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Figure 1a

dial gap between coaxial, relatively rotatable inner and outer members. The
unit comprises a seal element (30) that is mountable to the outer member and
comprises a flinger element (20) that is mountable to the inner member. The
seal element has an elastomeric seal body (35) comprising a radial seal lip
(36) that bears against a counterface on a cylindrical portion (25) of the
flinger element. The flinger element further comprises a flange portion, hav-
ing a first section (26) that extends in a purely radial direction from the cyl-
indrical portion (25) and further comprises a second section (27) that extends
from the first section (26) in an axially inward direction at an angle of
between 10 and 80 degrees relative to a rotation axis of the unit. The elasto -
meric seal body further comprises a non-contact seal portion (38), which has
a first surface (41) and a second surface (42) which respectively face the first
and second sections (26, 27) of the flange portion, and which present an es-
sentially constant gap (G) thereto of less than 1 mm.
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Radial seal with contacting and non-contacting portions

FIELD OF THE INVENTION

The invention relates to a seal unit for enclosing a radial gap between relatively
rotatable coaxial components, whereby the seal comprises both a contact portion
in the form of a seal lip and a non-contact portion in the form of a labyrinth seal.

BACKGROUND TO THE INVENTION

An example of such a seal is described in US 7066467. The document discloses a
sealing device for a water pump bearing, which employs a seal member without an
axial lip, the seal member having a radial lip only. The sealing device further
comprises a flinger with a disk portion and an outer cylindrical portion. The seal
member has a section that is bent into an approximate U-shape in a region
corresponding radially along the disk portion of the flinger and axially along the
outer cylindrical portion. A labyrinth seal is thus formed by an axially extending and
a radially extending gap between the flinger and the bent section of the seal

member.

There is still room for improvement.

SUMMARY OF THE INVENTION

The present invention resides in a dynamic seal for enclosing a radial gap
between coaxial, relatively rotatable inner and outer members. The seal unit
comprises a flinger element which has a cylindrical portion adapted for mounting
to the inner member and has a flange portion that extends in a radially outward
direction from the cylindrical portion. The seal unit further comprises a seal
element, which has an annular casing with a sleeve part that is adapted for
mounting to the outer member. The seal element comprises an elastomeric seal
body, attached to the casing, and has a radially oriented seal lip that bears against
a counterface on the cylindrical portion of the flinger element. The flange portion of
the flinger has a first section that extends from the cylindrical portion in a purely
radial direction and has a second section that extends radially from the first section
in an axially inward direction, with an angle of between 10 and 80 degrees relative
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to a rotation axis of the seal unit. The elastomeric seal body further comprises a
non-contact seal portion with first and second surfaces which respectively face the
first and second sections of the flange portion and present an essentially constant
gap thereto with a gap width G of less than 1 mm.

Thus, the seal unit comprises a labyrinth seal that is formed by a small gap
between two sets of opposing surfaces. Two sections of the gap can therefore be
defined. A first section of the gap extends in a purely radial direction between the
first surface of the non-contact seal portion and the first section of the flinger
flange. A second section of the gap extends in a radial and axial direction
between the second section of the non-contact seal portion and the second
section of the flinger flange.

During dynamic sealing conditions, the rotating part of the labyrinth seal excludes
contaminants from entering the second section of the gap. The rotating part can
be the flinger or the seal element. Contaminants such as moisture that adheres to
the stationary part of the seal may nevertheless enter into the second section and
then the first section of the gap. The moisture will eventually contact the rotating
part of the seal and, under the action of centrifugal force, will be expelled from the
first section of the gap. Centrifugal force is also able to expel the moisture from the
second section of the gap, in that the opposing surfaces are angled relative to the
seal rotation axis with an angle that is smaller than 90 degrees. Preferably, the
angle is between 30 and 60 degrees.

Thus, the labyrinth seal is adapted not only to hinder the entry of contaminants,
but also to optimise the expulsion of any contaminants that penetrate into the seal
through the gap.

To enhance the labyrinth sealing effect, the length of gap sections is suitably
greater than twice the width of the gap. Preferably, the first and second gap
sections have a length of at least 5*G.
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In an advantageous development, the second section of the flange portion extends
axially beyond the second surface of the non-contact seal portion. In other words,
the entrance to the second section of the gap is covered by the second section of
the flinger flange, which again helps to prevent the ingress of contaminants.

