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An end face seal assembly
(10) has a seal ring (36), a support
ring (42), and a resilient load ring
(44) having individual preselected
properties. The load ring (44) and
the support ring (42) have impro-
ved cross sectional configurations
and have a precise geometrical re-
lationship to each other and to the
joint (12) in which they are recei-
ved.
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Description

End Face Seal Assembly

Technical Field )
This invention relates generally to an end

face seal assembly and, more particularly, to an end
face seal assembly including a load ring having improved
stability and a support ring having an improved cross

sectional configuration.

Background Art

End face seals are commonly used in severe
service environments to exclude external contaminants
such as grit, water and the like from joints between
relatively movabie members. One such application for
seals of this type is in the pin joints in endless track
chains on track-type earthmoving vehicles. Such track
chains operate in extremely abrasive environments under
all types of weather conditions. Consequently, the
axial face load of the seals must be maintained at a
substantial level, for example, above 100 pounds, to
insure that the seal will effectively exclude contami-
nants and retain lubricant, even under conditions of
minimum load. In addition, the seal must accommodate
a considerable amount of axial motion between the track
joint members due to cumulative tolerances in manu-
facturing, stresses and strains in use, and wear. This
imposes substantial demands upon track pin seals, since
the seal must not only be sufficiently resilient to
follow rapid movements of the joint members over a con-
siderable temperature range, but also must exhibit a
substantial wear life.

Extensive development work has been directed

toward improving track pin seals. Numerous designs have
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been proposed, but, for the most part, they have been
proven successful in use only to a limited extent.

In the track chain assembly process pairs of
adjacent coacting pivotally interconnected links are
sequentially pressed onto the ends of associated pins
and bushings until & chain of a preselected length is
formed. Typically;'éhe links are placed upon roller
conveyors, and the seal assemblies are pressed into
associated counterbores. Press fitting of the seal
assembly in the link counterbore moves the opposite

éédgeé.of the inner and outer peripheral surfaces of the

load ring closer together because of the parallelogram

effect. It has been discovered that after assembly,

the axial distance between these edges is small enough

to render the load ring unstable, that is to say, if the
seal assembly is inadvertently bumped on one side, for
example by an adjacent link on the conveyor, the axial
distance between the opposite edges on the other side may
decrease to zero or less. The load ring on that side
therefore rotates inwardly and "pops out" of the counter-
bore. If not noticed and the links are pressed on their
respective bushing with the seal not properly positioned,
premature failure of the Jjoint occurs.

: Still another problem associated with prior

art seals of this type results from the relativély high
press or interference fit, about 0.5% to 2.0% of the
diameter, and the operational relationship between the
load ring and the relatively stiff support ring. The
magnitude of this fit renders assembly of the seal
relatively difficult and leads to inconsistent posi-
tioning of the seals in the links in the assembly process.
Further, when the load ring is in the compressed state,
its exterior face bulges outwardly against the upper
inclined inner surface of the support ring creating an

undesirable localized area of high strain, in the order
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of approximately 70% in the bulge portion, as opposed
to approximately a uniform 60% strain in the remaining
portion of the load ring. This strain discontinuity
reduces the fatigue life of the elastomeric material.
Yet another problem arises at the interface
between the load ring and the inclined inner surface
of the support ring, where the cbhtacﬁ forces are rela-
tively high but gradually taper to zero at the point

of last contact between the bulge and the incline. This

condition permits grit and other contaminants to collect .'

between the two members, and, in operation, the. approxi-
mately + 1° of "windup" or relative rotational motidg%:A'
between the load ring and the support ring causes sub-
stantial erosion of the elastomeric material. Signifi-
cant erosion of the locad ring also occurs on start up
and stop of the track where "windup" has been found to
be as high as + 4°. This‘erosion also contributes to
premature track pin joint failure and expensive vehicle
downtime.

The foregoing illustrates limitations of the
known prior art. In view of the above, it would be
advantageous to provide an alternative to the prior art
in the form of an improved end face seal assembly having
a long life expectancy and operational efféctiveﬁess over
a wide rahge of deflection in the severe service environ-
ment of a track joint, and which seal assembly will |
overcome the problems associated with the prior art.

Disclosure of the Invention

In one aspect of the present invention, there
is provided an end face seal assembly including a seal
ring, a support ring, and load ring having individual
preselected properties. The load ring and the support
ring each have improved cross-sectional configurations

and have a precise geometrical relationship to each
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other and to the joint in which they are received.

The foregoing and other aspects will become
apparent from the following detailed description of the
invention when considered in conjunction with the ac-
companying drawings. It is to be expressly understood,
however, that the drawings are not intended as a defi-
nition of the invention but are for the purposes of

illustration only.

