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RADIAL SHAFT SEAL AND ASSEMBLY THEREWITH

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application Serial No.

61/655,226, filed June 4, 2012, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
1. Technical Field

[0002] This invention relates generally to dynamic oil seals of the type for creating a
fluid tight seal between a rotating shaft and a housing.

2. Related Art

[0003] Dynamic radial shaft oil seals are designed to have a so-called “oil side” of the
seal and an “air side.” These designations pertain to the orientation of the seal when
installed, with the oil side facing the interior of the housing in communication with the oil,
whereas the air side faces outwardly in exposed relation to the air.

[0004] There are at least two different ways in which a radial shaft oil seal can be
installed. An “air side installation” is one in which the seal is first installed into the bore of
the housing and the shaft (or its wear sleeve) is thereafter installed from the air side axially
into the seal assembly (in the direction inward of the housing) to form the annular seal against
the seal. An “oil side installation™ is the other where the housing and shaft are already
present and the seal assembly is slid axially into the housing and simultaneously onto the
shaft (or its wear sleeve), such that the shaft enters the seal assembly from the oil side of the
seal to form the annular seal. Otherwise, "oil-side" installation requires the seal assembly to

be installed into the housing, also referred to as carrier, and then the housing, with seal
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installed therein, is assembled to an engine over the "all ready in place" shaft such that the
shaft passes through the seal from the oil side to form the annular seal.

[0005] During installation, regardless of the type of installation method used, the seal
must be able to withstand the axial load resulting during installation without causing a seal lip
of the seal to reverse fold or otherwise become displaced to a position where the seal lip is
meffective in the fully installed condition. The axial load imparted on the seal lip is largely
due to the friction between the seal body/seal lip and an outer surface of the shaft as the two
are moved axially relative to one another during installation. Accordingly, it is desirable to
minimize the friction generated during installation of the shaft through the seal, however, a
delicate balance needs to be maintained in order to attain the desired seal between the seal lip
and the shaft. Further, it is important to prevent positive or negative pressures on the oil-side
of the seal lip from moving the seal lip out of sealing engagement with the sealing surface,
while at the same time, preventing contamination on the air-side from reaching the oil-side of

the seal.

SUMMARY OF THE INVENTION

[0006] In general terms, this invention provides a radial shaft seal that facilitates
maintaining a proper seal when exposed to positive or negative pressure on an oil side of the
seal assembly when installed and during use. The seal further prevents the ingress of
contamination from an air side to the oil side of the seal.

[0007] In accordance with one presently preferred aspect of the invention, a radial
shaft seal is configured for receipt in a housing and about a shaft to sealingly isolate an air-
side of the shaft seal from an oil-side of the shaft seal. The seal includes an annular mounting
portion and a seal body bonded to the mounting portion. The seal material forms a seal lip

having an annular sealing surface extending between an oil-side end and a free air-side end,
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wherein the sealing surface is configured to extend axially relative to the shaft. An annular
bridge is connected to the oil-side end of the seal lip by a hinge and to a central portion of the
seal body by another hinge. The bridge extends in radially overlying relation to the seal lip.
A primary dust lip extends directly from the air-side end. The primary dust lip has an annular
rib configured for sealed abutment with a running surface of the shaft. The annular rib has at
least one vent. An auxiliary dust lip extends from the central portion of the seal body to a
free end configured for sealed abutment with the running surface of the shaft. The free end of
the auxiliary dust lip has at least one vent spaced circumferentially from the at least one vent
in the annular rib, such that no vents are aligned axially with one another.

[0008] In accordance with another aspect of the invention, a radial shaft seal
assembly is provided. The radial shaft seal assembly includes a shaft extending along a
central axis and providing a running surface. The assembly further includes a radial shaft
seal configured for receipt in a housing and about the shaft to sealingly isolate an air-side of
the radial shaft seal from an oil-side of the radial shaft seal. The radial shaft seal includes an
annular mounting portion and a seal body bonded to the mounting portion. The seal material
forms a seal lip having an annular sealing surface extending between an oil-side end and a
free air-side end, wherein the sealing surface is configured to extend axially relative to the
shaft. An annular bridge is connected to the oil-side end of the seal lip by a hinge and to a
central portion of the seal body by another hinge. The bridge extends in radially overlying
relation to the seal lip. A primary dust lip extends directly from the air-side end. The
primary dust lip has an annular rib configured for sealed abutment with the running surface of
the shaft. The annular rib has at least one vent. An auxiliary dust lip extends from the central
portion of the seal body to a free end configured for sealed abutment with the running surface

of the shaft. The free end of the auxiliary dust lip has at least one vent spaced
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circumferentially from the at least one vent in the annular rib, such that no vents are aligned
axially with one another.