In a further advantageous development, a radially inner surface of the sleeve part
of the annular casing seal slopes away from the rotation axis of the seal unit. This
helps to enable contamination to drain out of the seal unit.

Suitably, the annular casing of the seal unit comprises a flange part that extends in
a radially inward direction from the sleeve part and the elastomeric seal body has
an axial extension that extends from the flange part. The non-contact seal portion
may be formed by a radial extension that extends from the axial extension. In a
further advantageous development, the axial extension of the elastomeric seal
body has a radially inner surface that slopes away from the rotation axis of the
seal unit. This helps to enable the drainage of contamination out of the first section
of the gap.

A seal according to the invention has further advantages, which will become
apparent from the following detailed description and accompanying figures.

DESCRIPTION OF THE FIGURES
In the following, the invention is described with reference to the accompanying
drawings, in which:

Figs.1a; 1b show a radial cross-section through part of a seal unit according to

the invention;
Fig. 1c shows a radial cross-section through the full seal unit.
DETAILED DESCRIPTION

Radial seals are employed to enclose a radial gap between coaxial, relatively
rotatable components, such as a bearing outer ring and a bearing inner ring. The
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seal serves to retain lubricant within the bearing and to exclude external
contaminants, such as moisture and dirt. In applications where external
contaminants are heavily present, e.g. wheel bearing applications, radial seals
often have a radially oriented lip and an axially oriented lip that bear against
respectively oriented surfaces of a flinger component. During dynamic sealing
conditions, the seal lips are in sliding contact with the flinger, which necessarily
generates friction and eventually leads to wear.

A seal unit according to the invention is designed to provide sealing performance
which is equivalent to a seal with two lips, as described above, in terms of
lubricant retention and contaminant exclusion capability, but which generates
substantially lower friction. An example of such a unit is shown in Figures 1a, 1b
and 1c. Each figure shows the same features, but the reference numerals
associated with these features have been split over the three figures, in order not
to obscure any particular drawing.

The seal unit 10 comprises a flinger 20 that is adapted to be mounted to an inner
component such as a shaft or a bearing inner ring, and further comprises a seal
element 30 that is adapted to be mounted to an outer component such as a
housing or a bearing housing or a bearing outer ring. Let us assume that in the
depicted example, the inner component is the rotatable component, meaning that
the flinger 20 is the rotational part of the seal unit. It is also possible, however, for
the sealing element 30 to be the rotational part.

The flinger 20 has a cylindrical portion 25 and a radially extending flange portion.
The flange portion has a first section 26 that extends in a purely radial direction
from the cylindrical portion 25, and has a second section 27 that extends from the
first section 26 in an axially inward direction. The second section 27 extends at an
angle a (refer Fig. 1b) relative to a rotation axis 60 (refer Fig. 1c) of the seal unit. In
the depicted example, the angle a is approximately 45 degrees, but may range
from 10 to 80 degrees.
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The seal element 30 comprises an annular casing with a sleeve part 32 that is
mountable to a housing component, and a flange part 31 that extends radially from
the sleeve part 32. The seal element further comprises an elastomeric body 35,
which is e.g. moulded to the annular casing. The elastomeric body 35 is made of
NBR rubber in the depicted example, but any suitable elastomeric material may be
used.

To ensure a seal under static conditions, the seal unit is provided with one sealing
lip that bears against a counterface on the flinger. The elastomeric body has a
radial seal lip 36 that bears against a radially outer surface of the cylindrical
portion 25 of the flinger. A radial seal lip has the advantage that under dynamic
sealing condition, sliding contact between the radial lip 36 and the counterface
takes place at the part of the seal with the smallest diameter, thereby minimising
friction torque. In the depicted example, the elastomeric body 35 further comprises
a second radially oriented, non-contacting lip 37, which serves to retain grease
within the sealed space.

