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DESCRIPTION

RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Patent Application Serial
Number 60/450797, entitled "Balanced Mechanical Seal Assembly", filed February 28, 2003.
This application is also related to Attorney Docket No. 302A, entitled "Balanced Mechanical
Seal Assembly,” filed on even date herewith.

FIELD OF THE INVENTION

[0002] The present invention relates to a balanced mechanical seal and more particularly to a
double balanced mechanical seal for providing a seal between a rotating shaft and a stationary
housing.

BACKGROUND OF THE INVENTION

[0003] Conventional mechanical seals are employed in a wide variety of mechanical
apparatuses to provide a pressure-tight and a fluid-tight seal between a rotating shaft and a
stationary housing. The seal is usually positioned about the rotating shaft, which is mounted in
and protrudes from the stationary housing. The seal is typically bolted to the housing at the
shaft exit, thus preventing loss of pressurized process fluid from the housing. Conventional
mechanical seals include face type mechanical seals, which include a pair of annular sealing
rings that are concentrically disposed about the shaft, and axially spaced from each other. The
sealing rings each have seal faces that are biased into physical contact with each other.
Usually, one seal ring remains stationary, while the other ring contacts the shaft and rotates
therewith. The relatively rotating, contacting seal faces isolate and seal a pressurized liquid,
i.e., the process fluid, along the rotating shaft. The mechanical seal prevents leakage of the
pressurized process fluid to the external environment by biasing the seal ring sealing faces into
physical contact with each other.

[0004] To cool the seals and to aid in preventing any passage of process fluid across the seal
faces, a second pressurized liquid, i.e., a barrier fluid, is often introduced to the seals on the
side of the seal faces opposite that in contact with the process fluid. Springs normally bias the
seal faces together. In balanced seal arrangements, the pressurized fluids are also applied to
piston areas defined on the sides of the seal members opposite the seal faces to aid in closing
the seal faces. This relationship minimizes heat generation from the frictional contact of the
seal faces while maintaining a closing force on the seal faces sufficiently high to ensure proper
sealing. It is also desirable to minimize the contact area of the seal faces so as to minimize
heat generation as the seal faces rotate relative to each other. Additionally, when a barrier fluid
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is employed, a double seal arrangement is utilized in which the process fluid is confined to one
end of the seal and the barrier fluid to the center of the seal with relatively rotating seal faces
on either side of the barrier fluid.

[0005] In one type of double balanced seal in the prior art, both fluids have access to the rear
of the seal members opposite the seal faces, and the desired balance ratio of the piston area
to the seal face contact area is achieved by providing O-rings slidable in their O-ring grooves
behind the respective seal faces of the seal members. Thus, the O-rings slide in the grooves to
permit application of fluid pressure from the fluid having the highest pressure to the
appropriate piston areas on the sides of the seal members opposite the seal faces. Springs
may be located within the seal on either side of the seal faces and may be exposed to either or
both of the process and barrier fluids.

[0006] Prior double-balanced mechanical seal assemblies have significant drawbacks. First,
the piston areas in prior double-balanced mechanical seal assemblies are dependent upon the
size and configuration of the O-rings. As the inner and outer diameters of the O-rings define
the balance pressure points for the respective fluids, the radial contact dimension of the seal
faces must be sufficiently large to account for the thickness of the O-rings. This limits the
design of the seal faces for which minimum contact area is desired to reduce heat generation.

[0007] An additional drawback of double-balanced mechanical seal assemblies of the prior art
is that the double-balanced seal does not operate efficiently under reverse pressure
conditions. Under reverse pressure conditions, the O-rings slide in their grooves to achieve
sealing. Furthermore, the process fluid, which may be dirty and include contaminants, causes
dirt and other particles to get caught in the sliding O-ring interface, which causes wear and O-
ring hang-up over time, thereby negatively impacting seal performance.

SUMMARY OF THE INVENTION

[0008] The present invention provides a mechanical seal for providing a fluid-tight seal
between a rotating shaft and a stationary housing. The mechanical seal is defined in the
appended claims and comprises a first pair of relatively rotatable annular seal members for
sealing and separating a process fluid from a barrier fluid. The first pair of relatively rotatable
annular seal members comprises a first rotatable seal ring having a rotary seal face and a first
stationary seal ring having a stationary seal face engaging the rotary seal face. The first pair of
seal members further includes generally radially extending piston areas on the rear sides of
the primary seal members for biasing, under pressure, the seal faces together. The piston
areas are at least in part defined by a movable shuttle member that is connected to the rotary
seal ring and a sleeve, which is in turn connected to the rotating shaft. Under normal operating
conditions, when the process fluid pressure is greater than the barrier fluid pressure, the
process fluid exerts a force on a first piston area A of the rotary seal ring to bias the seal faces
together. Under reverse operating pressure conditions, when the barrier fluid pressure is
greater than the process fluid pressure, the barrier fluid exerts a force on a second piston
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area, e.g., the piston area B of the stationary seal ring, to bias the seal faces together. The
piston areas are smaller than the overall contact area of the seal faces. The first piston area is
substantially identical in size to the second piston area to provide a balanced seal arrangement
for operating under both standard (positive) and reverse (negative) pressure conditions.

[0009] The mechanical seal can optionally further include a second pair of annular seal
members providing a secondary seal between a barrier fluid and atmosphere, and defining a
second pair of annular, radially extending, opposed seal faces therebetween. The second pair
of seal members includes a pair of secondary piston areas on the rear sides of the secondary
seal members opposite the seal faces for biasing the seal faces together.

[0010] The mechanical seal of the invention can include a sleeve, first and second pairs of
relatively rotatable seal members having first and second radially extending opposed seal
faces forward therebetween. The seal faces can contact each other over predetermined
contact areas. The sleeve has a flange at one end thereof defining a stop for a movable shuttle
member. The rotary seal ring of each pair of seal members are assembled on the sleeve for
rotation therewith. The other or stationary seal rings are adapted for connection to a stationary
structure. The movable shuttle member overlies a top surface of the sleeve flange and the first
rotatable inboard seal member and slides between different positions in response to varying
pressure conditions to define one of two possible piston areas. VWhen the process fluid
pressure is greater than the barrier fluid pressure, that is when the mechanical seal is
operating in a standard or positive pressure condition, the shuttle member slides toward the
shuttle stop formed on the sleeve, defining a first piston area A that is exposed to the process
fluid. When the barrier fluid pressure is greater than the process fluid pressure, that is when
the seal is operating in a reverse or negative pressure condition, the shuttle piece slides
toward the first rotatable seal member, defining a second piston area B, that is exposed to the
barrier fluid. The process and barrier fluids generate a closing force on the seal faces to keep
them in contact with each other.

[0011] Advantageously, a seal according to the present invention provides fixed,
predetermined piston areas on the sides of the rotary seal members opposite the seal faces to
provide a predetermined and predictable closing force on the seal faces under varying
pressures, even under reverse pressure conditions. An individual piston area is exposed to
only one of the fluids, although other arrangements are contemplated by the present invention.
Further, the contact area of the seal faces may be optimized without any limitation imposed by
the size of the O-rings defining the balance pressure points. Because it is possible to design
seal faces having a small contact area, heat generation in operation of the seal is minimized.
Furthermore, in order to apply a pressure force to close the faces, the movable parts slide over
interfaces of the mechanical seal that do not contact the dirty process fluid, and are therefore
not subject to clogging or restriction.

