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@ The improved annular sea (10} of the present

invention provides a seal across an annular space Jl/
between facing cylindrical surfaces (20, 24) and in-
cludes an outer annular ring (26), and an inner
annular ring (28). The gap between the outer annular
ring(26) and the inner annular ring (28) is suitably 27
sealed at (27, 29) at one-end thereof so that the
open end is open to admit pressure which is to be
sealed between the two rings. An outer sealing ele-
ment (36) is provided on the exterior of the outer
annular ring, and an inner sealing element (38) on
the interior of said inner annular ring so that pres-
sure exerted between the annular rings urges them
apart and their sealing elements against the surfaces 24—
of the annular space. In another form of the invention
three annular rings are provided with one end of the
inner and outer rings being sealing to the end of the 22—
intermediate ring and with sealing elements on the 28—
exterior of the outer ring and on the interior of the
inner ring so that the sealing elements are urged into
sealing engagement with the surfaces of the annular
space. Another form of the invention includes an- /l/
nular rings which vary in thickness from one end to

the other so that they may have greater or less FIG |
flexibility as needed to provide a response to the

pressure responsive movements of the inner and

outer members. :
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ANNULAR SEAL

BACKGROUND

The present invention relates to an improved
annular seal which can be used to seal across the
annular space between well members. Difficulty
has been encountered in the past with annular
seals since manufacturing tolerances and deflection
of components due to hoop strain creates an ex-
trusion gap and adversely affects the ability to seal,
the seal life and for elastomers causes extrusion
problems.

Efforts have been made in prior seal assem-
blies to provide a structure in which the pressure to
which the seal is exposed is utilized to cause a lip
to move in the direction to provide a sealing en-
gagement with a cylindrical surface against which
the seal is to be provided.

The H. W. Millmine U. S. Patent No. 2,007,501
discloses a packing for a pump rod which is rubber
or similar material and includes an outer lip and an
inner lip with a compression space between the
lips. The fluid being pumped is received within the
compression space and exerts a pressure against
both lips to hold them in sealing engagement with
the surfaces against which they are o seal. A
plurality of channels through the packing connect
the compression space with a recess on the inte-
rior of the packing to provide cooling for the recip-
rocating rod which moves within the packing. A
filter is provided at the intersection of the duct and
the compression space to prevent the entry of
sand and sediment into the rod cooling recess.

The 8. D. Gullion U. 8. Patent No. 4,742,874
discloses a subsea wellhead seal assembly for
sealing between the interior of a wellhead housing
and the exterior of a hanger. The seal assembly
includes a U-shaped metal seal ring with a pair of
interengaged annular wedging members which are
forced into the interior. of the U-shaped metal seal
ring to cause its inner and outer legs to be spread
apart into sealing engagement with the walls on the
interior of the housing and the exterior of the hang-
er.

The T. G. Cassity U. S. Patent No. 4,771,828
discloses a wellhead seal which includes an an-
nular sealing member for sealing across the an-
nular space between two wellhead members. The
annular sealing member includes a plurality of in-
ner and outer lips which are tapered in a direction
toward the surface against which they are to seal
and toward the pressure to which they may be
exposed. The sealing surfaces of the wellhead
members are prepared to provide an undercut on
the sealing surfaces so that the pressure to which
the seal is exposed can enter the undercut space
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and urge the undercut portion of the sealing sur-
face in the direction toward the annular sealing
member. In this manner the pressure being sealed
urges both the seal lips on the annular sealing
member and the undercut sealing surface portions
foward each other to provide a positive seal.

SUMMARY

The present invention relates to an improved
annular seal for sealing across an annular space
between facing cylindrical surfaces and includes an
outer annular ring, inner annular ring, the gap be-
tween the outer annular ring and the inner annular
ring being suitably sealed at one end thereof so
that the open end is open to pressure which is to
be sealed, an outer sealing element on the exterior
of said outer annular ring, and an inner sealing
element on the interior of said inner annular ring so
that pressure exerted between the annular rings
urges them apart and their sealing elements
against the surfaces of the annular space. In an-
other form of the invention three annular rings are
provided with one end of the inner and outer rings
being sealed to the end of the intermediate ring
and with sealing elements on the exterior of the
outer ring and on the interior of the inner ring so
that the sealing elements are urged into sealing
engagement with the surfaces of the annular space.

An object of the present invention is to provide
an improved annular pressure seal having a ionger
active seal life.

Another object is to provide an improved an-
nular pressure seal in which the changes in the
annular space being sealed do not alter the effec-
tiveness of the seal.