To provide additional sealing capability in a low-friction manner, the seal unit
comprises a labyrinth seal. The elastomeric body 35 has a non-contact seal
portion 38 which faces the flange portion of the flinger 20. The non-contact seal
portion 38 extends in a radially outward direction from an axial extension part 39 of
the elastomeric body, which itself extends from the flange part 31 of the annular
casing. According to the invention, the non-contact seal portion 38 has a first
surface 41 which runs parallel to an axially inner surface 21 of the first section 26
of the flinger flange, and has a second surface 42 which runs parallel to an axially
inner surface 22 of the second section 27 of the flinger flange. The first and
second surfaces 41, 42 of the non-contact seal portion 38 face the first and
second sections 26, 27 of the finger flange with an essentially constant gap G,
which is less than 1 mm. Preferably, the gap G has a width of between 0.2 and 0.5
mm.

Thus, a labyrinth seal is formed by the gap G between two pairs of opposed
surfaces. The first surface 41 of the non-contact seal portion 38 and the axially
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inner surface 21 of the flinger will be referred to as the first pair of opposed
surfaces; the second surface 42 of the non-contact seal portion 38 and the axially
inner surface 22 of the flinger will be referred to as the second pair of opposed

surfaces.

The first pair of opposed surfaces 21, 41 are oriented perpendicular to the rotation
axis 60 and have a length Ly which is considerably greater than the gap width G.
Preferably, the length L, is at least five times the gap width, as labyrinth sealing
effect is enhanced by increasing the ratio of gap length to gap width. The second
pair of opposed surfaces 22, 42 are oriented with the angle a to the rotation axis
60 and have a length L, which is greater than the gap width G. Preferably, the
length L, is at least twice the gap width.

During dynamic sealing, the rotating flinger 20 and the small axially oriented gap G
that is formed between the two pairs of opposed surfaces may initially cause an
air-flow pumping effect that helps to prevent entry of contamination. However, it is
likely due to the contact between the radial lip 36 and the flinger 20 that the seal
unit 10 will reach an equilibrium state in which no air flow occurs. Nevertheless,
any contamination that enters the gap G and makes contact with the rotating
flinger will be urged in a radially outward direction, due to centrifugal force.
Furthermore, because the second section 27 of the flinger flange is angled at an
angle a of less than 90 degrees, contamination does not become trapped, but can
still move under the effect of centrifugal force and be ejected into a first collection
chamber 50 of the seal unit.

The first collection chamber 50 is delimited at a radially inner side by the axial
extension part 39 of the elastomeric body 35. At a radially outer side, the chamber
50 is delimited by a radially inner surface 47 of the sleeve part 32 of the annular
casing. In the depicted example, this radially inner surface is formed by a part of
the elastomeric body 35 that is attached to the casing sleeve. To help prevent
contamination from entering the first collection chamber 50, the sleeve part 32 of
the annular casing has an overhang 45 that extends in an axially outward direction
beyond the second section 27 of the flinger flange. In the depicted example, part
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of the overhang 45 is formed by the elastomeric body and extends by an amount b
(refer Fig. 2) beyond an axially outer surface of the first section 26 of the flinger
flange. Thus at the entrance to the first collection chamber 50, contamination such
as moisture will fall past the seal unit or fall onto the angled second section 27 of
the flinger flange. During static conditions, moisture which falls onto the angled
second section 27 will drain off; during dynamic sealing, the moisture will be flung

away.

The second section 27 of the flinger flange extends towards the radially inner
surface 47 of the casing sleeve 32, with a small radial gap in between. It remains
possible, therefore, for contamination, e.g. moisture, to enter the first collection
chamber 50 of the seal unit 10.

Contamination which has entered the first collection chamber 50 should then be
inhibited from entering the gap G between the second pair of opposed surfaces
22, 42 of the labyrinth seal. To this end, the entrance is covered. In the depicted
example, the second section 27 of the flinger flange extends beyond an axially
inner surface 43 of the non-contact seal portion 38 by an amount a (refer Fig. 2),
so that any contaminants on e.g. the radially inner surface 47 of the casing sleeve
32 cannot fall into the gap.

Advantageously, to enable contamination such as moisture to escape from the first
collection chamber 50, the radially inner surface 47 of the casing sleeve 32 is
angled relative to the rotation axis 60 with an angle B. As best seen in Fig 1c,
gravity will cause the moisture to gather on the radially inner surface 47 of the
casing sleeve, at a “six o’clock” position of the seal unit. This surface slopes away
from the rotation axis 60, enabling the moisture to drain out of the seal unit.