[0012] According to one aspect of the invention, a mechanical seal for mounting to a housing
containing a rotating shaft is provided. The mechanical seal comprises a gland, a rotary seal
ring having a rotary seal face, a stationary seal ring having a stationary seal face engaging the
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rotary seal face and a shuttle member positioned relative to one of the rotary seal ring and the
stationary seal ring. The shuttle member is axially movable between a first position and a
second position in response to changing pressure conditions within the mechanical seal. The
shuttle member is positioned adjacent a non-seal face of one of the seal rings when disposed
in the first position and when subjected to a first pressure condition. The shuttle member is
axially separated from the non-seal face of the seal ring when disposed in the second position
when subjected to a second pressure condition different from the first pressure condition.

[0013] According to another aspect of the invention, a method in a mechanical seal for
mounting to a housing containing a rotating shaft is provided. The mechanical seal includes a
gland, at least one pair of seal members disposed at least partially within the gland, the seal
members including a rotary seal ring having a rotary seal face and a stationary seal ring having
a stationary seal face engaging the rotary seal face, and a shuttle member positioned relative
to one of the rotary seal ring and the stationary seal ring. The method comprises axially
moving the shuttle member between a first position and a second position in response to
changing pressure conditions within the mechanical seal. The shuttle member is positioned
adjacent a non-seal face of one of the seal rings when disposed in the first position and when
subjected to a first pressure condition, and is axially separated from the non-seal face of the
seal ring when disposed in the second position when subjected to a second pressure condition
different from the first pressure condition.

[0014] Other features and advantages of the invention will be apparent from the following
description of the preferred embodiment thereof and from the claims.

DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1A is a cross-sectional view of a mechanical seal according to an illustrative
embodiment of the invention, where the process fluid in the seal has a pressure that is greater
than the pressure of the barrier fluid, i.e., a positive or standard pressure condition.

Figure 1B is a cross-sectional view of the mechanical seal of Figure 1A, wherein the pressure
of the barrier fluid is greater than the pressure of the process fluid, i.e., a reverse or negative
pressure condition.

Figure 2A is an enlarged fragmentary view of a portion of the cross-sectional view of Figure
1A

Figure 2B is an enlarged fragmentary view of a portion of the cross-sectional view of Figure
1B.

Figure 3Ais a cross-sectional view of a mechanical seal according to an alternate embodiment
of the invention, wherein the process fluid in the seal has a pressure that is greater than the
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pressure of the barrier fluid, i.e., a positive or standard pressure condition.

Figure 3B is a cross-sectional view of the mechanical seal of Figure 3A, where the pressure of
the barrier fluid is greater than the pressure of the process fluid, i.e., a reverse or negative
pressure condition.

Figure 4Ais a cross-sectional view of a mechanical seal according to another embodiment of
the invention, wherein the process fluid in the seal has a pressure that is greater than the
pressure of the barrier fluid.

Figure 4B is a cross-sectional view of the mechanical seal of Figure 4A, wherein the pressure
of the barrier fluid is greater than the pressure of the process fluid.

Figure 5 is a cross-sectional side view of another embodiment of the mechanical seal of the
present invention having a shuttle member disposed adjacent to a stationary seal ring.

DETAILED DESCRIPTION

[0016] The present invention provides a mechanical seal for mounting to a stationary housing
that contains a rotating shaft. The primary seal ring of the inboard seal is arranged to be
double balanced so that pressure reversals can be tolerated without loss of closing force. The
invention will be described below relative to illustrative embodiments. Those skilled in the art
will appreciate that the present invention may be implemented in a number of different
applications and embodiments and is not specifically limited in its application to the particular
embodiments depicted herein.

[0017] The terms "process medium" and "process fluid" as used herein generally refer to the
medium or fluid being transferred through the housing. In pump applications, for example, the
process medium is the fluid being pumped through the pump housing.

[0018] The terms "axial" and "axially" as used herein refer to a direction generally parallel to
the shaft axis. The terms "radial" and "radially” refer to a direction generally perpendicular or
orthogonal to the shaft axis.

[0019] The term "shuttle member" as used herein is intended to include any structure suitable
for movement, either axially, radially, or both, between multiple positions within the mechanical
seal to enable, assist or facilitate the application of proper closing pressure forces to one or
more seal rings when exposed to various pressure conditions (positive and/or negative
pressure conditions) to help retain sealing engagement of the seal faces. The shuttle element
can be configured to house one or more sealing elements, or none if desired, for sealing one
or more seal fluids. According to a preferred embodiment, the shuttle element as used and
defined herein is not intended to cover a member or device that includes only an O-ring.
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Although various embodiments are disclosed herein, the shuttle member can be configured in
many different ways. For example, one of ordinary skill, in light of the teachings of the present
invention, is capable of configuring or providing a proper shuttle member configuration when
considering one or more of the pressure conditions within the seal, the type of seal, the type,
number and configuration and location of the seal rings, the type of application, and various
other considerations. Those of ordinary skill will also recognize that the shuttle element can be
positioned at different locations, and need not necessarily be positioned adjacent the rotary
seal ring. For example, the shuttle element can be positioned adjacent the stationary seal ring.
The shuttle member can also comprise one or more parts or components, and hence can form
an assembly or be provided as part of an assembly. Not all parts of the assembly need be
movable.

[0020] The term "mechanical seal" as used herein is intended to include various types of
mechanical seals, including single seals, split seals, tandem or dual seals, gas seals, spiral
seals, and other known seal types and configurations.

[0021] The term "gland" as sued herein is intended to include any suitable structure that
enables, facilitates or assists securing the mechanical seal to a housing, while concomitantly
surrounding or housing, at least partially, one or more seal components. If desired, the gland
can also provide fluid access to the mechanical seal.

[0022] Referring now to the drawings and more particularly to FIGS. 1A and 1B, a mechanical
seal 10 according to an illustrative embodiment of the invention is concentrically mounted on a
pump shaft 12 and is secured to a pump housing 14 by bolts (not shown) passing through the
bolt tabs 38. The shaft 12 extends along a first axis 13. The mechanical seal 10 extends
partially into the stuffing box 18 of the pump housing 14. The mechanical seal 10 is
constructed to provide fluid sealing between the housing 14 and the shaft 12, thereby
preventing a pressurized process fluid 19 from escaping the housing 14. Fluid sealing is
primarily achieved by a first or inboard pair of primary seal members, forming a first or inboard
seal, comprising a rotary seal ring 42 and a stationary seal ring 54, each having a radially
extending arcuate seal face 46 and 58, respectively. The seal faces 46 and 58 of the inboard
primary sealing members are biased into sealing relationship or engagement with each other,
as described in greater detail below. A second or outboard pair of primary seal members,
forming a second or outboard seal, comprises seal rings 42' and 54'. The seal rings are axially
spaced from the first pair of relatively rotatable seal members 42 and 54. The secondary seal
rings 42' and 54' have seal faces 46' and 58' that are biased into sealing relationship with each
other to provide additional sealing. The first and second pair of primary seal members form a
dual or tandem mechanical seal. Examples of conventional tandem seals are described in U.S.
Patent Numbers 5,213,340, 5,333,882, and 5,203,575. The individual seal surfaces form a
fluid tight seal operable under a wide range of operating conditions and in a wide range of
services, as described in greater detail below.

