
MECHANICAL FACE SEALS           The present invention relates to mechanical
face seals in which a first         sealing ring is mounted in fixed axial
and rotational relationship to a first         component and a second
sealing ring is mounted in fixed rotational  5     relationship but movable
axially with respect to a second component and          in particular, to a
mechanical face seal of the type described above in          which the
second sealing ring is sealed with respect to the second          component
by means of an elastomeric bellows unit.            According to one aspect
of the present invention a mechanical face seal 10     for providing a
fluid tight seal between a pair of relatively rotatable 



components comprises a first sealing ring mounted in fixed axial and
rotational relationship and sealed with respect to a first component and a
second sealing ring mounted in fixed rotational relationship with respect
to a second component, said second sealing ring being sealed with 15
respect to said second component by means of an elastomeric bellows
unit, whereby the second sealing ring is movable axially with respect to
the second component, characterised in that a pair of tubular drive bands
are mounted coaxially of the bellows unit in axially spaced apart
relationship to one another, the outer end of one drive band engaging one
20       end of the bellows unit and applying a radial load thereto forcing
it into          driving and sealing engagement with said second component
and the          outer end of the other drive band engaging the other end
of the bellows          unit and applying a radial load thereto forcing it
into driving and sealing          engagement with the second sealing ring,
the inner ends of the drive 25       bands being of equal diameter and
having axially extending castellations,          the castellations of one
drive band intermeshing with the castellations of          the other drive
band, whereby the drive bands may be telescoped and          torsional
loads may be reacted between the second component and the          second
sealing ring by the ends of the bellows unit and the drive bands, 30
resilient means acting between the drive bands to bias them apart and  



-2-           urge opposed sealing faces of the first and second sealing
rings into          sealing engagement.            According to a preferred
embodiment of the invention, the ends of the          bellows unit are of
relatively thick cross section and are interconnected by  5       a
relatively thin, flexible central portion. In its axially relaxed
condition,          the central portion is generally cylindrical, extending
from the end thereof          secured to the second component from adjacent
the diameter thereof          engaging the second component and to the end
thereof secured to the          second sealing ring adjacent the surface
thereof secured to the second 10       sealing ring, so that when
compressed axially to its working length, the 



central portion of the bellows adjacent the second sealing ring will be
deformed into engagement with the rear face of the sealing ring and
down against the second component, forming a smooth profile with no
folds or kinks.   15       The central portion of the bellows will thereby
be supported against the          second component in order to withstand
fluid pressure on the side of the          bellows unit remote from the
second component. Furthermore, if          pressure is applied between the
second component and bellows unit, the          telescoped drive bands will
support the central portion of the bellows 20       unit, preventing it
from ballooning and preserving seal integrity.            An embodiment of
the invention is now described by way of example          only, with
reference to the accompanying drawings, in which:-            Figure 1 is a
partial sectional side elevation of a mechanical face seal in
accordance with the present invention;  



25       Figure 2 is a part sectional side elevation of the bellows
assembly of the          seal illustrated in Figure 1;
-3-           Figure 3 is a sectional elevation of the bellows unit of the
seal illustrated          in Figure 1, in a relaxed condition; and
Figure 4 shows a sectional elevation similar to Figure 1 in which the
bellows unit is internally pressurised.   



5       As illustrated in the accompanying drawings, the mechanical face
seal for          producing a fluid-tight seal between a shaft 10 and
housing 11          comprises, a first sealing ring or seat 1 2 which is
mounted in an annular          recess 13 in the housing 1 1 and is sealed
with respect thereto by means          of an elastomeric sealing ring 14.
The sealing ring 14 also serves to 10     locate the seat 12 rotationally
with respect to the housing 1 1.            A second sealing ring 20 is
sealed with respect to the shaft 10 by means          of a bellows assembly
21. A bellows assembly 21 includes an          elastomeric bellows unit 22
having a first end portion 23, a relatively thin,          flexible central
portion 27 and a second end portion 25. The first end 15       portion 23
has an internal diameter 24 which will engage the          circumference of
the shaft 10. The second end portion 25 has an internal          diameter
26 which will engage the external diameter of sealing ring 20.          The
central portion 27 is of generally cylindrical configuration extending
from adjacent the internal diameter 24 of end portion 23 and flaring 20
outwardly towards the end portion 25, to connect with the end portion
25 at its internal diameter 26.   



