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(54) Title: A ROTATING SEAL RING COMPONENT KIT FOR A MECHANICAL SPLIT SEAL

(57) Abstract

A rotating split seal ring assembly comprises a
seal ring (42) having a split (50) dividing the seal ring
into at least two sections (42’, 42’°) configured to fit
around a shaft (10), clamp ring (44) having a split (51)
dividing the clamp ring into at least two sections (44’, 44°)
configured to circumferentially surround the seal ring, each
clamp ring section having tabs (56) which cooperate with
corresponding tabs on another clamp ring section to permit
assembly of the clamp ring sections around the seal ring;
and a housing (46) having a split (72) dividing the housing
into at least two sections (46°, 46’’) configured to fit
around the shaft, the housing including first and second
notches (70) having at least one converging angle side wall

(figures 4 and 10) configured to receive and engage the tabs
sO as to prevent rotation of the clamp ring relative to the

housing. Upon shaft rotation, the tabs each engage at least
one converging angle sidewall to provide metal-to—metal
contact between the tabs and the housing.
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TITLE: AROTATING SEAL RING COMPONENT KIT FOR MECHANICAL
SPLIT SEAL

5 L Fleld nv
The present invention relates to mechanical split seals for sealing along a
shaft and, more specifically, to a rotating seal ring component kit including the
parts for a rotating seal ring component of a mechanical split seal and including
the method of assembling those parts into a rotating seal ring component.
10 L. Background {nformation
Equipment such as pumps operate in an environment in which a rotating
shaft must be sealed around its periphery to prevent fluids from entering into or
exiting from a housing adjacent the shaft. In certain installations, sealing
elements in such equipfnent are relatively inaccessible. To avoid the effort and
15 time required to completely disassemble such equipment, split seal rings may be
used as the sealing elements which comprise a plurality of split elements
surrounding a shaft rather than non-split elements. Replacement of the sealing
elements may thus be accomplished without having to slide a solid seal ring off
the shaft or disassemble other non-split elements to permit removal of a solid seal
20 ring. The split seal rings are simply disassembled and removed from around the
shaft.
Normaily, two opposing split seal rings are provided. One is stationary
(1.e., non-rotating) and the other rotates. Typically, each split seal ring

comprises two halves extending 180 degrees to constitute a complete seal ring.

25
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However, it is possible to split a ring into three or more pieces. Accordingly, the
terms "halves" or "sections” in this application as applied to seal rings or any
other element of a mechanical split seal, are intended to reference at least two
pieces and may, therefore, include three or more pteces.

U.S. Patent No. 5,370,401 issued to Sandgren (the "Sandgren patent”)
discloses a mechanical split seal comprising a pair of seal ring halves which are

configured to fit around a shaft and rotate, and a pair of seal ring halves which

are stationary. The assembly of parts which mounts the rotating seal ring

halves to the shaft may be referred to as a rotating seal ring component of a
mechanical split seal and the parts which make up the rotating seal ring
component of a mechanical split seal may be referred to as a rotating seal ring
component kit. A rotating seal ring component kit may be distributed
independently to replace a rotating seal ring component or may be distributed
as part of a mechanical spiit seal kit which includes parts not only for the
rotating seal ring component but also for the remaining components of a

mechanical split seal.

The rotating seal ring component disclosed in the Sandgren patent

comprises a split seal ring made up of a pair of seal ring halves configured to fit

around a shaft, and a split housing made up of a pair of housing halves

configured to circumferentially surround the seal ring halves. Ano-ring is

-2 -
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interposed between the seal ring haives and the housing halves to support the
seal ring in the housing.

Rotating seal ring components of this type do not employ any rigid
clamping of the seal ring halves but rather rely upon pressure exerted through
the o-ring and/or from fluid external to the seal ring halves to hold the seal ring
halves together. Other examples of this type of rotating seal ring component

may be seen in U.S. Patent No. 4,576,384 issued to Azibert and U.S. Patent

No. 3.244 425 issued to Wilkinson.

The non-rigidly clamped seal ring configurations represented by the

-~ Sandgren, Azibert, and Wilkinson patents are distinguished from prior art

mechanical split seal arrangements in which there is rigid mechanical clamping
employed to hold seal ring halves together. One example of a rigid mechanical
ctamping arrangement is illustrated in U.S. Patent No. 3,101,200 issued to

Tracy.

An object of the present invention is to provide a rotating seal ring

component and related kit and method of assembly in which the seal ring halves

are mechanically clamped together around a shaft by rigid, hard surface to hard

surface contact.
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Additional objects and advantages of the invention will be set forth in part

in the description which follows and in part will be obvious from the description

or may be learned by practice of the invention.