[0023] According to an alternate embodiment, one or more of the seal rings 42, 42', 54 and 54"
can be split into a plurality of seal ring segments having segment sealing faces biased into
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sealing relationship with each other according to known techniques.

[0024] The illustrated mechanical seal 10 includes a sleeve 20 rotatably coupled to the shaft
12, and holds the rotary elements of the mechanical seal 10. At the axially inboard end of the
sleeve 20, i.e., the end inserted into the stuffing box 18, a first groove 22 formed on the inner
periphery of the sleeve 20 receives a first sealing element, such as O-ring 24, disposed
adjacent the shaft 12 to prevent process fluid from passing from the pump between the sleeve
20 and the shaft 12. A second sealing element, such as O-ring 78, is provided in a second
groove 76 spaced axially outward from the first groove 22 on the inner periphery of the sleeve
20, toward the outboard end of the mechanical seal, to prevent leakage of barrier fluid
between the sleeve 20 and the shaft 12. The sleeve 20 includes a flange 26 at an inboard end
thereof having a radially extending face or wall 28. The flange can be integrally formed with the
sleeve or can be provided as a separate component. A movable shuttle member 27 and a
shuttle stop 29 are disposed on, overlie, or are positioned adjacent to the axially extending
outer radial wall 26A of the flange portion of the sleeve 20. A portion of the shuttle member 27
overlies the flange 26. The stop 29 may be integrally formed with or mounted on the wall 26A
through means known in the art. The stop 29 has an outer diameter smaller than the inner
diameter of the stuffing box 18. The details of the shuttle member 27 and the shuttle stop 29
will be described in detail below.

[0025] The primary rotary seal ring 42 is mounted on the sleeve 20 axially outwardly and away
from the flange 26. As shown in detail in Figures 2A and 2B, the rotary seal ring 42 has a
relatively wide seal portion 48 extending from an inner diameter somewhat greater than the
outer diameter of the sleeve 20 to an outer diameter slightly smaller than the inner diameter of
the stuffing box 18. A narrow axially outwardly facing seal face 46 extends from the seal
portion 48 and engages the seal face 58 of the stationary member 54. Axially inwardly from the
seal portion 48 of the rotary seal ring, an axially extending surface or step 49 is provided
having an outer diameter smaller than the outer diameter of the seal portion 48 and helps to
define in combination with the seal portion 48 a first axially inwardly and radially extending wall
52. The wall is positioned on the side of the sealing portion 48 opposite the seal face 46. The
step 49 terminates in a second axially inwardly, radially extending wall 44 that is spaced axially
inwardly from the wall 52. The rotary seal ring 42 may include a plurality of notches on the seal
portion 48 inner diameter. The notches may engage bosses on the sleeve 20 for locking the
rotary seal member 42 to the sleeve 20 and/or the shuttle member 27 for rotation therewith.

[0026] The movable shuttle member 27 is configured to move between a first position where it
abuts the shuttle stop 29 (as shown in Figures 1A and 2A) and a second position where the
shuttle member 27 abuts the first facing wall 52 of the primary rotary seal member 42 opposite
the seal face 46 (as shown in Figures 1B and 2B). The movable shuttle member 27 comprises
an elongated annular ring configured to slide over the outer surfaces of the sleeve 20 and the
rotary seal ring 42. The shuttle member 27 oscillates or axially moves between the two
positions in response to varying pressure conditions within the mechanical seal.

[0027] For example, when the seal 10 is subjected to a positive pressure condition, i.e., when
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the process fluid has a higher pressure than the barrier fluid (as shown in Figures 1A and 2A),
a pressure differential results across the shuttle member 27 that forces the shuttle member to
move or slide to the first position, abutting or disposed adjacent to the shuttle stop 29. When
the barrier fluid 63 has a higher pressure than the process fluid (as shown in Figures 1B and
2B), a reverse pressure differential forces the shuttle member 27 to move away from the
shuttle stop 29 and into the second position, abutting the wall 52 of the rotary seal ring 42.

[0028] The shuttle member 27 comprises a carrier element having an axially disposed outer
portion 27a formed at one end and an axially disposed inner portion 27b formed at the
opposite end that is narrower than the axially outer portion 27a. The axial outer portion 27a of
the shuttle member 27 has an inner diameter defined by inner surface 45A that is slightly
greater than the outer diameter of the step 49 of the rotary seal ring 42 and has an outer
diameter defined by outer surface 45B that is slightly less than the inner diameter of the
stuffing box 18, such that the axially outer portion 27a overlies the step 49 of the rotary seal
ring 42. A first groove 32 is formed on the inner surface 45A of the shuttle member.
Specifically, the groove is formed in the axially outer portion 27a and receives a third sealing
element or O-ring 35 for sealing process fluid from barrier fluid in the seal. A surface or step 23
is provided axially inwardly from the axially outer portion 27a, having an inner diameter
increased relative to the inner diameter of the axially outer portion 27a and defining an axially
inwardly facing wall 53 on the side of the shuttle outer portion opposite the front wall 21 of the
shuttle member 27. The axially inner portion 27b of the shuttle member 27 has an inner
diameter slightly greater than the outer diameter of the flange 26 and an outer diameter slightly
less than the inner diameter of the stuffing box 18, such that the axially inner portion 27b
overlies and seals against the flange 26. The shuttle member includes a second groove 33
formed on the inner surface of the axially inner portion 27b, which seats a fourth O-ring 37, for
sealing process fluid from barrier fluid in the mechanical seal 10.

[0029] Referring again to Figures 1A-2B, the rotary seal ring 42 of the first pair of primary seal
members defines generally radially extending piston areas A, B on the non-seal face or rear
sides thereof. The piston areas are radially aligned with and smaller than the total contact area
of the seal faces 46, 58, each piston area being a predetermined fixed area equal to a major
portion of the contact area. Both piston areas extend radially inwardly from an outer diameter
of the seal rings and are in fluid communication with the inner periphery of the primary rotary
seal member 42. The first piston area A is disposed radially outwardly of the second piston
area B and allows process fluid 19 to exert pressure on a radially outward portion of the seal
face 46. The second piston area B allows the barrier fluid 63 to exert pressure on a radially
inward portion of the seal face 46. The radially outer piston area A serves as a piston area for
the process fluid and the radially inner piston area B serves as a piston area for the barrier
fluid. The primary rotary seal member 42 and the shuttle member 27 cooperate to permit
either the process fluid to exert pressure on the primary seal faces via the first piston area A or
the barrier fluid to exert pressure on the seal faces 46, 58 via the second piston area B,
depending on which fluid has a higher pressure. Each piston area transmits a net pressure
from one of the fluids toward the first pair of sealing faces. In each pressure condition, a
selected area of the seal face area is exposed to a closing pressure applied to or acting on one
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of the piston areas. According to a preferred embodiment, about 70% of the seal face area is
exposed.