Brief Description of the Drawings

In the drawings:

Figure 1 is a vertical elevational view in
cross section of a track joint embodying the end face
seal assembly of the present invention;

Figure 2 is an enlarged view of the end face
seal assembly and associated members of Fig. 1 to better
illustrate the details thereof; and

Figure 3 is an enlarged view of the seal as-
sembly and associated members of Fig. 1 illustrating

the seal assembly in the unloaded position or free state.

Best Mode For Carrying Out the Invention

Referring to Fig. 1, a track joint embodying
an end face seal assembly 10 constructed in accordance
with the present invention is shown generally by the
numeral 12. The track joint includes first and second
cooperating, pivotally interconnected overlapping links
14,16 coaxially mounted along a pivot axis 18 to a
track pin 20 and an associated cylindrical bushing 22

respectively and a spacer ring 24 disposed intermediate

the links.

As shown in greater detail in Fig. 2, a counter-
bore or seat 26 is formed in the first link 14 and is
defined by an axially outwardly facing end face 28, a

cylindrical surface 30, and a blended arcuate corner
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portion 32. The spacer ring 24 is loosely positioned

on the track pin 20 and abuts the face 28 and an axially
inwardly facing end face 34 on the bushing 22 to limit
the minimum axial distance therebetween.

The end face seal assembly 10 is disposed
generally concentrically with the axis 18 within the
counterbore 26 and axiallyrseals against the end face
34 of the bushing‘22 to retain lubricant within the
track joint 12 and to prevent the entry of dirt or other
contaminants therein. The seal assembly includes a
resilient seal ring 36 for dynamic primary sealing
engagement with the end face 34. The seal ring has a
generally triangular cross section having a sealing lip
or axial outward face 38 engaging the bushing end face
and an annular base 40 which may be securely bonded or
otherwise connected to a relatively rigid support ring-
42. The seal assembly further includes a resilient load
ring 44 for supporting the support ring and the seal
ring in the counterbore and for providing static secon-
dary sealing engagement with both the support ring and
the counterbore.

Referring now to Figs. 2 and 3, the support
ring 42 and the load ring 44 are illustrated in greater
detail. The support ring has a generally L-shaped cross
sectional configuration having a generally axially ex-
tending cylindrical portion 46 and an integrally con-
nected generally radially extending portion 48. The
cylindrical portion defines a cylindrical surface 50 and
an axially inner end 52, and the radially extending
portion defines an axially inwardly facing end face 54,
an axially outwardly facing end face or seat 56, and a
rounded, radially outer peripheral edge 58 extending
therebetween defining a generally rounded end portion 60.
The base 40 of the seal ring 36 is bonded or otherwise

sealingly secured to the outwardly facing seat of the
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support ring. Moreover, a blended arcuate corner portion
62 connects the surface 50 and the end face 54 to

define a seat 64 that faces opposite the counterbore or
seat 26 in the link 14.

The construction of the load ring 44 is best
illustrated in Fig. 3 where it is shown in the unloaded
or free state. The load ring is preferably constructed
of an elastomeric resilient material, for éxample
epichlorohydrin copolymer rubber having a durometer
"A" scale hardness magnitude in a range of about 40 to
70 and a relatively low tensile modulus magnitude
(Young's modulus) of approximately 3 MPa (500 psi).

The free cross section thereof is of a generally paral-
lelogram shaped configuration defined by cooperating
substantially cylindrical, axially extending, outer

and inner peripheral surfaces 66,68, a first end face
70 extending radially inwardly from the outer peripheral
surface, a second end face 72 extending radially out-
wardly from the inner peripheral surface, a generally
concave interior surface 74 extending between the first
end face at a first edge 76 and the inner peripheral
surface at a second edge 78, and a generally concave
exterior surface 80 extending between the outer peri-
pheral surface at a third edge 82 and the second end
face at a fourth edge 84.

The outer peripheral surface 66 of the load
ring 44 is in a press fit relationship with the cylin-
drical surface 30 of the counterbore 26. Similarly,
the inner peripheral surface 68 is in a press fit rela-
tionship with the cylindrical surface 50 of the support
ring 42. The load ring is solely connected to the
counterbore and support ring by these pressed or inter-
ference fits without the use of a binding agent.
Preferably, both fits lie within a range of a free fit
to about 0.4% of the diameters of the cylindrical
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surfaces 30 and 50 respectively.