ION

MMARY OF THE INV

To achieve the foregoing objects, and in accordance with the purposes of
the invention as embodied and broadly described herein, a rotating seal ring
component kit is provided which comprises a seal ring having a split dividing the
seal ring into at least two sections configured to fit around a shatft; a clamp rng
having a split dividing the clamp ring into at least two sections configured to
circumferentially surround the seal ring, the clamp ring sections each having
tabs which cooperate with corresponding tabs on another clamp ring section to
permit assembly of the clamp ring sections around the seal ring; and a housing
having a split dividing said housing into at least two sections configured to fit
around the shaft, the housing inciuding first and second notches configured to
receive the tabs so as to prevent rotation of the clamp ring relfative to the
housing. .

The notches of the housing preferably have an interior configuration and
the tabs of the clamp ring preferably have an exterior configuration to fixedly

hold the clamp ring in the housing upon initial rotation of the clamp ring.

Specifically, the axial dimension of the tabs preferably is less than one axial

-4 .-




10

15

CA 02284257 1999-09-20

WO 99/11953 PCT/US98/17290

dimension of the notches to permit the tabs to be inserted into the notches but
greater than a second axial dimension of the notches to allow the interaction of
tabs and notches to fixedly hold the clamp ring in the housing upon initial
rotation of the clamp ring.

The seal ring may include an outer circumferential groove having an axial
width greater than the axial width of the clamp ring in order to assist in
positioning of the clamp ring around the seal ring. The tabs of the clamp ring
may also include either captured screws or corresponding threaded holes to
receive the screws in order to facilitate assembly of the clamp ring sections
around the seal ring.

It is also preferable that the seal ring include at least one mark positioned

to permit a preset radial mis-alignment between the seal ring and the clamp

ring. Preferably, this preset radial mis-alignment positions the split of the seal
ring sections, in a two-section configuration, in the range of 30 degrees to 50
degrees (and preferably approximately 38 degrees) from the tabs. This radial
mis-alignment has been found to minimize the adverse effect of any flexing of
the seal ring once mechanically secured into position by the clamp ring.

Still further, in order to facilitate assembly of the parts of the rotating seal
ring component kit of the subject invention, it is further preferable there be

provided a snap ring and that the seal ring includes an outer circumferential

.5.
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recess of sufficient dimension to receive the snap ring to thereby temporarily
hold the seal ring sections in position and yet permit assembly of the clamp ring
over the snap ring for final mechanical assembly of the clamp ring around the
seal ring.

The invention of the subject application is directed not only toward the kit
comprising the parts of a rotating seal ring component as set forth above but
a[sd toward the resultant rotating seal ring component when the parts of the kit

are assembled.

Still further, it is contemplated that the subject invention includes and
encompasses a method of mounting a rotating seal ring component on a shaft
comprising the steps of positioning sections of a split seai ring around a shaft;
assembling sections of a clamp ring around the seal ring to circumferentially
surround the seal ring, each clamp ring section having tabs which cooperate
with corresponding tabs on another clamp ring section to permit assembly of the
clamp ring sections around the seal ring; and assembling sections of a split
housing around the shaft, the housing sections including first and second
notches, with this step of assembling including positioning the tabs in the

notches to restrict relative rotation between the housing and the clamp ring.




10

15

CA 02284257 1999-09-20

WO 99/11933 PCT/US98/17290

=Ix LESCRIPTION OF THE DRAWIN
FIG. 1 is a cross-sectional view of a mechanical split seal showing
assembled parts of a rotating seal ring component kit incarporating the

teachings of the subject invention;

FIG. 2 is an exploded isometric view of the parts of a rotating seal ring

component kit illustrated in FIG. 1;

FIG. 3 is a sectional view of the rotating seal ring component of Fig. 1

taken along the line 3-3;

FIG. 4 is an enlarged fragmentary view of the tabs and notches of the

rotating seal ring component of FIG. 1;

FIG. 5 is a cross-sectional view of an alternative embodiment of an
assembled rotating seal ring component kit incorporating the teachings of the
present invention;

FIGs. 6 and 7 are cross-sectional views of yet additional alternative
embodiments of an assembled rotating seal ring component kit incorpqrating

the teachings of the subject invention;

FIG. 8 illustrates the bending moment in a pair of rigidly assembled seal
ring sections subjected to two axial forces 180 degrees apart and to balancing
system forces extending along the periphery of the assembled seal ring

sections: and
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FIG. 9 is a sectional view of yet another embodiment of assembled parts of

a rotating seal ring component kit incorporating the teachings of the present
invention.

FIG. 10 is an enlarged, fragmentary view of the tabs and of an alternative

embodiment of the notches of the rotating seal ring component of FIG. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the present preferred embodiment
of the subject invention as illustrated in the accompanying drawings.