[0030] By way of example, when the shuttle member 27 abuts the shuttle stop 29, as shown in
Figures 1A and 2A, the front wall 21 of the shuttle member 27 is axially spaced from the axially
inwardly facing wall 52 of the first rotary seal ring 42, opposite the seal face 46, to permit fluid
access therebetween, thus forming piston area A on the wall 52. Piston area A is defined by or
measured between the radially outermost edge of the seal face 46 and the step 49. The piston
area A is exposed to a force from the process fluid that is applied or transmitted to the radially
extending wall 52 to the seal face 46. The force arrows illustratively represent the closing force
generated by at least the process fluid 19 and applied to the piston area A (Figure 2A).

[0031] When the shuttle member 27 abuts the rotary seal member 42, as shown in Figures 1B
and 2B, the step wall 53 on the shuttle member 27 and the axially inwardly facing wall 44 on
the end of the rotary seal ring form piston area B opposite the seal face 46. More specifically,
the piston area B is defined by or measured between the radially innermost edge of the sealing
face 46 and the shuttle inner surface 45A. The barrier fluid 63 applies a force to the seal ring
on the piston area B of the seal face 46. The force arrows illustratively represent the closing
force generated by at least the barrier fluid and applied to the piston area A (Figure 2B). The
shuttle member 27 generates or applies a biasing or closing force to or against the seal ring 42
when disposed in this position to help maintain seal face contact. The size of the piston areas
A and B can be varied by adjusting the radial extent of the step 49 of the seal ring 42 and the
surface 45A of the shuttle member 27.

[0032] The stationary seal ring 54 is provided axially outwardly of the rotary seal ring 42. The
stationary seal ring 54 has a relatively wide seal portion 56 having a correspondingly wide,
axially inwardly facing seal face 58. The wide seal portion 56 extends from an inner diameter
somewhat greater than the outer diameter of the sleeve 20 to an outer diameter slightly
smaller than the inner diameter of the stuffing box 18. Outwardly of the seal portion 56 of the
stationary seal member 54, a secondary sealing portion 55 is defined by a step 60 at an outer
diameter reduced relative to the outer diameter of sealing portion 56 and defining an axially
outwardly facing wall 62 on the rear side of the sealing portion 56 opposite the seal face 58.

[0033] According to a preferred embodiment, the stationary seal 54 is made of silicon carbide
and the rotary seal member 42 is made of carbon. One skilled in the art will recognize that the
seal members may be formed of other suitable materials and are not limited to carbon and/or
silicon carbide.

[0034] Referring again to Figures 1A and 1B, the secondary pair of seal members 42' and 54"
are provided axially outwardly from the first pair of seal members 42 and 54 in a manner
similar to the orientation of the first pair of seal members. The second rotary seal ring 42' is
similar to the first rotary seal ring 42, and the corresponding portions thereof are designated
with the same reference numerals with a superscript prime. A difference between the rotary
seal ring 42 and the second rotary seal ring 42' is the axially inwardly facing wall 52' on the
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side of the sealing portion 48' opposite the seal face 46'. The axially inwardly facing wall 52' of
the secondary rotary seal ring 42' includes two steps 49a and 49b, resulting in two axially
spaced, inwardly facing walls 52a' and 52b' opposite the seal face 46'. As shown, the sleeve 20
is configured to overlie at least a portion of the second rotary seal ring 42'. The sleeve 20 and
the step 49b form a groove 32', which receives a sealing element, such as O-ring 35", for
sealing barrier fluid in the seal from the atmosphere or an external environment.

[0035] Similarly, positioned axially outwardly of the second rotary seal ring 42', a second
stationary seal ring 54', substantially identical to the first stationary seal ring 54, is provided,
with a seal face 58' contacting the seal face 46' of the second rotary seal ring 42'. The portions
of the second stationary seal ring 54' are designated with the same reference numerals with a
superscript prime, as the corresponding portions of the first stationary seal member 54.

[0036] The mechanical seal 10 preferably includes a gland 90 for housing one or more of the
seal components and for providing fluid passages through which the barrier fluid is introduced
to at least one of the first and second pairs of seal members. The barrier fluid transfers heat
away from the seal faces to reduce the effects of thermal stress on the seal faces and further
aids in preventing the passage of process fluid across the seal faces. The gland 90 is centered
on the stationary housing 14 and secured thereto. The gland has an inner surface 41 that is
radially spaced from an outer surface 51 of the sleeve to define a chamber 65 for the barrier
fluid. The gland 90 can include conventional grooves to house sealing components in order to
prevent process fluid from leaking. In particular, the illustrated gland 90 includes a groove 94
disposed at an inboard end, i.e. the end towards the housing 14, that is sized and configured
for seating a relatively flat gasket 96 that is placed in facing engagement with the housing 14.
The illustrated gland 90 further includes an O-ring 95 seated in a groove 97. The illustrated
gasket 96 prevents process fluid from leaking between the housing 14 and the mechanical seal
10. The illustrated O-ring 95 prevents leakage of barrier fluid.

[0037] According to alternate embodiments, the gland 90 includes a pair of generally identical
gland segments, or comprises an assembly of several gland segments.

[0038] The illustrated gland 90 may further include a plurality of bolt tabs 38 that extend
outwardly therefrom for mounting the gland and the seal assembly to the pump housing 14.
The bolt tabs have a main body that has an integrally formed inserting tab projection that is
adapted to mount in an annular channel formed in the outer surface of the gland 90. The
angular position of the bolt tabs 38 can be adjusted by sliding the tab projection in the channel.
The bolt tabs 38 help secure the mechanical seal to the housing 14 by seating mounting bolts
(not shown) between adjacent ones of the tabs. In use, the mounting bolt is inserted between a
pair of adjacent bolt tabs. The bolt tabs 38 are described in further detail in U.S. Patent No.
5,209,496, assigned to the assignee hereof.

[0039] The gland 90 further includes a flush port 110 formed between inner and outer surfaces
of the gland. The flush port 110 preferably allows communication between the chamber 65
formed between the gland 90 and the sleeve 20 and an external environment, or any selected
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fluid source coupled thereto. The flush port 110 can have any selected configuration, and is
preferably threaded in order to facilitate connection to any suitable fluid conduit. The flush port
110 may be utilized to introduce barrier fluid 63 to the chamber 65.

[0040] As shown, the gland 90 forms a first groove 91 with the primary stationary seal ring 54
and a second groove 91' with the secondary stationary seal ring 54'. The grooves 91, 91
receive O-rings 93, 93', respectively, which provide sealing between the gland 90 and the
stationary seal rings 54, 54'. The O-ring 78 mounted in the groove 76, the O-ring 35', and the
O-ring 93" all help seal the barrier fluid from atmospheric pressure.