A prefefred construction parameter of the
load ring 44 exists in the preselected geometry of the
interior surface 74 when it is in the unloaded or free
state. The interior surface is characterized by a
shallow arcuate recess defined by a revolved radius R
having a length within a range of about 0.9 to about
1.5 times the distance between the first and the second
edges 76,78. It has been determined that by keeping
the radius length within this preselected range, buckling
of the load ring will be avoided, if, for example, the
radius is too small. Conversely, if the radius is too
large, the axial face load upon the seal ring will
increase undesirably fast, because the compressed load
ring will £ill the available space in the counterbore
26 too rapidly.

Another preferred construction parameter of
the load ring 44 resides in the preselected geometry
of the exterior surface 80 when it is in the unloaded
or free state. The exterior surface is characterized
by a shallow arcuate recess defined in combination by
a radial outer portion 86 normal to the axis 18 and by

a revolved radius RR, as indicated on the drawing, having

" a length within a range of about 0.45 to about 1.2 times

the distance between the third and the fourth edges
82,84. Preferably the radius has a length within a
range of about 0.5 to about 0.7 times the distance
between the third and fourth edges, and ideally, the
radius has a length approximately equal to about 0.6
times the distance between the third and the fourth
edges.

Yet another preferred construction parameter
of the load ring 44 exists in the preselected axial
distance C between the second and third edges 78,82 in

the free state. Within the restrictive limitations
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imposed by the radial and axial dimensions of the
counterbore receiving the seal assembly, it is advan-
tageous to maintain this distance within a preselected
range to control the stability of the load ring. Prefer-
ably, the axial distance C between the second and third
edges is within the range of about 0.25 to about 0.6
times the overall axial length L of the load ring.
Ideally, this distance is within a range of about 0.3

to about 0.35 times the overall axial length of the load

ring.

Industrial Applicability
With the parts assembled as set forth above,

the end face seal assembly 10 of the present invention

has application wherever it is desirable to provide a
seal between two members having relative rotational
and limited axial movement therebetween. One such
application is in a track pin joint 12 in an endless
track chain on track-type earthmoving vehicles.

In operation, the end face seal assembly 10
provides a gradually increasing axial face load on the
sealing lip 38 as the load ring 44 is loaded in shear
between the seats 26 and 64 and compressed between
the free state illustrated in Fig. 3 and the fully
loaded state illustrated in Fig. 2 in response to rela-
tive axial movement between the first and second links
14,16. The axial face load is maintained at a pre-
selected minimum value upon the initial installation
of the seal assembly in the track joint in order to
assure positive retention of lubricant and to exclude
the entry of foreign contaminants therein. Importantly,
the decreased interference or pressed fit relationship
of the load ring and the cylindrical surface 30 of the
counterbore 26 results in increased ease of installation

of the seal and better consistency in assembly thereof.
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As the seal assembly 10 is compressed, the
exterior surface 80 of the load ring 44 is deformed
in such a way that its concave shape becomes generally
curvilinear, as is best illustrated in Fig. 2. It is
of significance to note that in the compressed state,
the improved load ring is free from the undesirable
axially outwardly bulging of the exterior surface of
prior art load rings and the resultant strain discon-
tinuity between-the bulging portion and the remaining
portion thereof. Moreover, the exterior load ring
surface and the generally rounded end portion 60 of the
support ring are constructed and arranged so as to be
free from engagement with one another when the seal
assembly is compressed. Advantageously, the absence of
contact between these seal assembly members 80,60
eliminates the accumulation of dirt and other foreign
contaminants therebetween eliminating erdsion of the
elastomeric material of the load ring and associated
premature failure of the seal assembly.

Simultaneously, as the load ring 44 is com-
pressed the interior surface 74 engages the end face
28 of the link 14 and also allows a controlled increase
of the internal strain rate of the load ring. Specifi-
cally, the unfilled area 88 between the link end face
and the load ring is at least 90% filled by the load
ring in the position of maximum compression which maxi-
mizes effective use of the minimal available space and
avoids weakening of the first link 14 as would be the
case with a counterbore of larger dimensions.

While the present invention has been described
with reference to a preferred embodiment, it will be
understood by those skilled in the art that various
changes may be made and equivalents may be substituted
for elements thereof without departing from the scope

of the invention. In addition, many modifications may
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be made to adapt a particular situation or material to
the teachings of the invention without departing from
the scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiments
5 disclosed, but that the invention will include all
embodiments falling within the scope of the appended

claims.
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Claims

1. A load ring (44) defined by a plurality of
preselected surfaces concentrically disposed with respect
to a central axis (18), the load ring (44) comprising:

a substantially cylindrical outer axially
extending peripheral surface (66);

a first end face (70) extending radially
inwardly from the outer peripheral surface (66);

a substantially cylindrical inner axially
extending peripheral surface (68); . '

a second end face (72) extending radially
outwardly from the inner peripheral surface (68);

an interior surface (74) extending between the
first end face (70) at a first edge (76) and the inner
peripheral surface (68) at a second edge (78); and

an exterior surface (80) extending from the
outer peripheral surface (66) at a third edge (82) to
the second end face (72) at a fourth edge (84) with the
exterior surface (80) being generally defined by a
revolved radius (RR) forming a concavity between the
third and fourth edges (82,84).