Simply stated, the subject invention is directed toward parts of a rotating
seal ring component for a mechanical split seal which make up a kit in
disassembled form and which make up an actual rotating seal ring component in
assembled form, which rotating seal ring component may be utilized in a
conventional mechanical split seal. For example, there is included in FIG. 1 a
cross-sectional view of parts of a prior art mechanical split seal of the type
illustrated in the Sandgren patent referenced above which may be used with the
rotating seal ring components incorporating the teachings of the subject invention
as are also shown in FIG. 1. Thus, it should be understood that the subject
invention is directed only toward the parts of the rotating seal component kit and
is not directed toward the additional portions of a conventional or prior art

mechanical split seal. Those additional portions illustrated in FIG. 1 are,

therefore, by way of example and not limitation.
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The mechanical spiit seal illustrated in FIG. 1 is assembiled about a shaft
10. The mechanical split seal of FIG. 1 comprises stationary housing 12 which
includes gland 14, cap 16, gland packing 18, and gland screws 22. Cap 16
represents a stationary portion of a pump housing or the like through which
shaft 10 extends to form recess 24. It is the function of the mechanical split seal
of FIG. 1 to seal off recess 24 between shaft 10 and cap 16. Accordingly, gland
14 is retained to cap 16 in a sealed relationship through operation of cap screws
20. Gland packing 18 is interposed between cap 16 and gland 14 to provide a
sealed relationship. Gland 14 may be split into 180 degree portions and
fastened to each other through operation of gland screws 22 or in the
aiternative gland 14 may be constructed in a single unitary form.

The mechanical split seal of FIG. 1 includes a rotating seal ring

component described below and a non-rotating seal ring component 26. Non-
rotating seal ring component 26 is iilustrated in FIG. 1 as including a split non-
rotating seal ring 28, retaining or snap ring 30, finger spnng 32, finger spring
retainer 34, and o-ring 36.

As should be appreciated by those skilled in the art, split non-rotating seal
ring 28 may comprise a brittle material such as carbon that can be cracked into
two or more sections through the imposition of properly applied tension forces.

Depending upon the materials used, the walls at splits forming the sections can

-9-
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be relatively smooth or rough. Nevertheless, by reassembling the split sections
into a whaole non-rotating seal ring, a sealing surface may be defined. In the
embodiment of FIG. 1, split non-rotating seal ring 28 is held together through
the utilization of snap ring 30. Ring 30 is positioned in an outer circumferentially
positioned recess of split non-rotating seal ring 28. Thus, a person assembling
non-rotating seal ring component 26 would first position the sections of split
ndn-rotating seal ring 28 around shaft 10 in an aligned orientation, and push the
retaining or snap ring 30 into the outer circumferential recess in seal ring 28 to
hold those seal ring sections together. Once ring 30 is in place, it is typically
difficult if not impossible to realign the sections of seal ring 28 with respect to
one another, particularly when a brittle material is used to form seal ring 28 so
as to result in substantial roughness on the exposed walls of the splits in seal
ring 28. Accordingly, manual alignment of the sections of seal ring 28 is
required prior to positioning of ring 30 around seal ring 28.

After positioning of ring 30, and provided the rotating seal ring component
has already been positioned, gland 14 may be assembled over the outer
circumference of seal ring 28. In an embodiment in which gland 14 comprises
two separated halves, those halves are reassembled using gland screws 22. In
the case of a unitary gland 14, gland 14 is slid over the outer circumferential

surface of seal ring 28.

- 10 -
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As is shown in FIG. 1, o-ring 36 is interposed between gland 14 and seal
ring haives 28. Preferably, o-ring 36 is split into two sections but nevertheless
provides sealing‘ between shaft 10 and seal ring 28 and o-ring 36 also
preferably provides resilient support for seal ring 28 which prevents a bottoming
out or touching of seal ring 28 and gland 14. This may be accomplished, as
should be understood by those skilled in the art, through the choice of relative
dimensions for o-ring 36, the slot or recess in gland 14 holding o-ring 36, the
inside circumferential opening defined by gland 14 and the outer circumferential
surface defined by that portion of seal ring 28 adjacent o-ring 36. Preferably a
meaningful gap is maintained between gland 14 and seal ring 28 during
operating conditions.

Conventionally, seal ring 28 is urged axially aiong shaft 10 toward a
rotating seal ring which will be described below. This urging is accomplished in
the embodiment of Fig. 1 through operation of finger spring 32. Finger
spring 32 preferably comprises a split annular finger spring in the form of a
diaphragm spring having radiaily énwardly extending segments or fingers that
may be of equal dimensions and that are separated by radial grooves. The split
in finger spring 32 preferably is oriented so as to position two of the fingers
across the splits defining the sections of seai ring 28. In addition, it is preferable

that the rear portion of seal ring 28 which comes in contact with finger spring 32

-11 -
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has at least one indent into which a finger of spring 32 may be inserted so as to
prevent relative rotation of seal ring 28 with respect to finger spring 32 and,
therefore, with respect to gland 14. This is a simple and preferable
arrangement for maintaining seal ring 28 stationary. Finger spring retainer 34
preferably is also split and is dimensioned to protect finger spring 32 while at the
same time permitting a certain degree of flex in the fingers of finger spring 32.
However, it should be understood that the invention which 1s the subject of this
application may be practiced with a non-rotating seal ring component not

employing the specific features of the non-rotating seal ring component 26

illustrated in FIG. 1.