[0009] With the respective vents being spaced circumferentially from one another and
outer of axial alignment with one another, positive and negative pressures are prevented from
being established on the oil-side of the seal lip, while at the same time, contamination is

inhibited from ingress from the air-side to the oil-side of the seal lip.

BRIEF DESCRIPTION OF THE DRAWINGS

[00010] These and other aspects, features and advantages of the invention will become
more readily appreciated when considered in connection with the following detailed
description of presently preferred embodiments and best mode, appended claims and
accompanying drawings, in which:

[00011] Figure 1 is a cross-sectional view of a radial shaft seal constructed according
to one aspect of the invention;

[00012] Figures 2 is a cross-sectional view of the seal of Figure 1 shown disposed in a
housing and on a shaft to form a radial shaft seal assembly in accordance with the invention;
and

Figure 3 is a front view looking from an air-side toward an oil-side showing the relative
locations of vents in a primary auxiliary seal lip and a secondary auxiliary seal lip of the seal

of Figures 1 and 2.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00013] Referring in more detail to the drawings, Figures 1-2 illustrate a radial shaft
seal, referred to hereafter as seal 10, constructed in accordance with one aspect of the
invention, wherein the seal is suitable for use in a crankcase application, by way of example

and without limitation. As shown in Figure 2, the seal 10 is configured to form a radial shaft
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seal assembly 13 for sealing about a rotatable shaft 12 extending through a bore 14 of a
housing 16, such as a crankcase, in which the seal 10 is installed. Otherwise, the seal 10 can
be installed into a carrier housing, whereupon the carrier housing and seal 10 can be attached
to the engine. With reference to Figures 1 and 2, the seal 10 has an oil-side O and an axially
opposite air-side A, in relation to the orientation of the seal 10 when installed, with the oil-
side O facing to the interior of the crankcase 16 and the air-side A facing away from the oil
side O toward the outside environment. The seal 10 includes a mounting portion, such as a
case, also referred to as core or collar 18, preferably provided as a metal annulus or ring
structure, with an elastomeric seal material 20 attached thereto. The seal material 20 forms at
least part of an elastomeric seal body 22 with an axially extending seal lip 24 that exhibits
low dynamic frictional contact with the shaft 12 during use, thereby resulting in a low torque
between the shaft 12 and the seal lip 24, such as between about 0.07-0.35 N*m (Newton
meters), as newly installed, during and upon use. Accordingly, as a result of the minimal
frictional losses exhibited by the seal 10, the losses in efficiency of the engine are kept to a
minimum.

[00014] The annular metal collar 18 may be ring-shaped, or may take on any number
of configurations, such as C-shaped, S-shaped, or, L-shaped as illustrated, by way of
example, depending upon the requirements of a particular application, as is know in the art.
The metal collar 18 is shown covered at least in part with the elastomeric seal material 20 on
a radially outwardly facing surface 26 which may be contoured with undulations 30 to
provide a snug and fluid tight installation in the bore 14 of the crankcase 16. The elastomeric
seal material 20 of the seal body 22 extends around and radially inwardly from an inner
surface 32 of the metal core 18 to provide a central portion 23 of the seal body 22 radially
inward from the metal core 18. The core 18 and seal body 22 are relatively rigid, yet the seal

material 20 is sufficiently resilient to form the seal lip 24.
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[00015] The seal lip 24, when in the relaxed, uninstalled state (Figure 1), extends in a
slightly inclined orientation, such as between about 1-10 degrees from a horizontal central
axis 33 of the seal 10, and has an annular, radially inwardly facing sealing surface 34 and an
opposite, radially outwardly facing backing surface 36 extending between an oil-side end 38
and a free air-side end 39. The sealing surface 34, while in its free state, has a maximum
diameter at the oil-side end 38 that is less than an outer diameter of a running surface 37 of
the shaft 12, and thus, the entire sealing surface 34 is assured of being brought into sealing
engagement with the running surface 37 upon completing installation of the seal 10 about the
shaft 12.