2. The load ring (44) of claim 1 being of
generally parallelogram cross sgction with opposite

surfaces (74,80) being generally concave.

3. The load ring (44) of claim 1 wherein the
exterior surface (80) includes a radially outer portion
(86) normal to the axis (18). '

4. The load ring (44) of claim 1 wherein the
revolved radius (RR) has a length within a range of
about 0.45 to about 1.2 times the distance between the
third and fourth edges (82,84).

ceab
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5. The load ring (44) of claim 1 wherein the
interior surface (74) is generally defined by a revolved
radius (R) having a length within a range of about 0.9
to about 1.5 times the distance between the first and

second edges (76,78).

6. The load ring of claim 1 wherein the axial
distance (C) between the second and the third edges
(78,82) in the free state is within a range of about
0.25 to about 0.6 times the overall axial length (L) of
the load ring (44).

7. The load ring of claim 1 wherein the axial
distance (C) between the secondrand the third edges
(78,82) in the free state is within a range of about 0.3
to about 0.35 times the overall axial léngth (L) of the
load ring (44). )

8. 2An end face seal assembly (10) having an
axis (18), the seal assembly (10) being positioned
between a first member (14) having an axially outwardly
facing seat (26) defining a first substantially cylin-
drical surface (30) and a cooperating first end face
(28), and a second member (22), the end face seal
assembly comprising:

a support ring (42) of generally L—shaped
cross sectional configuration defining first and second
seats (56,64) on the axially opposed sides thereof, the
support ring (42) including a generally axially ex-
tending cylindrical portion (46) and a generally radially
extending portion (48) having a generally rounded end
portion (60);

a seal ring (36) connected to the first seat
(56) of the support ring (42) for sealing engagement
with the second member (22); and.
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(Claim 8 continued)

a load ring (44) defined by a plurality of
preselected surfaces concentrically disposed with
respect to the axis (18), the load ring (44) being
releasably connected to the second seat (64) of the
support ring (42) and including a substantially cylin-
drical outer axially extending peripheral surface (66),
a first end face (70) extending radially inwardly from
the outer peripheral surface (66), a substantially
cylindrical inner axially extending peripheral surface
(68); a second end face (72) extending radially out-
wardly from the inner peripheral surface (68); an
interior surface (74) extending between the first end
face (70) at a first edge (76) and the inner peripheral
surface (68) at a second edge (78); and an exterior
surface (80) extending from the outer peripheral surface
(66) at a third edge (82) to the second end face (72) at
a fourth edge (84) with the exterior surface (80) being
generally defined by a revolved radius (22) forming a

concavity between the third and fourth edges (82,84).

9. The end face seal assembly (10) of claim 8
wherein the load ring (44) is of a generally parallel-
ogram shaped cross section with opposite surfaces

(74,80) being generally concave.

10. The end face seal assembly (10) of claim
8 wherein the exterior surface (80) of the load ring
(44) includes a radially outer portion (86) normal to
the axis (18).

11. The end face seal assembly (10) of claim
8 wherein the revolved radius (RR) has a length within a
range of about 0.45 to about 1.2 times the distance
between the third and fourth edges (82,84).
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12. The end face seal assembly (10) of claim
8 wherein the interior surface (74) of the load ring
(44) is generally defined by a revolved radius (R)
having a length within a range of about 0.9 to about 1.5
times the distance between the first and second edges
(76,78) .

13. The énd face seal assembly (10) of claim
8 wherein the axial distance (C) between the second and
the third edges (78,82) of the load'ring (44) in the
free state is within a range of about 0.25 to about 0.6
times the overall axial length (L) of the load ring
(44).

1l4. The end face seal assembly (10) of claim
8 wherein the axial distance (C) between the second and
the third edges (78,82) of the load ring (44) in the
free state is within a range of about 0.3 to about 0.35
times the overall axial length (L) of the load ring
(44).

15. The end face seal assembly (10) of claim
8 wherein the load ring (44) is so constructed and
arranged that in response to axial loading the exterior
surface (80) deflects and is free from contact with the
generally rounded end portion (60) of the support ring
(42).
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