In accordance with the teachings of the present invention there is
provided a rotating seal ring component kit comprising a number of parts
including at least a seal ring having a split dividing the seal ring into at least two

sections configured to fit around the shaft, a clamp ring having a split dividing

the clamp ring into at least two sections configured to circumferentially surround
the seal ring halves, and a housing having a split dividing the housing into at

least two sections configured to fit around the shaft, with the ciamp nng and the

housing including respective tabs and notches oriented to prevent rotation of

the clamp ring relative to the housing.

-12 -
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A preferred embodiment of the present invention shown in FiG. 1
includes, by way of example and not limitation, a rotating seal ring component
40. Rotating seal ring component 40 is shown to comprise a seal ring 42, a
clamp ring 44, a housing 46, and a retainer or snap ring 48. As noted in the

background, the term "halves" or "sections" as applied to the seal nng, the

clamp ring, and the housing is not meant to be limited to two identical pieces but
rather is meant to convey that each of these items is divided or spiit into two or
more pieces circumferentially. Thus, the terms "halves” or "sections” as used
throughout this application should be broadly interpreted to encompass a
configuration in which the seal ring, clamp ring and/or housing was
circumferentially divided into any number of circumferential pieces either of the
same or different circumferential dimension.

As might be better seen in FIG. 2, seal ring 42 has a split 50 dividing seal
ring 42 into at least two sections 42', 42" For example, split ring 42 may
comprise a generally conventional split seal ring made up of conventional seal
ring materials such as carbon which has been split, cracked or otherwise
separated into two separate halves. Preferably, as to split ring 42, each split

leaves a jagged or rough edge of sufficient contour so as to retard and/or

prevent any relative movement of the ends once manually aligned and split ring

42 is reassembled into a rigid non-split ring by operation of clamp ring 44.

-13 -




10

15

CA 02284257 1999-09-20

WO 99/11953 PCT/US98/17290

Features which may be said to distinguish seal ring 42 from a
conventional seal ring include the imposition of an outer circumferential groove
§2 and an outer circumferential recess 54. As will be explained in more detail
below, outer circumferential groove 52 preferably has an axial width greater
than the axial width of clamp ring 44 to thereby permit a general orientation or
pasitioning of clamp ring 44 about the outer circumference of seal ring 42. In
addition, as will be discussed in more detail below, recess 54 is preferably
included within groove 52 and has sufficient dimension to receive snap ring 48
while nevertheless permitting assembly of clamp ring 44 over snap ring 48.

When assembled, as should be appreciated by those skilled in the art,
seal ring 42 presents a rotating sealing surface to non-rotating seal ring 28 so
as to form an effective fluid seal of recess 24 within stationary housing 12.

Clamp ring 44 has a split 51 dividing clamp ring 44 into at least two

sections 44'. 44." The term "split" is meant to reference a division into two parts,

which may be accomplished either by splitting a solid part or by fabricating two
separate parts. It is preferable that clamp ring 44 be formed from two
separately fabricated parts and that clamp ring 44 forms an essentially closed

ring which extends less than 360 degrees when placed around clamp seal nng

42. thus resulting in a gap 62 (see Fig. 4) between the ends when clamped

together. This gap allows clamp ring 44, when circumferentially positioned

.14 -
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around seal ring 42, to clamp seal ring 42 into a rigid non-split ring
configuration. Clamp ring 44 may, for example, be formed from a bent strip of
stainless steel, but also might be constructed through machining of a solid ring
of metal. The ends of clamp ring 44 extend radiaily outward to form tabs 56 as
best seen in FIG. 2. As will be discussed in more detail below, tabs 56 are
configured to engage notches in housing 46 to ﬁxedly position clamp ring 44
with respect to housing 46. Housing 46 has a split 72 dividing housing 46 into
at least two sections 46°, 46". Housing 46 is preferably fabricated by actualily
cutting or separating a solid part into sections 46', 46", thereby creating split 72.
As noted above, in a preferred embodiment, seal ring 42 has been spiit so
as to provide rough fission walls on the outer surfaces of the split 50. Thus,
when the two (or more) seal ring sections 42', 42" are fitted together over the
shaft, the rough fissure walls at the resuitant splits may be utilized to accurately,
manually align the two sections together. After this alignment has been
manually accomplished, snap ring 48 is inserted in place to hold seal .ring
sections 42', 42" in alignment. Preferably the opening of snap ring 48 should be
positioned at the split of one of seal ring sections 42', 42", as shown in Fig. 2.
This operation may be accomplished by a single operator without the need for
involvement of multiple individuals. The operator undertaking this assembly

must assure through sight and/or feel that seal ring sections 42°, 42" are

-15 -
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properly aligned since there preferably can be and will be no relative movement
of seal ring sections 42', 42" once there has been complete assembly of the
rotating seal ring component parts. it should be understood that while recess
54 is helpful in providing a rough alignment of seal ring sections 42', 42°, there
IS No need for a high degree of accuracy in the positioning of recess 54 into
which snap ring 48 is inserted provided there is reliance on manual alignment of
seal ring sections 42', 42", through physical touch and/or sight. Thus, the width
of recess 54 into which snap ring 48 is inserted may be slightly larger than the
width of snap ring 48.