A further object is to provide an improved
annular pressure seal in which the pressure is
utilized to allow the seal to accommodate to
changes in the annular space across which it is o
seal which are caused by manufacturing tolerances
and as a result of the pressure to which the annular
space is exposed.

Siill another object is to provide an improved
annular pressure seal in which a pressure respon-
sive element is provided between inner and outer
seals to ensure the maintenance of the sealing
engagement of the seals with the surfaces against
which they are to seal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects are hereinafter set
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forth, described and explained with reference o the
drawings wherein:
FIGURE 1 is a partial sectional view of the
improved seal of the present invention posi-
tioned between well members with facing cylin-
drical surfaces between which the seal is pro-
vided.
FIGURE 2 is another partial sectional view of a
modified form of the improved seal of the
present invention.
FIGURE 3 is another pariial sectional view of
another modified form of the improved seal of
the present invention which forms the annuius
seal in a wellhead.
FIGURE 4 is a partial transverse sectional view
of the seal taken along line 4 - 4 in FIGURE 3.
FIGURE 5 is a partial sectional view of a modi-
fied form of seal of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

In FIGURE 1 improved seal 10 of the present
invention is illustrated within first tubular member
12 having upper bore 14 and counterbore 16 with
shoulder 18 therebetween. The surface 20 of coun-
terbore 16 is one of the sealing surfaces against
which seal 10 is to seal. Second tubular member
22 has outer sealing surface 24 which is the other
of the sealing surfaces against which seal 10 is to
seal. In this manner seal 10 provides an annulus
seal for sealing between members 12 and 22.

Seal 10 includes outer ring 26, inner ring 28
and intermediate ring 30. As shown, rings 26, 28
and 30 are threadedly engaged with suitable
threading and having welding securing and sealing
the upper end of rings 26 and 30 and of rings 28
and 30. The welding is at the end of rings 26, 28
and 30 opposite to the pressure end, i. e., the
pressure is exerted on seal 10 from below and the
non welded ends of the ring are herein termed the
pressure end. The welded ends of rings 26, 28 and
30 are positioned against shoulder 18 as shown.
Groove 32 in the exterior of outer ring 26 is pro-
vided a substantial distance from the welded end of
rings 26 and 30 and groove 34 in the interior of
inner ring 28 is provided a substantial distance
from the welded end of rings 28 and 30. Suitable
sealing means is provided within grooves 32 and
34, such as O rings 36 and 38, for sealing against
the facing sealing surfaces 20 and 24.

The threaded engagement between ring 26
and ring 30 and between ring 30 and ring 28 is
such that the pressure fluid which is exerted on
seal from below enters between the rings and
urges outer ring outwardly to assist in the sealing
of O ring 36 against sealing surface 20 and urges
inner ring 28 inwardly to assist in the sealing of O
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ring 38 against sealing surface 24.

The pressure within the threaded surfaces be-
tween the rings creates the force necessary to urge
the inner and outer rings 26 and 28 toward their
respective sealing surface so that the pressure
exerted on the inner and outer tubular members 12
and 22 which may create an extrusion gap between
the rings and the sealing surfaces does not occur
because of the compensating pressure responsive
movement of the rings 26 and 28.

Seal 10 as shown in FIGURE 1 and described
above is a simplified seal to illustrate the novel
features of the present invention. Other forms of
the invention are shown in the drawings but show
additional details of the seals.

In the form of the present invention shown in
FIGURE 2, an improved annulus seal 40 is shown
which includes lower body 42 having shoulder 41
which lands on seat 43, a plurality of bores 45
extending therethrough to transmit pressure from a
position below body 42 to a position above body
42 which is between inner seal stack 44 and outer
seal stack 46. Since body 42 is annular in shape,
inner seal stack 44 includes a stack of sealing
elements, anti-extrusion rings and other back-up
elements which provide a suitable seal against the
exterior of the inner member 48 and outer seal
stack 46 includes a stack of sealing elements, anti-
extrusion rings and other back-up elements which
provide a suitable seal against the interior of outer
member 50. Positioned within stacks 44 and 46 are
inner ring 52 and outer ring 54. Rings 52 and 54
are secured and sealed together at their upper
ends by weld 56. With pressure exerted on seal 40
from below, this pressure is exerted between rings
52 and 54 to cause them to be wedged apart to
assist in the sealing forces exerted by stacks 44
and 46 in their sealing function. Suitable means 58
is provided to secure rings 52 and 54 in the de-
sired position within stacks 44 and 46 and means
59 secures rings 52 and 54 to body 42 and cap
ring 60. Cap ring 60 is secured to the upper ends
of rings 52 and 54 and cap ring 60 is supported on
sleeve 62, as shown, for lowering seal 40 inio
position between members 48 and 50.