A pair of tubular drive bands 30, 31 each comprise a large diameter end
portion 32 and a smaller diameter portion 33. The smaller diameter
portions 33 of the drive bands 30 and 31 are of equal diameter and are 25
provided with axially extending castellations 34. The castellations 34 on
each of the drive bands 30 and 31 are of the same width and the width
of the castellations 34 on each drive band 30, 31 are equal to or slightly
smaller than the gaps 35 between the castellations 34.
4 -          The drive bands 30, 31 are mounted coaxially of the bellows
unit 22.          The larger diameter portion 32 of drive band 30 engages
the external          diameter of the end portion 23 of bellows unit 22,
squeezing the end          portion 23 radially into sealing engagement with
the shaft 10 and also  5       locating it rotationally with respect
thereto. Similarly, the larger diameter 



portion 32 of drive band 31 engages the external diameter of the end
portion 25 of the bellows unit 22 squeezing the end portion 25 radially
into sealing engagement with the external diameter of sealing ring 20 and
also locating the sealing ring 20 rotationally with respect to the end 10
portion 25.            The smaller diameter portions 33 of drive bands 30
and 31 are directed          towards one another, the castellations 34 of
one drive band 30          intermeshing with the castellations 34 of the
other drive band 31, in          telescoped manner. Torsional loads applied
to the sealing ring 20 will 15       thus be transmitted via end portion 25
of bellows unit 22, drive band 31,          drive band 30 and the end
portion 23 of bellows unit 22, from the shaft          10.            A
helical compression spring 35 acts between the larger diameter portions
32 of drive bands 30 and 31, urging them apart and a sealing face 36 on 20
the sealing ring 20 into sealing engagement with a sealing face 37 on the
seat 12.  



The bellows assembly 21 is located axially with respect to the shaft 10
by means of a circlip 40 which engages in a circumferential groove 41 on
the shaft 10, and a thrush washer 42. An annular recess 43 is provided 25
in the end face of end portion 23 of bellows unit 22, to allow for axial
expansion of the end portion 23 and contribute to the even radial loading
of the bellows onto the shaft, as it is compressed radially between the
drive ring 30 and shaft 10.
-5-          The rear face 50 of the sealing ring 20 is contoured so that
when the          bellows assembly 21is compressed to its working length
between the          circlip 40 and seat 12, the central portion 27 of the
bellows unit 22 will          be deformed into engagement with the rear
face 50 of sealing ring 20 and 



5      down against the shaft 10, forming a smooth profile with no folds or
kinks as illustrated in Figure 1. The flexible central portion 27 of the
bellows unit 22 will thereby be supported against the shaft 10, when fluid
under pressure is applied to the external diameter of the bellows unit 22.
In addition to guiding deformation of the bellow unit 22 the contoured 10
face 50 of sealing ring 20 avoids sharp corners which may tear or cut the
bellows unit and also reduces stresses in the bellows unit.            The
portion of the bellows unit 22 which is deformed against the rear
face 50 of the sealing ring 20 and the telescoped nature of the drive
bands 30 and 31 will enable the sealing ring 20 to move axially with 1 5
respect to the shaft 10, in order to accommodate wear of the sealing
faces 36 and 37 of sealing ring 20 and seat 12 respectively.            If
fluid pressure is applied to the internal diameter of the bellows unit 22,
then the telescoped smaller diameter portions 33 of drive bands 30 and
31 will support the central portion 27 of the bellows unit 22, preventing
it 20     from ballooning outwardly and preserving the integrity of the
seal.  



The sealing rings 12 and 20 of the present invention may be made of any
of the conventional combinations of materials normally used in
mechanical face seals, for example carbon/graphite against a metal,
ceramic or ceramic coated material or metal against ceramic or ceramic 25
against ceramic. Any suitable elastomeric composition may be used for
the bellows unit. The drive bands are preferably made of stainless steel
although other metals or rigid plastics materials could be used.
Various modifications may be made without departing from the invention.
-6 -          For example the seat 12 may be sealed with respect to the
housing 1 1 in 