After positioning of snap ring 48, clamp ring 44 is next assembled around
the outer circumference of seal ring 42.

As will be discussed in more detail below, split 50 in seal ring 42 is
preferably mis-aligned with split 51 in clamp ring 44 by approximately 30 to 30
degrees. To accomplish this mis-alignment a mis-alignment mark 58 may be
imprinted, engraved or otherwise affixed to seal ring 42 at a radial position 30 to
50 degrees from split 50 in seal ring 42. More preferably, this radial position Is

in the range of 37 to 39 degrees from split 50 in seal ring 42. Thus, the operator

‘'who is assembling the rotating seal ring component kit simply aligns

mis-alignment mark 58 with split 51 between tabs 56 of clamp ring 44 to assure

the requisite radial mis-alignment between seal ring 42 and clamp ring 44.

- 16 -
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Prior to closure, clamp ring 44 fits loosely, axial in the outer circumferential

10

15

groove 52 of seal ring 42 so that alignment between two seal ring sections 42 1s
completely dependent upon the rough fissure walls which had been utilized to
assure manual alignment prior to insertion of snap ring 48. The purpose of
clamp ring 44 is to rigidly and securely hold seal ring 42 together into a rigidized

non-split configuration without relative axial movement between seal ring

sections 42' 42".

The above-described configuration is best utilized when the split walls of
seal ring 42 are rough. In the case where the seal ring material used resuits in
smooth breakage at the splits, there may be a need to provide additional
external alignment of the seal ring sections. An alternative embadiment to
accomplish this result is shown in FIG. 5. In FIG. 5, clamp ring 90 is made from
machining a ring with two cone angles that mate accurately with corresponding
machine grooves in the outside diameter of seal ring 92. Tightening of clamp
ring 90 forces the sections of seal ring 92 into alignment. The configuration of
FIG. 5 may be utilized with or without an auxiliary snap ring as illustrated by
snap ring 48 of FIG. 2. Obviously, alignment in the embodiment of FIG. 3 is

critically dependent upon the accuracy of the machined grooves in seal ring 92.

Therefore, the preferable method is to use a seal ring material which results in a

-17 -
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sufficiently rough split to accomplish manual alignment without the need for any
external alignment mechanism of the type shown in FIG. 3.
As may be best seen in FIG. 4, clamp ring 44 is configured so as to

maintain a gap 62 between protruding parts or tabs 56 after assembly around

5 seal ring 42. This gap 62 is intentional so as to allow tight, rigid connection

between clamp ring 44 and seal ring 42. Screws 64 may be utilized in

conjunction with corresponding threads 66 to assure that clamp ring 44 is tightly
secured around seal ring 42. Preferably, screws 64 are captive so as to
facilitate assembly. In the aiternative, one of screws 64 may be replaced with a
10 hinge 71as illustrated, for example, in FIG. 8. Of course, it should be
understood that other fastening devices such as boits, clamps, clips, latching
levers or the like may be used in place of screws 64, provided that a sufficiently
tight fit is accomplished between clamp ring 44 and seal ring 42 so as to
preclude any possibility of axial mis-alignment of seal ring sections 42' 42" once
15 manual alignment has been achieved.
To assure a solid, metal-to-metal mounting relationship between clamp
ring 44 and housing 46, housing 46 is provided with a plurality of machined
openings or notches 70 in that portion of housing 46 which would otherwise

cover the outer circumferential surface of clamp ring 44. Specifically, as shown

in FIGS. 2 and 4, notches 70 are configured at split 72 of housing 46 to have a

-18 -
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varying width in the axial direction. For example, the axial dimension or width of
the tabs 56 is preferably less than one axial or width dimension of notches 70
and greater than a second axial or width dimension of notches 70. As
illustratively shown in FIG. 4, the axial dimension or width of tabs 56 is shown
as dimension "a" the axial dimension or width of notches 70 at spiit 72 between
clamp ring sections 44', 44" is "b", where "b" is greater than "a"; and the width or
axial dimension or notches 70 at the ends of notches 70 is "c", where "c" is less
than "a". Accordingly, during assembly, tabs 56 can be inserted into notches 70

provided they are positioned to align generally with split 72 between housing

sections 46'. 46." However, as any meaningful rotation occurs between clamp

‘ring 44 and housing 46, tabs 56 will quickly encounter the sidewalls of notches

70, since dimension "a" of tabs 56 is less than dimension "c” of notches 70. As
tabs 56 engage the interior walls of notches 70 there is a rigid, metal-to-metal
interconnection developed under the force of attempted continued relative
rotation which essentially locks clamp ring 44 rigidly into notches 70 of housing