The labyrinth seal is designed to prevent, as far as possible, the entry of
contamination into a second collection chamber 55 of the seal unit, which lies
radially inward of the first pair of opposing surfaces 21, 41 of the labyrinth seal. As
mentioned above, the first pair of opposed surfaces and the angled second pair of
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opposed surfaces 22, 42 of the labyrinth seal are designed to enable contaminants
on the rotating flinger to be expelled into the first collection chamber 50.

Advantageously, the seal unit is further designed to enable contamination such as
moisture, which adheres to the stationary elastomeric body 35, to escape from the
second collection chamber 55. In the depicted example, a surface 44 of the
elastomeric body that delimits the second collection chamber at a radially outer
side is angled relative to the rotation axis 60 with an angle 6. Again as best seen in
Fig. 1c, gravity will cause the moisture to gather on the surface 44, at a “six
o’clock” position. This surface 44 slopes away from the rotation axis 60, enabling
the moisture to drain into the labyrinth seal gap G and then into the first collection
chamber 50. As explained above, the angled surface 47 that delimits the first
collection chamber at a radially outer side then allows the moisture to drain out of
the seal unit altogether.

Thus a seal unit according to the invention is not only designed to inhibit the entry
of contaminants into the sealed space, it is also optimised in terms of permitting
contaminants to be expelled from the seal unit.

A number of aspects/embodiments of the invention have been described. It is to
be understood that each aspect/embodiment may be combined with any other
aspect/embodiment. The invention may thus be varied within the scope of the
accompanying patent claims.
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Patent Claims:

1. Seal unit (10) for enclosing a radial gap between coaxial, relatively rotatable
inner and outer members, the seal unit comprising:
- a flinger element (20) comprising a cylindrical portion (25) adapted for
mounting to the inner member and further comprising a flange portion
that extends in a radially outward direction from the cylindrical portion;
and
- a seal element (30) comprising an annular casing having a sleeve part
(32) adapted for mounting to the outer member and comprising an
elastomeric seal body (35), attached to the casing, having a radially
oriented seal lip (36) that bears against a counterface on the cylindrical
portion (25) of the flinger element;
wherein
e the flange portion of the flinger has a first section (26) that extends
from the cylindrical portion in a purely radial direction and has a
second section (27) that extends radially from the first section in an
axially inward direction, with an angle a of between 10 and 80 degrees
relative to a rotation axis (60) of the seal unit; and

¢ the elastomeric seal body (35) further comprises a non-contact seal
portion (38) with first and second surfaces (41, 42) which respectively
face the first and second sections (26, 27) of the flange portion and
present an essentially constant gap (G) thereto of less than 1 mm.

2. Seal unit according to claim 1, wherein the first and second surfaces (41, 42)
of the non-contact seal portion have a length greater than 2*G.

3. Seal unit according to claim 1 or 2, wherein the first surface (41) of the non-
contact seal portion has a length greater than 5*G.

4. Seal unit according to any preceding claim, wherein a periphery of the
second section (27) of the flange portion extends axially beyond the second
surface (42) of the non-contact seal portion (38).
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5.  Seal unit according to any preceding claim, wherein a radially inner surface

(47) of the sleeve part (32) of the annular casing seal slopes away from the

rotation axis (60) of the seal unit with an angle (B).

6. Seal unit according to any preceding claim, wherein:

the annular casing comprises a flange part (31) that extends in a radially
inward direction from the sleeve part (32);

the elastomeric seal body comprises an axial extension (39) that extends
from the flange part (31);

the non-contact seal portion (38) is formed by a radial extension that
extends from the axial extension; and

the axial extension (39) of the elastomeric seal body (35) has a radially
inner surface (44) that slopes away from the rotation axis (60) of the seal
unit with an angle (6).

7. Seal unit according to any preceding claim, wherein the sleeve part (32) of

the annular casing has an overhang (45) that extends in axial direction

beyond a radial periphery of the second section (27) of the flange portion of
the flinger (20).

8.  Seal unit according to claim 7, wherein the overhang (45) extends in axial

direction beyond an axially outer surface of the first section (26) of the flange

portion of the flinger (20).
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