Seal 70 shown in FIGURES 3 and 4 is a seal
for use as an annulus seal for sealing across the
annulus between the exterior of a hanger and the
interior of a housing in which the hanger is landed.
In sealing an annuius between a housing and a
hanger landed therein, two sources of pressure can
be encountered. If there is a fault in the cementing
of the casing some pressure fluid may move up-
ward in the space around the casing and enter the
annulus within the housing o exert a pressure
within the housing from a position below the an-
nulus seal. This pressure is exerted to urge the
housing outward and to urge the hanger inwardly.
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There would be no baldncing or equalizing pres-
sure within the hanger. in the other case, a pres-
sure pocket could be encountered while drilling
through the hanger and a pressure kick would be
exerted through the interior of the hanger. To con-
trol such pressure kick, the blowout preventers
above the hanger would be closed and the pres-
sure would be exerted within the hanger and within
the annulus from above. This pressure causes the
housing to be urged outwardly and since there is
no balancing or equalizing pressure around the
major portion of the exterior of the hanger, there is
an appreciable net force urging the hanger out-
ward. The seal 70 is an improved seal structure
which will maintain a sealing engagement across
the annulus under either pressure condition de-
scribed above.

Seal 70 inciudes tubular body 72 having cen-
tral bore 74 and counterbore 76 extending therein
from one end and body ring 78 which is positioned
within counterbore 76 and is secured therein by
welding 80. Grooves 82 in the exterior of body ring
78 provide communication for pressure fluids to
enter between body ring 78 and counterbore 76 of
body 72. Body 72 is configured on its exterior
surface to provide annular seal lips 84 and 86
which are both tapered in a radially outward direc-
tion with upper seal lip 84 being directed upwardly
and lower seal lip 86 being directed downwardly.
Annular seal lips 84 and 86 are designed to seal
against the interior of a housing bore. Groove 88 is
provided in the interior of body 72 and groove 90
which is similar to groove 88 is provided in the
interior of body ring 78. Elastomeric seals 92 and
94 are positioned in grooves 88 and 90 to seal
against the exteri or of a hanger which forms the
interior of the annulus across which seal 70 is to
seal.

Seal 70 includes the two main components, i.
e., body 72 and body ring 78. It is preferred that
body ring 78 be of a high sirength metal and body
72 be of a soft material such as mild steel. With
this configuration and with the materials suggested
body ring 78 being of a high sirength material
maximizes the amount of stored energy from an
interference fit of the interior of body ring 78 with
respect to the inner sealing surface of the annuius.
Also, the material of body 72 maximizes the ability
of the seal lips to seal against scratches and other
imperfections in the inner surface of the outer
member of the annulus being sealed. The seal 70
also utilizes the pressure in the annulus in which it
is positioned fo urge body ring 78 inward and the
lower portion of body 72 outward to assist in both
the internal and external sealing of seal 70. it
should be noted that the inner surface 96 upward
of groove 88 is slightly smaller in diameter than
bore 74 to provide an interference fit when seal 70
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is installed around a hanger and similarly surface
98 which is at the other end of the inner surface of
body ring 78 has a similar smaller diameter to
provide an interference fit with the exterior of the
surface against which seal 70 is to seal. With such
sealing surfaces as surfaces 96 and 98 it is possi-
ble to eliminate the use of the elastomeric seals 92
and 94. Since such seals can be added imme-
diately before the lowering of seal 70 into a well
bore to seal around a hanger landed within an
annulus, seal 70 can be provided without seals 92
and 94 and they can be added if desired imme-
diately prior to their use.

It is suggested that by varying the relative
thickness of body 72 around counterbore 76 and
the thickness of body ring 78, the respective move-
ments of each can be adjusted so that they readily
move with the movement of the hanger and the
housing responsive to the pressure experienced in
the annulus from below.

When the improved seal 70 is in position and
subjected to pressure from below in the housing-
hanger annulus, the grooves 82 in body ring 78
allow such pressure {o be exeried to urge body
ring 78 inwardly and tubular body 72 outwardly to
thereby at least partially compensate for the action
of the pressure on the housing and the hanger. lt is
not generally felt that pressure from within the
hanger which is also felt in the upper end of the
annulus requires any similar compensation for the
relative movement of the hanger and housing re-
sponsive to such pressure since the hanger would
not move, having the pressure exerted both on its
interior and its exterior and the amount of move-
ment of the housing would be accommodated by
the action of the seal lips 84 and 86.