[0041] A lock ring 66 is mounted on the sleeve 20 at the outer end thereof and mechanically
couples the sleeve 20 to the shaft 12. The lock ring 66 may include a radially enlarged outer
end having threaded apertures aligned with apertures for receiving fasteners locking the seal
assembly to the shaft 12 for rotation therewith. The enlarged end of the lock ring 66 also has
threaded apertures aligned with apertures in the sleeve 20 for receiving threaded fasteners
having cylindrical ends adapted to axially locate the seal components prior to assembly in a

pump.

[0042] In operation, the sleeve 20 rotates with the shaft 12 and carries with it the primary and
secondary rotary seal rings 42 and 42', as well as the lock ring 66 and other rotatable elements
of the seal 10. The stationary seal members 54, 54' are held in a stationary position by a lug
engaging the gland 90. Process fluid moves between the outer diameter of seal members 42,
54 and the inner diameter of the stuffing box 18. Barrier fluid circulates through the chamber
65. The relatively rotatable seal faces 46, 58 seal the process fluid at the stationary/rotary
interface and the O-ring 81 seals process fluid from passing beyond the stationary seal
member 54. The relatively rotatable seal faces 46', 58' of the secondary seal members seal
the barrier fluid within the seal 10.

[0043] When the process fluid pressure is greater than the barrier fluid pressure (standard
operating or positive pressure condition), as shown in Figure 2A, the net force caused by the
pressure differential pushes the shuttle member 27 towards the shuttle stop, such that the
shuttle member abuts the shuttle stop 29. Process fluid exerts a pressure on piston area A,
which transmits a closing force to the rotary seal face 46 to ensure a fluid tight seal between
the rotary seal ring 42 and the stationary seal ring 54. Piston area A extends between the fixed
outer diameter of the step 49 on the primary seal member 42 and the fixed outer diameter of
the rotary seal face 46.

[0044] When the barrier fluid pressure is greater than the process fluid pressure (reverse
operating or negative pressure condition), the barrier fluid pushes the shuttle member 27
towards the seal ring 42, as shown in Figure 2B, such that the front wall 21 of the shuttle
member 27 abuts the axially inwardly facing wall 52 of the first rotary seal ring 42. The barrier
fluid exerts pressure on the piston area B, which transmits a closing force to the rotary seal
face 46 to ensure a fluid tight seal between the rotary seal member 42 and the stationary seal
member 54. Piston area B extends from the fixed inner diameter of the seal face 46 to the
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fixed inner diameter of the step 23 on the movable shuttle member 27.

[0045] The O-ring 35 is free to move in the groove 32, depending on which fluid pressure force
is greater. The freedom of movement facilitates formation of the piston areas and application
of the closing force to the seal faces.

[0046] The barrier fluid, which generally has a higher pressure than the atmosphere, exerts a
pressure on the piston area A’ defined by the walls 52a', 52b' opposite the seal face 46' on the
second rotary seal ring 42' to bias the secondary seal faces 46', 58' together (shown in Figures
1A and 1B).

[0047] Each piston area is defined by the extent to which the associated wall or walls overlap
the contact area of the seal faces. In double balanced seal assembilies, it is preferable that the
closing force exerted on the seal faces in standard operating conditions be equal to the closing
force exerted on the seal faces in reverse operating conditions. The piston area for each
pressure condition can be designed to achieve the desired percentage of contact area of the
seal faces 46, 58. Preferably, piston area A is equal to between 50% and 100% of the contact
area of the seal faces 46, 58. More preferably, the piston area is between about 60% and
about 80% of the contact area of the seal faces 46, 58 and most preferably about 70%. Barrier
fluid entering through the ports 110 of gland 90 is sealed from the process fluid by the seal
faces 46, 58 and O-rings 35, 37 and 93 in grooves 32, 33 and 91, respectively. The barrier
fluid passes through the chamber 65 and exerts pressure on walls 52, 52' on the opposite
sides of rotary seal members 42, 42' from the seal faces 46 and 46, at piston areas B and A'.
These piston areas comprise between about 50% and about 100%, or preferably between
about 60% and about 80%, or most preferably about 70% of the contact areas of the seal
faces 46, 58 and 46', 58', respectively.

[0048] Advantageously, the contact area of the seal faces are not limited by O-ring size, and
hence are O-ring independent, and can be designed to be as small as feasible to minimize
heat generation. The piston areas A, A’ of the rotary seal members 42, 42', where pressure
from the process fluid and the barrier fluid, respectively, is applied, can each be somewhat
smaller than the face area of seal ring 42 in contact with stationary seal member 54, where
pressure from the process fluid is applied. The seal of the illustrative embodiment of the
invention always produces a net closing force on the seal faces, whether operating under
standard or reverse operating conditions.

[0049] Furthermore, the interface between the movable shuttle member and the rotary seal
member 42 is a clean surface. As a result, the movable shuttle member 27 does not slide over
a dirty surface, which significantly reduces wear on the shuttle member and prevents hang-ups
over time.

[0050] Figures 3A and 3B illustrate a mechanical seal assembly 100 according to an alternate
embodiment of the invention for mounting the stationary housing 14 to the rotating shaft 12.
The mechanical seal assembly 100 of Figures 3A and 3B is housed within the gland 90, though
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one skilled in the art will recognize that the seal assembly 100 may be located in any suitable
position relative to the gland 90. As shown in Figures 3A and 3B, a secondary pair of relatively
rotatable seal members or rings 460" and 540’ are radially inwardly spaced from a primary pair
of relatively rotatable seal members 460 and 540 in the seal 100. In Figure 3A, the process
fluid has a higher pressure than the barrier fluid, and in Figure 3B the barrier fluid has a higher
pressure than the process fluid.

[0051] Corresponding elements of the mechanical seal assembly 100 are configured similarly
to the mechanical seal assembly 10 illustrated in Figures 1A and 1B. For example, the rotary
seal rings have substantially the same configuration as the rotary seal rings of the mechanical
seal 10 of Figures 1A and 1B, but are located in different positions relative to each other.

[0052] The mechanical seal 100 includes a movable shuttle member 270 overlying and sealing
against a flange 260 of a rotary sleeve 200 and the primary rotary seal member 460. The
shuttle member 270 is substantially identical to the shuttle member 27. Similar to the shuttle
member 27 described with respect to Figures 1A-2B, the shuttle member 270 slides between a
shuttle stop 290 and the back surface 520 of the primary rotary seal member 460 in response
to varying pressure conditions. The shuttle member 270 defines and exposes piston areas A1,
B1 for biasing the seal faces 480, 580 together.

[0053] As shown in Figure 3A, when the process fluid pressure is greater than the barrier fluid
pressure, the movable shuttle member 270 is pushed toward and abuts the shuttle stop 290.
The front wall 210 of the shuttle member is spaced from the back wall 520 of the primary rotary
seal member 460 to allow process fluid therebetween, thus defining piston area A1. The
process fluid exerts a closing pressure on the seal faces 480, 580 via the piston area A1.