46. Preferably, notches 70 are machined into housing 46 with a converging

angle so that, as noted above, upon relative rotation between clamp ring 44 and
housing 46, tabs 56 wedge the two units together providing both non-restliient

axial support and torque drive.
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As should be appreciated by those skilled in the art, the internal
circumferential dimension of housing 46 is selected so as to be slightly greater
than the external circumferential dimension of shaft 10 so as to afford a tight
and secure fit of housing 46 on shaft 10. Sealing may be accomplished in a
conventional manner between housing 46 and shaft 10 through the utilization of
sealing o-ring 80, which may also be split into sections. It should be understood
that o-ring 80 operates only as a sealing member and should not and need not
be configured to provide any measurable support to seal ring 42. As shown in

FiG. 1. it is intended that there be a separation or gap 82 between interior

wall 84 of the housing 46 and the non-sealing face interior wall 86 of seal ring
42. Gap 82 eliminates the need for any lapping of either the interior wall 84 of
housing 46 or the interior wall 86 of sealing ring 42 essentially the entire
support of sealing ring 42 being affected through the rigid interconnection of
clamp ring 44 with housing 46.

In the configuration shown in FIG. 1, sealing o-ring 80 operates to seal
shaft 10 to seal ring 42 and to housing 46. |n an alternative embodiment shown
in FIG. 6, the back of seal ring 42a is machined with a conical wall so that 0-fiNg
80 can operate durir:tg assembly to help center sealing ring 42a on shaft 10. In
a further alternative, sealing o-ring 80 may be replaced with sealing o-ring 896

and sealing o-ring 98 as shown in FIG. 7. Sealing o-ring 36 provides a seal
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between shaft 10 and housing 46 whereas, sealing o-ring 98 provides a seal
between the outer circumferential surface of seal ring 42b and housing 46. Seal
o-ring 96 also acts to help center sealing ring 42b on shaft 10. A gasket 100 is
positioned to effect a seal between o-rings 96 and 98. Gasket 100 is required if
the split 72 between housing sections 46°, 46" is not completely closed upon
assembly and friction is used to hold housing 46 on shaft 10. If the surfaces of
housing sections 46', 46" are machined smooth and permitted to close upon

assembly, gasket 100 is not required, but a set screw or the like (not shown) Is

then needed to fix housing 46 to shaft 10. In either event, the embodiment of
FIG. 6 is preferential to that of FIG. 7 since a single o-ring is providing the

sealing function of two o-rings and the embodiment of FIG. 7 results in a

mechanical split seal with more axial length.

As mentioned earlier, there preferably is a 30 to 50 degree mis-alignment
between the split in seal ring 42 and split S0 in clamp nng 44. This
mis-alignment is preferable because, as mentioned before, the interaction

between tabs 56 of clamp ring 44 and notches 70 of housing 46 provides fixed,

axial connection between seal ring 42 and housing 46 in two locations, 180
degrees apart; namely, the two locations where tabs 56 interact with notches

70. The resultant axial forces on these two locations balances all other system

forces on seal ring 42. Since these system forces are dispersed over the whole
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circumference of seal ring 42, they give rise to a bending moment in seal ring 42.

This bending moment, as shown in Fig. 8, has a positive maximum at the tabs 56
of clamp ring 44 and a negative for maximum bending moment 00 degrees
therefrom. In between, the bending moment passes through zero at

5 approximately 37 to 39 degrees, somewhat dependent upon the actual

dimensions utilized. By locating the fissure spiit 50 of seal ring 42 close to this

location, the performance of the disclosed design is enhanced. For example, in
testing a 5.25 inch diameter shaft seal, moving fissure split 50 from 90 degrees
from the clamping ring spiit 44, to a location of approximately 38 degrees,

10 improved the sealing of the design from leaking at 30 psig to leaking at 230 psig.
To assure the desired preset mis-alignment for any particular configuration, it is
preferable that mark 58 be affixed to sealing ring 42 as mentioned above.

Another major advantage of the present invention may be derived from the
lustration in FIG. 10 of an alternative embodiment of this invention as it relates to

15 the interaction between the tabs and notches. FIG. 10 illustrates a notch 170
having a preferable inventive configuration, while the other elements illustrated in
the eniarged fragmentary view are, in all respects, identical to the elements
llustrated in FIG. 4. The difference in shape of the notch 170 is an important
feature which provides for greater precision in the axial alignment of the seal ring

20 42 relative to the housing 46 of the split seal.

The notches of the split seal ring assembly, one notch 170 which is shown

in FIG. 10, differ from the notch 70 shown in FIG. 4. Although the width
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dimension of the notches 170 have the same relationship to the tab widths as is

described above in relation to notch 70 (FIG. 4), the notches 170 have sidewalls

172. 174, 176, some of which differ in shape from the sidewalls of the notch 70.

The notch 170 includes a pair of sidewalis 178 that extend axially in a

s direction parallel with the axis of shaft rotation. For the most part, sidewalls

are similar to the parallel sidewalls of the notch 70. However, the sidewalils which

do not extend parallel relative to the axis of shaft rotation differ therefrom in

having a sidewall 172 that extends in a plane perpendicular to the axis of shaft

rotation. The other two sidewalls 174,176 are angled relative to the plane

10 perpendicuiar to the axis of shaft rotation similar to the notch 70 (FIG. 4).