[00016] The sealing surface 34 can be configured having hydrodynamic features 40 in
the form of ribs or a thread, that act to pump oil back to the oil-side O of the seal 10 during
rotation of the shaft 12. Further, a primary dust exclusion lip, referred to hereafter as primary
dust lip 42, extends directly from the air-side end 39 of the seal lip 24 toward the air-side A.
The primary dust lip 42 inhibits the ingress of contamination from the air-side A to the oil-
side O of the seal assembly 10, and further, facilitates maintaining the lubricant on the oil-
side O of the assembly 10. The primary dust lip 42 has an annular rib 43 configured for
sealed abutment with the running surface 37, wherein at least one, and shown in Figure 3 as a
plurality of rib vents 44, referred to hereafter as vents 44, are formed in the rib 43. The vents
44 are depicted as being spaced equidistantly from one another circumferentially about the
rib 43 of the primary dust lip 42, through other configurations are contemplated herein. The
vents 44 are formed as radially outwardly extending notches that extend radially outwardly
into the rib 43 to allow passage of air, however, are minimal in size to inhibit the passage of
contamination.

[00017] The seal 10 further includes an annular auxiliary dust exclusion lip, referred to

hereafter as auxiliary dust lip 46. The auxiliary dust lip 46 extends radially inwardly directly
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from the central portion 23 of the seal body 22, from adjacent the inner surface 32 of the
metal core 18, toward the air-side A sufficiently to establish sealing contact between a free
end 47 of the auxiliary dust lip 46 against the running surface 37 of the shaft 12.
Accordingly, the auxiliary dust lip 46 diverges away from the oil-side O and generally away
from the seal lip 24, thereby assuring that the auxiliary dust lip 46 will not interfere with the
primary dust lip 42 upon installation of the seal 10 on the shaft 12. Further, an oil-side
assembly is made easy given the auxiliary dust lip 46 extends toward the air-side A. As with
the primary dust lip 42, the auxiliary dust lip 46 has at least one, and represented in Figure 3
as a plurality of lip vents 48, referred to hereafter as vents 48, extending radially into the free
end 47. The vents 48 are depicted as being spaced equidistantly from one another
circumferentially about the auxiliary dust lip 46, though other configurations are
contemplated herein. As shown, each of the respective vents 44, 48 are offset
circumferentially from one another such that no two vents 44, 48 are axially aligned with one
another. As such, the vents 44, 48, while acting together to prevent a vacuum or positive
pressure from forming under the main seal lip 24 and on the oil side O, also act together to
prevent the ingress of contamination from the air side A to the oil side O by avoiding the
formation of a straight path for the ingress of contamination.

[00018] To further enhance the operational performance of the seal 10, the auxiliary
dust lip 46 has an annular hinge 50 adjacent the central portion 23. The hinge 50 is formed
by a reduced thickness in the seal material 20. Accordingly, the hinge 50 has a first thickness
tl and the auxiliary dust lip 46 has a second thickness t2 immediately adjacent the hinge 50
radially inwardly from the hinge 50, wherein t1 is less than t2 (tI < t2). As such, the
operational running torque of the seal 10 is minimized.

[00019] An annular bridge 52 operably connects the seal lip 24 to the seal body 22.

The annular bridge 52 1s connected to the oil-side end 38 of the seal lip 24 by a first hinge 54
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and to the central portion 23 by a second hinge 56. The bridge 52 extends from the first
hinge 54 to the second hinge 56 in radially overlying relation to the seal lip 24, and thus,
provides an annular pocket 58 facing the air-side A of the seal assembly 10. The first and
second hinges 54, 56 are constructed having respective reduced thickness t3, t4 relative to a
thickness t5 of the bridge 52. Accordingly, the relative thicknesses are such that t3 and t4 are
less than t5 (t3 and t4 < t5).

[00020] The seal 10 1s further illustrated, by way of example and without limitation, as
having an annular projection 60 that extends generally from above the first hinge 54 axially
away from the seal lip 24 and the bridge 52 toward the oil-side O of the seal 10. The
projection 60 is configured to aid in the oil-side installation to prevent the seal lip 24 and
bridge 52 from unfolding during installation. Further, the projection 60 is configured to
remain out of contact with the shaft running surface 37 upon installation and during use.
[00021] A plurality of stiffening ribs, referred to hereafter as ribs 62, can be molded as
one piece of material with the seal body 22. The ribs 62 facilitate assembly and maintain the
sealing surface 34 of the seal lip 24 in proper sealing relation with the running surface 37 of
the shaft 12 during and upon assembly. The ribs 62 extend axially along the bridge 52, and
are shown here as extending along an upper or radially outwardly facing surface of the
projection 60 and along the full length of the bridge 52 and terminating at the central portion
23 of the seal body 22. The ribs 62 can be provided in any suitable number sufficient to
prevent reverse folding of the bridge 52 and the main seal lip 24 during assembly. The ribs
62 are preferably spaced equidistant from one another about the circumference of the seal
body 22. The height of the ribs 62 is such that they remain spaced from the seal body 22
upon the seal 10 being installed on the shaft 12.