[0054] As shown in Figure 3B, when the barrier fluid pressure is greater than the process fluid
pressure, the pressure differential across the shuttle member 270 pushes the shuttle member
forward, such that the front wall 210 of the shuttle member abuts the back wall 520 of the
primary rotary seal member 420. The shuttle member defines a piston area B1 on walls 440
and 530, which translates a closing force to the seal faces 460, 580. The higher pressure
barrier fluid exerts a force on the piston area B1, which translates to the seal faces. The piston
areas A1, A1', and B1 comprise between about 50% and about 100%, preferably between
about 60% and about 80%, and most preferably about 70% of the contact areas of the
respective seal faces.

[0055] Figures 4A and 4B illustrate a mechanical seal assembly 1000 according to another
embodiment of the invention for mounting a stationary housing 14 to a rotating shaft 12. In the
mechanical seal assembly 1000 of Figures 4a and 4b, a secondary pair of relatively rotatable
seal members 4200 and 5400' are radially inwardly spaced from a primary pair of relatively
rotatable seal members 4200 and 5400. In Figure 4A, the process fluid has a higher pressure
than the barrier fluid and in Figure 4B, the barrier fluid has a higher pressure than the process
fluid.
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[0056] As shown, the mechanical seal assembly 1000 includes a primary pair of relatively
rotatable seal members for providing a fluid seal between a barrier fluid and a process fluid.
The mechanical seal assembly 1000 includes a secondary pair of relatively rotatable seal
members 4200' and 5400 axially aligned with and disposed radially inwardly from the primary
pair of relatively rotatable seal members. The seal assembly further includes a sleeve 2000
connected to the shaft, including a flange 2600 and a first O-ring 2400 in a groove 2200 for
sealing the process fluid from passing along the shaft, and a gland 9000 connected to the
stationary housing 14, including a gasket 9600 in a groove 9500 for sealing the gland against
the housing. The seal assembly further includes a first spring 98 and a second spring 99 for
providing an initial biasing force on the primary seal faces 4600, 5800 and the secondary seal
faces 4600' and 5800’ respectively.

[0057] A movable shuttle member 2700 is disposed between the flange, which defines a stop
for the shuttle member 2700, and the primary rotary seal member 4200. The shuttle member
2700 is configured differently that the shuttle members 27 and 270. The illustrated shuttle
member 2700 includes a carrier element that has a first end portion 270 that has a groove
2702 that seats a sealing element 2704. The shuttle member also includes a second rear
portion 2712 that is configured to be disposed within the flange portion of the sleeve 2000.

[0058] The movable shuttle member defines piston area A2 or B2, depending on the pressure
conditions of the seal 1000. The shuttle member 2700 comprises a main body 2701, an axially
forward portion 2702 and a neck 2703 connecting the main body and the axially forward
portion. The sleeve includes two arms 2001 and 2002. The first arm 2001 includes a groove
2005 having an O-ring 2006 for sealing against the outer surface of the main body 2701. The
second arm 2002 includes a groove 2007 having an O-ring for sealing against the secondary
rotary sealing member 4200'. The axially forward portion 2702 of the shuttle member 2700
includes a groove 2710 having an O-ring 2711 for sealing the process fluid from the barrier
fluid in the seal assembly 1000.

[0059] As shown, when the process fluid pressure is greater, the movable shuttle member
2700 abuts the first arm 2001, allowing process fluid to enter the space between the axially
inwardly facing wall 5200 of the primary rotary seal member 4200 and the front surface of the
shuttle member 2700 and exert a pressure on piston area A2, defined by the wall 5200 and
comprising between 50% and about 100% of the contact area of the seal faces. When the
barrier fluid pressure is greater, the movable shuttle member abuts the axially inwardly facing
wall 5200 of the primary rotary seal member. The axially inwardly facing wall 2750 of the
movable shuttle member defines piston area B2, which transmits a force from the barrier fluid
to the seal face. Piston area B2 is preferably between about 50% and about 100% of the seal
face contact area. The piston areas A2 and B2 preferably comprise between about 60% and
about 80% of the seal face contact area and more preferably about 70% of the seal face
contact area.

[0060] According to another embodiment of the invention, a mechanical seal includes a shuttle
member disposed adjacent to a rotary seal ring to define a piston area in response to a
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pressure condition, for example, as shown in Figure 5. In Figure 5, a mechanical seal 10000
includes a sleeve 20000 rotatably coupled to a shaft, which holds the rotary elements of the
mechanical seal 10000. A primary rotary seal ring 42000 is mounted on the sleeve 20000
using an O-ring 35000 and a pin 36000, or other suitable means. A primary stationary seal ring
54000 is connected to a stationary gland component 90000 and engages the primary rotary
seal ring 42000 to provide a sealed interface. A second or outboard pair of primary seal
members, forming a second or outboard seal, comprises seal rings 42000' and 54000'. The
secondary seal rings 42000' and 54000' have seal faces that are biased into sealing
relationship with each other to provide additional sealing. The first and second pair of primary
seal members form a dual or tandem mechanical seal. A movable shuttle member 27000 is
provided in connection with the primary stationary seal member 5400 for defining different
piston areas on the seal faces of the primary seal rings 42000 and 54000 in response to
different pressure conditions within the seal 10000.

[0061] As shown, the shuttle member 27000 includes an axial hole 27001 for receiving a pin
90027 inserted in the gland 90000. The pin 90027 prevents rotary movement of the shuttle
member 27000, while enabling the shuttle member 27000 to slide in an axial direction in
response to varying pressure conditions. The shuttle member 27000 preferably includes an O-
ring 2710 disposed in a groove for engaging an axially extending surface 54027 of the primary
stationary seal member. In the embodiment shown in Figure 5, an axially inner portion of the
shuttle member 27000 slides across the axially extending surface 54027 on an axially outer
portion of the stationary seal ring 54000 in response to different pressure conditions.

[0062] For example, under normal operating conditions, when the process fluid pressure is
higher than the barrier fluid pressure, the process fluid pushes the shuttle member 27000 to a
first position relative to the stationary seal member 54000, to expose a first piston area. The
first piston area transfer a closing force from the process fluid to the engaged seal faces on the
primary seal members to bias the seal faces together. Under reverse operating conditions,
when the barrier fluid pressure is greater than the process fluid pressure, the barrier fluid
pushes the shuttle member to a second position relative to the stationary seal member to
expose a second piston area for biasing the seal faces together.

[0063] The shuttle member 27000 may be spring biased to facilitate sliding of the shuttle
member between the first and second position.

[0064] In the embodiment shown in Figure 5, the use of a shuttle member coupled to a
stationary seal member enables the primary and secondary seal members to have the same
configuration, i.e., the seal member configuration does not have to be modified in order to
accommodate the shuttle member. The ability to have primary and secondary seal members of
the same configuration facilitates stocking, assembly and repair of the mechanical seal.

[0065] The present invention utilizes a movable shuttle member to define piston areas on the
back of a primary seal member through a variety of pressure conditions, even under reverse
pressure. The mechanical seal is configured to provide a closing force on the seal faces via a
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selected piston area. The piston area remains constant for all pressure conditions and is
generally less than the contact area of the seal faces.

