. The width of the

space 92 controls the width of space 73 and gap 83.

5 Alternatively, small spacers (not shown) may be formed on one or
both of the faces 72, 74 in order to provide a proper gap width
for spaces 73, 92 and gap 83. The spacers would wear off
rapidly due to the frictional forces directed upon them by the
rotation of the rotor 14 relative to the stator 12.

10 The width of the space 92 is determined, 1n some respects,
by the applications 1n which the seal may be used. For example,
in applications where the contaminants are predominantly dust
particles, or where high pressure spraying of fluids occurs, a
smaller space 92 is desirable. In other applications, such as

15 where the shaft rotates slightly off-axis and wobbles, a greater

space 92 is desirable.

As noted above, it is preferred that the'rotor 14 and the
étator 12 be formed of high temperature materials, such as
bronze. A seal device with a rotor and stator formed of high

20 temperature materials 1s able tb retain its dynamic sealing
capabilities even during high temperature operations, such as
during a fire.

To assemble the seal device 10, the stator 12 (including the
cover 44) is placed radially outward of the rotor 1l4.

25 Optionally, the O-ring slinger 86 may be placed within the inner
passage 97 of the stator 12 prior to placing the stator 12
outward of the rotor 14. When placing the stator 12 in proper
position, the O-ring slinger 86 is pushed up the inclined face
90 (the slinger 86 is pushed by the stator 12) to seat on the

30 mount 88 of the rotor 14. Further, the O~ring 16 is positioned
within recess 24. '

With reference to FIG. 4, next will be described the forming

operation. For a seal device 10 which includes the rotor 14
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made of a plastically deformable material, the rotor 14 and the
stator 12‘are then placed on a shaping tool 100. The tool 100
has an L-shaped cross section and includes a minor diameter 102
and a major diameter 104, with a radius 106 therebetween. The
minor diameter 102 is placed inward of the inner wall 15 of the
rotor 14 (FIG. 1) against the face 95. As the tool 100 is moved
such that the minor diameter 102 extends further down the wall
15 of the rotor 14, the connecting portion 94 begins to be
deformed by the force directed upon it at the radius 106. The
tool 100 is then pushed in with an arbor press to deform the
connecting portion 94 to the required amount of deformation.
Some materials may form better if preheated prior to the forming

operation. For example, for a rotor 14 made of brass, heating
the brass to a temperature of about 1200 to about 1400 °F will

prevent cracking from occurring.

Alternatively, the connecting portion 94 of the rotor 14 may
be subjected to a roller lathe (not shown) 1in order to deform
the portion 94 such that the outer face 95 becomes coplanar with
outwardly directed end face 46 of the stator 12.

The O-ring 20 is then placed within the recess 26, prior to
the seal device 10 being positioned around the shaft 22.

Finally, the seal device 10 is adjusted to properly seat the
seal device 10 against the shaft 22 and the housing 18.

For assembly of a seal device 10 having a rotor 14 made of a
non-plastically deformable material, another suitable assembiy
process may be used.

The above description is intended to be illustrative of
preferred embodiments which can achieve the objects, features
and advantages of the present invention. It 1s not intended
that the present invention be limited thereto. Any
modifications coming within the spirit and scope of the

following claims are to be considered part of the present

invention.
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What is claimed as new and desired to be protected by

IL,etters Patent of the United States 1is:

1. A labyrinth seal device, comprising:
9 a stator having an opening and a connecting portion; and
a rotor having a deformable connecting portion, said rotor
being rotatable with respect to said stator, said connecting
portion of said rotor being located tadially inside of said
connecting portion of said stator, said connecting portions are
10 arranged to be connected to each other by deforming said

deformable connecting portion.

2. The device of claim 1, wherein said rotor includeé a
plurality of rotor slingers.
3. The device of claim 2, further comprising a first O-ring
15 for providing a seal between said stator and a housing, and a

second O-ring for providing a seal between said rotor and a

shaft.

4. The device of claim 3, wherein said rotor further

includes an end portion having an inwardly directed face; and

20 said stator includes a radially inwardly facing drailn pan
and an end portion having an outwardly directed face, a gap
being positioned between said faces;

whereby centrifugal force from rotation of sald rotor causes
fluid located between said rotor and said stator to be slung by

25 said plurality of rotor slingers to said drain pan to drain from
said device through said gap.

5. The device of claim 4, wherein said rotor further
includes an O-ring mount and a slinger O-ring for guiding
contaminants out of said stator opening, said slinger O-ring

30 being positioned on said O-ring mount.
6. The device of claim 5, wherein said rotor further

includes a plurality of slanted faces positioned between said
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plurality of slingers, said slanted faces assisting in guiding
fluid toward said drain pan and through said gap.
7  The device of claim 6, wherein said stator and said
rotor fit together with a total axial play of no more than
5 approximately four-thousandths of an 1inch.
8. The device of claim 7, wherein said rotor and said

- gtator are formed of metal.

9. The device of claim 8, wherein said metal includes
bronze.
10 10. The device of claim 6, wherein said deformable

connecting portion 1is a flange.

11. A sealed system having an interconnected labyrinth seal

device, comprising:
a housing having an opening;
15 a shaft extending through said opening, said shaft being
rotatable relative to said housing;
a stator sealéd to said housing, said stator being
non-rotatable relative to said housing, said stator having an

opening and a connecting portion; and

20 a rotor sealed to said shaft, said rotor being non-rotatable

relative to said shaft, said rotor having a deformed connecting
portion, said connecting portion of said rotor being located
radially inside of said connecting portion of said stator, said
connecting portions being connected to each other.
25 12. The system of claim 11, wherein said rotor includes a

plurality of rotor slingers.

13. The system of claim 12, wherein said connecting portion

of said stator includes an annular notch, and wherein said
connecting portion of said rotor is a flange, said flange being

30 located within sald recess.

14. The system of claim 13, wherein a first O-ring provides

a seal between said stator and said housing and a second O-ring

provides a seal between said rotor and said shaft.
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15. The system of claim 14, wherein said rotor includes an
end portion having an inwardly directed face; and

said stator includes a radially inwardly facing drain pan
and an end portion having an outwardly directed face, a gap

5 being positioned between said faces;

whereby centrifugal force from rotation of said rotor causes
fluid located between said rotor and said stator to be slung by
said plurality of rotor slingers to Said drain pan to drain from
said device through said gap.

10 16. The system of claim 15, wherein said rotor further
includes an O-ring mount and a slinger O-ring for guiding
contaminants out of said stator opening, said slinger O-ring
being positioned on said O-ring mount.

17. The system of claim 16, wherein said rotor further

15 includes a plurality of slanted faces positioned between said
plurality of slingers, said slanted faces assisting in guiding
fluid toward said drain pan and through said gap.

18. The system of claim 17, wherein said rotor and said

stator are formed of metal.

20 19. The system of claim 18, wherein said metal includes
bronze.
20. The system of claim 17, wherein said deformed

connecting portion is a flange.
21. A method of assembling an interconnected labyrinth seal
25 device, said method comprising the steps of:
providing a stator having a connecting portion;
providing a rotor having a deformable connecting portion;
positioning said stator radially outward of said rotor;
deforming said deformable connecting portion to interconnect
30 with said stator connecting portion; and

adjusting the position of said rotor with respect to said

stator.
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22 . The method of claim 21, wherein sald stator and said

rotor fit'together with a total axial play of no more than

approximately four-thousandths orf an inch.
23. The method of claim 22, further comprising the steps of

5 inserting a slinger O-ring within an inner radial passage of
said stator and then positioning said stator such that a portion

of said rotor is radially inward of said slinger O-ring.
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