[00022] Obviously, many modifications and variations of the present invention are

possible in light of the above teachings. 1t is, therefore, to be understood that within the
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scope of the appended claims and any claims ultimately allowed, the invention may be

practiced otherwise than as specifically described.
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What is claimed is:
1. A radial shaft seal configured for receipt in a housing and about a shaft to sealingly
isolate an air-side of the shaft seal from an oil-side of the shaft seal, comprising:

an annular mounting portion;

a seal body bonded to said mounting portion;

a seal lip having an annular sealing surface extending between an oil-side end and a
free air-side end, said sealing surface being configured to extend axially along the shaft;

an annular bridge connected to said oil-side end of said seal lip by a hinge and to a
central portion of said seal body by another hinge, said bridge extending in radially overlying
relation to said seal lip;

a primary dust lip extending from said air-side end, said primary dust lip having an
annular rib configured for sealed abutment with a running surface of the shaft, said annular
rib having at least one rib vent; and

an auxiliary dust lip extending from said central portion of said seal body to a free end
configured for sealed abutment with the running surface of the shaft, said free end of said
auxiliary dust lip having at least one lip vent spaced circumferentially from said at least one

rib vent in said annular rib.

2. The radial shaft seal of claim 1 wherein said primary dust lip has a plurality of said rib

vents and said auxiliary dust lip as a plurality of said lip vents.

3. The radial shaft seal of claim 2 wherein said rib vents are spaced equidistantly from

one another and said lip vents are spaced equidistantly from one another.
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4. The radial shaft seal of claim 1 wherein said auxiliary dust lip diverges away from
said seal lip toward the air-side.
5. The radial shaft seal of claim 1 wherein said auxiliary dust lip has an annular hinge

having a first thickness and a portion immediately adjacent said hinge radially inwardly from
said hinge having a second thickness, said first thickness being less than said second

thickness.

6. A radial shaft seal assembly, comprising:

a shaft extending along a central axis and providing a running surface;

a radial shaft seal configured for receipt in a housing and about said shaft to sealingly
isolate an air side of the radial shaft seal from an oil side of the radial shaft seal, comprising:

an annular mounting portion;

a seal body bonded to said mounting portion,

a seal lip having an annular sealing surface extending between an oil-side end and a
free air-side end, said sealing surface being configured to extend axially along said running
surface of said shaft;

an annular bridge connected to said oil side end of said seal lip and to a central
portion of said seal body, said bridge extending in radially overlying relation to said seal lip;

a primary dust lip extending from said air side end of said seal lip, said primary dust
lip having an annular rib configured for sealed abutment with a running surface of the shatft,
said annular rib having at least one rib vent; and

an auxiliary dust lip extending from said central portion of said seal body to a free end

configured for sealed abutment with said running surface of said shaft, said free end of said
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auxiliary dust lip having at least one lip vent spaced circumferentially from said at least one

rib vent.

7. The radial shaft seal assembly of claim 6 wherein said primary dust lip has a plurality

of said rib vents and said auxiliary dust lip as a plurality of said lip vents.

8. The radial shaft seal assembly of claim 7 wherein said rib vents are spaced

equidistantly from one another and said lip vents are spaced equidistantly from one another.

9. The radial shaft seal assembly of claim 6 wherein said auxiliary dust lip diverges

away from said seal lip toward the air-side.

10.  The radial shaft seal assembly of claim 6 wherein said auxiliary dust lip has an
annular hinge having a first thickness and a portion immediately adjacent said hinge radially
inwardly from said hinge having a second thickness, said first thickness being less than said

second thickness.



WO 2013/184611 PCT/US2013/043973

1/3




WO 2013/184611 PCT/US2013/043973

A

16

Yo"
<

&
e

20

>




WO 2013/184611 PCT/US2013/043973

3/3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/043973

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16J15/32
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

the whole document

A US 2010/187768 Al (SEDLAR BRENT R [US] ET 1-10
AL) 29 July 2010 (2010-07-29)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 September 2013

Date of mailing of the international search report

01/10/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Narminio, Adriano

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/043973
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010187768 Al 29-07-2010  CN 102356258 A 15-02-2012
CN 102362108 A 22-02-2012
EP 2382406 A2 02-11-2011
EP 2382407 A2 02-11-2011
JP 2012516423 A 19-07-2012
JP 2012516424 A 19-07-2012
KR 20110113181 A 14-10-2011
KR 20110115141 A 20-10-2011
US 2010187768 Al 29-07-2010
US 2010187769 Al 29-07-2010
WO 2010088343 A2 05-08-2010
WO 2010088344 A2 05-08-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