[0066] The present invention provides significant advantages over double balanced seals of
the prior art. The mechanical seal of the present invention maintains a net closing force on the
seal faces regardless of pressure fluctuations, or even upon reversal of the pressures in the
liquids being sealed. The closing force is independent of the size, configuration and location of
the O-rings. In addition, to bias the seal face, the shuttle member slides over a clean surface,
which reduces clogging, improves performance and extends the operating life of the seal.
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Patentkrav

1. Mekanisk taetning (10) til at montere pa et hus indeholdende et roterende aksel
(12), idet naevnte mekaniske teetning (10) omfatter:
en forskruning (90);
mindst et par af teetningselementer (42, 54) anbragt mindst delvist inden i
forskruningen (90), idet naevnte teetningselementer inkluderer en
roterende teetningsring (42), der har en roterende taetningsflade (46) og en
stationaer taetningsring (54), der har en stationaer teetningsflade (58), der
indgriber den roterende taetningsflade (46); og
et shuttleelement (27) positioneret tilstgdende til den roterende
taetningsring (42) og som er aksialt bevaegeligt mellem en fagrste position
og en anden position som reaktion pa skiftende tryktilstande inden i den
mekaniske teetning, hvor shuttleelementet (27) er aksialt anbragt med
afstand til en ikke-taetningsflade (29) af den roterende taetningsring (42),
nar anbragt i den farste position og nar udsat for en fgrste tryktilstand, og
er positioneret tilstgdende til ikke-taetningsfladen (52) af taetningsringen
(42), nar anbragt i den anden position, nar udsat for en anden tryktilstand,
der er forskellig fra naevnte fgrste tryktilstand,
hvor shuttleelementet (27) inkluderer et hus, der har en eller flere riller
(32) dannet deri til at teetne et taetningselement (35).

2. Mekanisk taetning (10) ifglge krav 1, hvor shuttleelementet (27) genererer en
forspaendningskraft, nar anbragt i mindst en af positionerne som reaktion pa en af
tryktilstandene.

3. Mekanisk taetning (10) ifglge krav 1, hvor shuttleelementet (27) omfatter et
baererelement, der har

en fgrste endedel (27a) indrettet til at anbringes i naerheden af ikke-
teetningsfladen af en af de fgrste og anden taetningsringe, og

en anden endedel (27b) modsat den forste endedel; fortrinsvis hvor
beererelementet yderligere omfatter en rille (32) til at anbringe et
taetningselement (35); fortrinsvis hvor taetningselementet er en O-ring.
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4. Mekanisk taetning (10) ifglge krav 1, hvor huset inkluderer fgrste og anden
riller (22, 76) til at montere henholdsvis farste og anden taetningselementer (24,
78).

5. Mekanisk teetning (10) ifglge krav 1, yderligere omfattende en muffe (20)
indrettet til at blive monteret omkring akslet (12), idet naevnte muffe (20)
inkluderer en flangedel (26), og hvor shuttleelementet (27) er anbragt mellem
flangen (26) og den roterende taetningsring; fortrinsvis hvor
(i) den fgrste tryktilstand er en positiv tryktilstand, og hvor
shuttleelementet (27) er anbragt i den fgrste position under den positive
tryktilstand, saddan at en fgrste ende af shuttleelementet (27) er aksialt
anbragt med afstand til ikke-taetningsfladen af den roterende taetningsring
(42); eller
(ii) den anden tryktilstand er en negativ tryktilstand, og hvor
shuttleelementet (27) er anbragt i den anden position under den negative
tryktilstand, sddan at en fgrste ende af shuttleelementet er i kontakt med
ikke-taetningsfladen (52) af den roterende taetningsring (42).

6. Mekanisk taetning (10) ifglge krav 1, hvor shuttleelement (27) definerer et
fgrste radialt udstraekkende stempelomrade pa den roterende taetningsring til at
forspaende den roterende taetningsring mod den stationaere taetningsring under
den fgrste tryktilstand og et andet radialt udstraekkende stempelomrade pa den
roterende teetningsring til at forspaende den roterende taetningsring mod den
stationaere taetningsring under den anden tryktilstand; fortrinsvis hvor

(i) det fgrste stempelomrade (A) er defineret af en ydre kant af den radialt

udstraekkende taetningsflade af en af taetningsringene og en aksialt

udstraekkende, indre overflade af shuttleelementet (27); eller

(ii) det andet stempelomrade (B) er defineret af en indre kant af den

radialt udstraekkende taetningsflade af en af taetningsringene og en aksialt

udstraekkende, indre overflade af shuttleelementet (27); eller

(iii) en behandlingsvaeske (19) udgver en kraft pa det fgrste

stempelomrade (A); eller

(iv) en barrierevaeske (63) udgver en kraft pa det andet stempelomrade

(B).
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7. Mekanisk taetning (10) ifglge krav 1, yderligere omfattende et
fgrste stempelomrade (A) defineret af en ydre kant af den radialt udstraekkende
taetningsflade af en af taetningsringene og en aksialt udstraekkende, indre
overflade af shuttleelementet (27), og
et andet stempelomrade (B) defineret af en indre kant af den radialt
udstraekkende taetningsflade af en af taetningsringene og en aksialt
udstraekkende, indre overflade af shuttleelementet (27); fortrinsvis hvor
(i) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
omkring lige i stgrrelse; eller
(i) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
mindre end et kontaktomrade af den roterende taetningsflade (46) og den
stationaere taetningsflade (58); eller
(iii) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
mellem omkring 50% og omkring 100% af et kontaktomrade af den
roterende teetningsflade (46) og den stationaere teetningsflade (58); eller
(iv) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
omkring 70% af kontaktomradet af den roterende taetningsflade (46) og

den stationaere taetningsflade (58).

8. Mekanisk taetning (10) ifglge krav 1, hvor forskruningen (90) omfatter organ til
at introducere en barrierevaeske (63) til taetningen.

9. Mekanisk teetning (10) ifglge krav 1, yderligere omfattende et andet par af
taetningselementer (42', 64') anbragt aksialt udadtil vaek fra det forste par af
teetningselementer, (42, 64) idet naevnte andet par af taetningselementer
inkluderer en roterende teetningsring (42') og en stationaer ring (54").

10. Mekanisk teetning (10) ifglge krav 1, yderligere omfattende

en muffe (20) indrettet til at monteres omkring akslet (12), idet naevnte muffe
(20) inkluderer en flangedel (26), og

et shuttle-stop (29) anbragt tilstgdende til en ydre overflade af flangedelen (26)
af muffen (20),
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hvor shuttleelementet (27) er anbragt mellem shuttle-stoppet (29) og den

roterende teetningsring (42); fortrinsvis hvor den anden tryktilstand er en negativ

tryktilstand, og hvor shuttleelementet (27) er anbragt i den anden position under

den negative tryktilstand, sadan at en fgrste ende af shuttleelementet (27) er i

kontakt med ikke-taetningsfladen (52) af en af tatningsringene (42); fortrinsvis

hvor

(i) shuttleelementet er i kontakt med ikke-taetningsfladen (52) af den
roterende teetningsring (42); eller

(ii) den forste tryktilstand er en positiv tryktilstand, og shuttleelementet
(27) har en fgrste ende anbragt i naerheden af ikke-taetningsfladen (52) af
en af taetningsringene (42) og en anden ende modsat den fgrste ende

anbragt i naerheden af shuttle-stoppet (29), og

hvor shuttleelementet (27) er anbragt i den fgrste position under den positive

tryktilstand, sddan at den anden ende af shuttleelementet (27) er i kontakt med
shuttle-stoppet (29).