Sidewall 174 and sidewall 176 are at convergent angles relative to the

perpendicular sidewall 172, but converge in respect to different directions as they

extend away from a split meeting point 180. Thus, the axial width of notch 170

also increases from a width “c” untit the split meeting point 180, where the width

15 has a dimension “b,” and then decreases back to a width having a dimension ‘c

as when measured adjacent the axial sidewalls 178.

The configuration of notch 170 performs the same function as the notch 70

as described above. The width of the tabs has a dimension “a”" between the two

dimensions “b” and “c.” Thus, upon rotation of the shaft 10, the tabs are shifted

70 toward one of the parallel sidewalls 178. and a metai-to-metal rigid engagement

of the tabs with the sidewalls results. That is, one end of tabs 56 engages side-

wall 172 and the other end of tabs 56 engages, either sidewall 174 or sidewall

.23 -




10

15

CA 02284257 1999-09-20

WO 99/11953 PCT/US98/17290

176, depending on the direction of rotation of shaft 10. The engagement forces 3
rigid interconnection between the tabs and housing and precisely locates and
retains the rotational and axial position of the tabs 56 relative to the notch 170.
One maijor difference in the tab position relative to the shaft resuits from
the configuration of the notches 170. The perpendicular sidewall 172 wil maintain
the identically precise position of the seal ring 42 relative to the housing 46,
(sections 46, 46"). More importantly, the precise positioning of the tabs 56 ana
seal ring 42 relative to the interior wall 84 (FIG. 1) of the housing 46 provides a
much greater effective secondary seal provided by the O-ring 80. In operation,
the tabs 56 and the seal ring 42 are shifted axially by the convergent angles of
sidewalls 174 or 176 in a direction toward the interior housing wall 84, thereby
squeezing the O-ring 80, and providing a more effective secondary seal. Close
attention to tolerances and O-ring dimensions will permit the desired amount of O-
ring squeeze without generating unwanted stresses or movement in the system.
Additional features and advantages are provided by a perpendicular
sidewall 172. The seal ring face of seal ring 42 is more precisely positioned
relative to the shaft 10 and to the opposing seal ring face of seal ring 28 and
avoids excessive wear of the seal ring faces due to an unintended ihcrease in the

axial load provided by finger springs 32 (FIG. 1). Squareness of the sealing face

relative to the axis of rotation of the shaft 10 is ensured by a perpendicular

sidewall 172. For these reasons, the notch 170, having a perpendicular sidewall

172. is a preferred embodiment for a split seal of this invention.
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Additional advantages and modifications will readily occur to those skilled
in the art. The invention in its broader aspects is not, therefore, limited to the

specific detalils, representative methods and illustrative examples shown and

described. Accordingly, departures may be made from such details without

s  departing from the spint or scope of applicants' general inventive concept.
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CLAIMS: .

1. A rotating seal ring component kit comprising:

a seal ring having a split dividing said seal ring into at least two sections
configured to fit around a shaft;

a clamp ring having a split dividing said clamp ring into at least two sections
configured to circumferentially surround said seal ring, each clamp ring section
having tabs which cooperate with corresponding tabs on another clamp ring section
to permit assembly of said clamp ring sections around said seal ring sections; and

a housing having a split dividing said housing into at least two sections
configured to fit around the shaft, said housing including at least one notch for each
set of corresponding tabs, each notch configured to receive said tabs so as to
prevent rotation of said clamp ring and said seal ring relative to said housing.

2. A rotating seal ring component kit of claim 1, wherein said notches
have an interior configuration and said tabs have an exterior configuration to fixedly
hold said clamp ring in said housing upon initial rotation of said clamp ring.

3. A rotating seal ring component kit of claim 1, wherein the axial dimension

of said tabs is less than one axial dimension of said notches and greater than a

second axial dimension of said notches.
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4. A rotating seal ring component kit of claim 1, wherein said seal ring

includes an outer circumferential groove having an axial width greater than the axial

width of said clamp ring.

5. A rotating seal ring component kit of claim 4, further comprising a
snap ring and said seal ring includes in said groove an outer circumferential recess of
sufficient dimension to receive said snap ring and permit assembly of said clamp ring
over said snap ring. '

6. A rotating seal ring component kit of claim 1, wherein said tabs of said

clamp ring include either captured screws or corresponding threaded holes to receive

said screws.

7. A rotating seal ring component kit of claim 1. wherein said housing
includes a surface configured to surround said clamp ring.

8. A rotating seal ring component kit of claim 1, wherein said tabs extend
radially outward.

9. A rotating seal ring component kit of claim 1, wherein said seal ring
Includes at least one mark positioned to permit a preset radial mis-alignment between
said seal ring and said clamp ringl.

10.  Arotating seal ring component kit of claim 9, wherein said preset radial

mis-alignment positions of said seal ring sections are in the range of from 30 degrees

to 50 degrees from said tabs.
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11. A rotating seal ring component kit of claim 10, wherein said preset

radial mis-éiignment positions of said split of said seal ring sections are
approximately 38 degrees from said tabs.