any other conventional manner, for example the use of an 'O'ring or PTFE
ring. Furthermore, rather than relying on friction to locate the seat 12
rotationally with respect to the housing 11, one or more pins may be  5
provided which engage the seat 12 and housing 11 to prevent rotation
therebetween.           While in the above embodiment the bellows assembly
21 is located axially         of the shaft 10 by circlip 41, other
conventional methods of locating the         bellows assembly 21 may be
used. For example the bellows assembly 21 10       may abut a shoulder
formation on the shaft or a collar or sleeve formation          secured to
the shaft in suitable manner.            While in the above embodiment the
bellows assembly 21 is mounted on          the shaft 10 and the seat 12 is
mounted to the housing 1 1, the bellows          assembly 21 may
alternatively be mounted with respect to the housing 1 5     1 1 and the
seat 12 mounted with respect to the shaft.    



-7-         I CLAIM           1.   A mechanical face seal for providing a
fluid-tight seal between a         pair of relatively rotatable components
comprising a first sealing ring         mounted in fixed axial and
rotational relationship and sealed with respect  5     to a first component
and a second sealing ring mounted in fixed rotational         relationship
with respect to a second component, said second sealing ring         being
sealed with respect to said second component by means of an
elastomeric bellows unit, whereby the second sealing ring is movable
axially with respect to the second component, a pair of tubular drive 10
bands being mounted coaxially of the bellows unit in axially spaced apart
relationship to one another, the outer end of one drive band engaging one
end of the bellows unit and applying a radial load thereto forcing it into
driving and sealing engagement with said second component and the
outer end of the other drive band engaging the other end of the bellows 



1 5     unit and applying a radial load thereto forcing it into driving and
sealing          engagement with the second sealing ring, the inner ends of
the drive          bands being of equal diameter and having axially
extending castellations,          the castellations of one drive band
intermeshing with the castellations of          the other drive band,
whereby the drive bands may be telescoped and 20       torsional loads may
be reacted between the second component and the          second sealing
ring by the ends of the bellows unit and the drive bands,
resilient means acting between the drive bands to bias them apart and
urge opposed sealing faces of the first and second sealing rings into
sealing engagement.   25       2.   A mechanical face seal according to
Claim 1 in which the bellows          unit comprises a pair of end portions
interconnected by a relatively thin,          flexible central portion.
3.   A mechanical face seal according to Claim 2 in which when the
bellows unit is compressed to its working length, the central portion of   



-8-         the bellows unit is deformed against the rear face of the
second sealing         ring and into engagement with the second component,
to form a smooth         profile without folds or kinks.           4.   A
mechanical face seal according to Claim 1 in which the rear face  5      of
the second sealing ring is profiled.           5.   A mechanical face seal
according to Claim 1, in which the first         component is a housing and
the second component a shaft.           6.   A mechanical face seal
according to Claim 5 in which the bellows         unit comprises a first
end portion the internal diameter of which engages 



10      the shaft, a second end portion the internal diameter of which
engages         the external diameter of the second sealing ring and a
relatively thin         flexible central portion, the central portion being
of generally cylindrical         configuration extending from the first end
portion adjacent the internal         diameter thereof, the end of the
central portion adjacent the second end 1 5     portion being flared
outwardly and being connected to the second end          portion on the
internal diameter thereof.            7.   A mechanical face seal according
to Claim 6 in which the outer          ends of the drive bands are of
enlarged diameter which engage the          external diameters of the first
and second end portions of the bellows 20       unit.            8.   A
mechanical face seal according to Claim 7 in which a helical
compression spring acts between the enlarged diameter end portions of
the drive bands biasing them apart.            9.   A mechanical face seal
according to Claims 6 in which the bellows 



25       unit is located axially on the shaft by means of a circlip which
engages in          a circumferential groove on the shaft and a thrust
washer, a shoulder
REPLACEMENT SHEET                  formation on the shaft, or a collar or
sleeve member secured to the shaft.           10.  A mechanical face seal
according to Claim 6 in which when fluid         under pressure is applied
to the internal diameter of the bellows unit, the         central portion
of the bellows unit engages the internal diameter of the  5      telescoped
drive bands.  



11.  A mechanical face seal according to Claim 1 in which an annular
recess is provided in the end face of the end of the bellows unit which
engages the second component, the annular recess providing relief for
axial expansion of that end of the bellows unit as it is compressed
radially 10       into engagement with the second component.    