11. Mekanisk taetning (10) ifglge krav 1, hvor shuttleelementet (27) tilstgder

(i) et shuttle-stop (29) under den farste tryktilstand, ndr trykket af en
behandlingsvaeske (19) i taetningen er storre end trykket af en
barrierevaeske (63) i taetningen til at definere et fgrste stempelomrade (A)
pa ikke-taetningsfladen (52) af den roterende taetningsring (42); eller

(ii) ikke-teetningsfladen (52) af den roterende taetningsring (42) under den
anden tryktilstand, ndr trykket af en barrierevaeske (63) i taetningen er
stgrre end trykket af en behandlingsvaeske (19) i taetningen til at definere
et andet stempelomrade (B) pa ikke-taetningsfladen (52) af den roterende

taetningsring (42).

12. Mekanisk teetning (10) ifglge krav 1, hvor shuttleelementet (27) omfatter:

en aksialt ydre del (27a) konfigureret til at overligge og taetne mod en
trinvis del af den roterende taetningsring (42), idet den aksialt ydre del
(27a) har en indre diameter, der er en anelse stgrre end den ydre diameter
af den trinvise del af den roterende taetningsring (42);

en aksialt indre del (27b), der er smallere end den aksialt ydre del (27a)
konfigureret til at overligge og teetne mod flangen (26) af muffen (20); og
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et trin (23), der definerer en radialt udstraekkende veeg mellem den aksialt
indre del (27b) og den aksialt ydre del (273a).

13. I en mekanisk taetning (10) til at montere til et hus indeholdende et roterende
aksel (12), idet den mekanisk taetning (10) inkluderer en forskruning (90); mindst
et par af teetningselementer (42, 54) anbragt mindst delvist inden i forskruningen
(90), idet neevnte teetningselementer (42, 54) inkluderer en roterende
taetningsring (42), der har en roterende teetningsflade (46) og en stationeer
taetningsring (54), der har en stationzer taetningsflade (58), der indgriber den
roterende teetningsflade (46); og et shuttleelement (27) positioneret i forhold til
den roterende teetningsring (42) og den stationaere taetningsring (54), en
fremgangsmade omfattende

aksialt bevaegende shuttleelementet (27) anbragt tilstgdende til den roterende
taetningsring (42) mellem en fgrste position og en anden position som reaktion pa
skiftende tryktilstande inden i den mekaniske taetning, hvor shuttleelementet (27)
er positioneret tilstgdende til en ikke-taetningsflade (52) af den roterende
taetningsring (42), nar anbragt i den fgrste position og nar udsat for en fgrste
tryktilstand, og er aksialt adskilt fra ikke-teetningsfladen (52) af den roterende
taetningsring (42), nar anbragt i den anden position, ndr udsat for en anden
tryktilstand, der er forskellig fra naevnte fgrste tryktilstand

hvor shuttleelementet (27) inkluderer et hus, der har en eller flere riller (32)
dannet deri til at taetne et taetningselement (35).

14. Fremgangsmade ifglge krav 13, yderligere omfattende
(i) at generere en forspaendningskraft med shuttleelementet (27) nar
anbragt i mindst en af de fgrste og anden positioner som reaktion pa en af
de fgrste og anden tryktilstande; eller
(ii) at anbringe shuttleelementet (27) tilstgdende til den roterende
taetningsring (42); eller
(iii) at anbringe shuttleelementet (27) tilstgdende til den stationzere
taetningsring (54); eller
(iv) at definere et fgrste radialt udstraekkende stempelomrade (A) pa den
roterende teetningsring (42) til at forspaende den roterende taetningsring
(42) mod den stationzere teetningsring (54) under den fagrste tryktilstand,
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at definere et andet radialt udstraekkende stempelomrade (B) pa den
roterende teetningsring (42) til at forspaende den roterende taetningsring
(42) mod den stationeere teetningsring (54) under den anden tryktilstand;
eller

(v) at definere et fagrste stempelomrade (A) ved hjzelp af en ydre kant af
den radialt udstraekkende taetningsflade (46) af en af taetningsringene (42)
og en aksialt udstraekkende, indre overflade af shuttleelementet (27), og
at definere et andet stempelomrade (B) ved hjeelp af en indre kant af den
radialt udstraekkende taetningsflade (46) af en af teetningsringene (42) og
en aksialt udstraekkende, indre overflade af shuttleelementet (27);
fortrinsvis hvor

(a) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
omkring lige i stgrrelse; eller

(b) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
mindre end et kontaktomrade af den roterende taetningsflade (46) og den
stationaere taetningsflade (58); eller

(c) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
mellem omkring 50% og omkring 100% af et kontaktomrade af den
roterende teetningsflade (46) og den stationaere teetningsflade (58); eller
(d) det fgrste stempelomrade (A) og det andet stempelomrade (B) er
omkring 70% af kontaktomradet af den roterende taetningsflade (46) og
den stationaere taetningsflade (58).

15. Fremgangsmade ifglge krav 13, hvor den mekaniske taetning (10) yderligere
omfatter en muffe (20) indrettet til monteres omkring akslet (12), idet naevnte
muffe (20) inkluderer en flangedel (26), og hvor shuttleelementet (27) er anbragt
mellem flangen (26) og den roterende taetningsring (42), omfattende

at anbringe shuttleelementet (27) i den fgrste position, nar en positiv tryktilstand
findes i taetningen (10) sadan, at en fgrste ende af shuttleelementet (27) er
aksialt anbragt med afstand til ikke-teetningsfladen (52) af den roterende
taetningsring (42), og

at anbringe shuttleelementet (27) i den anden position ndr en negativ tryktilstand
findes i taetningen (10), sddan at en fgrste ende af shuttleelementet (27) er
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anbragt aksialt tilstgdende til ikke-taetningsfladen (52) af den roterende
taetningsring (42).

16. Fremgangsmade ifglge krav 13, hvor teetningen (10) yderligere inkluderer en
muffe (20) indrettet til at monteres omkring akslet (12), idet naevnte muffe (20)
inkluderer en flangedel (26), og et shuttle-stop (29) anbragt tilstgdende til en
ydre overflade af flangedelen (26) af muffen (20), omfattende
at anbringe shuttleelementet (27) mellem shuttle-stoppet (29) og den roterende
taetningsring (42); fortrinsvis hvor
(i) den fgrste tryktilstand er en positiv tryktilstand, omfattende
at anbringe shuttleelementet (27) i den fgrste position under den positive
tryktilstand, sddan at en ende af shuttleelementet (27) er i kontakt med
shuttle-stoppet (29); eller
(ii) den anden tryktilstand er en negativ tryktilstand, omfattende
at anbringe shuttleelementet (27) i den anden position under den negative
tryktilstand, sddan at en ende af shuttleelementet (27) er i kontakt med

ikke-taetningsfladen (52) af en af taetningsringene (42).
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Fig. 24
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