12. A rotating seal ring component kit of claim 1, further comprising a
snap ring and said seal ring includes an outer circumferential recess of sufficient
dimension to receive said snap ring.

13. A rotating seal ring component kit of claim 12, wherein said recess is
of sufficient depth to permit assembly of said clamp ring halves over said snap ring.

14. A rotating seal ring component kit of any one of claims 1-13, wherein
said kit is assembled to form a rotating seal ring component.

15. A method of mounting a rotating seal ring component on a shaft
comprising the steps of

a. positioning sections of a split seal ring around the shaft;

b. assembling section of a clamp ring around said seal ring to
circumferentially surround said seal ring, each clamp ring section having tabs
which cooperate with corresponding tabs on another clamp ring section to
permit assembly of said clamp ring sections around said seal ring; and

- . assembling sections of a split housing around said shaft, said
housing sections including first and second notches, said step of assembling

said pair of housing sections including positioning said tabs into said notches

to restrict relative rotation between said housing and said clamp ring.
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16. A method of claim 15, including the step of positioning a snap ring in
an outer circumferential recess of said seal ring prior to said step of assembling
said clamp ring around said seal ring.

17. A method of claim 16, including the step of radially mis-aligning said
seal ring sections and said clamp ring sections so that the ends of said seal ring
sections are in the range of 30 degrees to 50 degrees from said tabs.

18. A method of claim 17, wherein said mis-alignment is approximately
38 degrees.

19. A rotating seal ring component kit comprising:

seal ring means for forming a split ring seal,

first means for holding said seal -ring means together;

second means for holding said seal ring means together, said second means
including at least one projecting member;

housing means for coupling said seal ring means axially to a shaft and for
preventing relative rotation between said housing means and said second means
by engagement of said projecting member; and

means for establishing a preset radial mis-alignment between said seal ring
means and said second means.

20. A rotating seal ring component kit of claim 19, wherein said kit is
assembled to form a rotating seal ring component.

21. A rotating split seal ring assembly comprising

a seal ring having a split dividing said seal ring into at least two sections

configured to fit around a shaft having an axis of rotation;
29
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a clamp ring having a split dividing said clamp ring into at least two sections
configured to circumferentially surround said seal ring sections, each clamp ring
section having tabs which cooperate with corresponding tabs on another clamp ring
section to define connected tab pairs, connection of said connected tab pairs
causing said clamp ring sections to form a circumferential bond around said seal
ring sections and thereby effecting a seal ring having an essentially planar sealing
face; and

a housing having a split dividing said housing into at least two sections
configured to fit around the shaft, said housing including one notch corresponding
to each pair of corresponding connected tabs, each said notch configured to
receive said tabs so as to prevent rotation of said clamp ring relative to said
housing, each said notch being shaped and configured to include at least one set of
sidewalls perpendicular to the axis of shaft rbtation.

22.  The rotating split seal ring assembly according to Claim 21, wherein
the axial dimension of said tabs is less than a first axial dimension of said notches
and greater than a second axial dimension of said notches.

23. The rotating split seal ring éssembly according to Claim 22, wherein
each of said notches includes a first set of sidewalls extending axially relative to
said axis of shaft rotation, a second set of sidewalls extending generally
perpendicularly to said axis of shaft rotation, said second set of sidewalls meeting
adjacent a split in said housing to define a perpendicular notch wall, and a third set

of sidewalls meeting at a split meeting point adjacent a split in said housing, each
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of said third set of sidewalls being convergent with said perpendicular notch wall
from said split meeting point extending toward said first set of sidewalls.

24. The rotating split seal ring assembly according to Claim 23 wherein
said first axial dimension of said notches is measured from said split meeting point
to said perpendicular notch wall, and said second axial dimension is measured from
said third set of sidewalls to said perpendicular notch wall adjacent said first set of

sidewalls.

25. A method of mounting a rotating seal ring component on a shaft

comprising the steps of

a. positioning plural sections of a split seal ring around the shaft having
an axis of rotation; .

b. assembling sections of a clamp ring around said seal ring sections to
circumferentially surround said seal ring sections to effect a seal ring
having a generally planar sealing face, each clamp ring section having
tabs which cooperate with corresponding tabs on an adjacent clamp
ring section to permit assembly of said clamp ring sections around

said seal ring; and

C. assembling sections of a split housing around said shaft, said housing

sections including at least one notch for each set of connected tabs,
each notch further including at least one sidewall being perpendicular
to the axis of shaft rotation, said step of assembling said pair of
housing sections including positioning said tabs into said notches to

restrict relative rotation between said housing and said clamp ring.
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adjacent clamp ring section to permit assembly of said clamp ring
sections around said seal ring; and

assembling sections of a split housing around said shaft, said
housing sections including at least one notch for each set of
connected tabs, each notch further including at least one sidewall
being perpendicular to the axis of shaft rotation, said step of
assembling said pair of housing sections including positioning said
tabs into said notches to restrict relative rotation between said

housing and said clamp ring.
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