A further advantage of the present invention is
that it does allow the pressure from the lower end
of the annulus to be exerted between body ring 78
and tubular body 72 through the grooves 82 but
this is done without sacrificing the relative strength
of the structure so that during the setting of seal
lips 84 and 86 with setting slesves, the total struc-
ture of tubular body 72 and body ring 78 resist any
inward forces developed during such setting. This
resulis from the groove structure but would not
result if there were a complete annular space be-
tween tubular body 72 and body ring 78 since in
such structure body ring 78 would not contribute to
resisting the setting loads of the seal lip setting
sleeve.

It should be noted that any suitable sealing
means, including O ring seals, may be used to seal
the closed end of the opening between rings so
long as it maintains the seal under all pressure and
other conditions to which it may be exposed. Fur-
ther, the thickness of the rings may be varied from
one end to the other to provide the desired struc-
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ture for each application, as shown in FIGURE 5
wherein the improved seal 8 of the present inven-
tion is positioned within annulus A between spool B
which is secured to housing H and inner string |
which is supported within housing H by sealing and
supporting assembly 99. Seal S inciudes two rings
100 and 102 which are suitably supported by snap
ring 103 in position in the annulus between inner
member 104 and outer member 106. Seal S also
includes inner seal 108 which is paositioned in
groove 110 on the interior of inner ring 100 and
adapted to seal against the exterior of inner mem-
ber 104 and outer seal 112 which is positioned in
groove 114 on the exterior of outer ring 102 and
adapted to seal against the interior of outer mem-
ber 106. This structure makes up sealing assembly
116 which seals across the annuius A between
members 104 and 106 and is subjected to pres-

sure which is within inner member 104 and is

transmitted into annuius A above sealing assembly
116. Under such conditions pressure is applied
from one direction only and the pressure is from
within inner member 104 and is exerted both within
and around the exterior of inner member 104
above sealing assembly 116. Inner member 104 is
thus in equilibrium and will not deflect in the area
down to sealing assembly 116 as pressure in-
creases. Outer member 106 which is not in equilib-
rium will deflect as pressure is applied. A suitabie
seal is provided between inner ring 100 and outer
ring 102 by sealing element 120 which is posi-
tioned in groove 122 on the lower interior of ring
102. Ring 100 has a stepped outer surface with
upper surface 124 being of a larger diameter than
lower surface 126. Shoulder 128 is positioned be-
tween surfaces 124 and 126. Ring 102 is provided
with an internal configuration including upper sur-
face 130 which is larger in diameter than lower
surface 132 and shoulder 134 is positioned be-
tween surfaces 130 and 132 as shown. This struc-
ture allows the upper portion of ring 102 to be
relatively flexible and to easily defiect with pressure
between rings 100 and 102." The lower portion of
ring 102 being much thicker will not deflect nearly
as much because of the relative stiffness of its wall
section. Also, at the point of sealing between the
two rings 100 and 102, sealing element 120, both
rings are relatively thick and will have relatively
little deflection which ensures the maintenance of
the sealing of element 120 between the members
100 and 102.

Claims
1. An annular seal for sealing across the annular

space between inner and outer facing cylindrical
surfaces comprising an outer seal ring, an inner
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seal ring, an intermediate seal ring positioned be-
tween said inner and said outer seal rings, and
means securing one end of the intermediate seal
ring to both said outer seal ring and said inner seal
rings so that the spaces between said rings are
sealed at one end which also is opposite the end to
which the seal ring are exposed fo pressure.

2. An annular seal for sealing against the flow of
pressure fluid through an annular space between
an outer member having an internal cylindrical
sealing surface and an inner member having an
external cylindrical sealing surface comprising a
first tubular ring having a pressure end and an
opposite end, a second tubular ring positioned
within said first tubular ring and having a pressure .
end and an opposite end, sealing means on the
exterior of said first tubular ring spaced from the
opposite end thereof, sealing means on the interior
of said second tubular ring spaced from the op-
posite end thereof, and means securing said rings
together in sealed relationship at their opposite
ends to allow entry of pressure fluid between the
rings at their pressure end to urge the unsealed
end of the rings apart.

3. An annular seal according to claim 2 wherein
said sealing means includes an internal stack of
sealing elements within said second ring, and an
external stack of sealing elements surrounding said
first ring.

4. An annular seal according to claim 2 wherein
said exterior sealing means includes a pair of di-
verging rings extending outwardly from said first
tubular ring, said interior sealing means include a
resilient sealing ring positioned in an annular
groove in the interior of said second ring.

5. An annular seal according to claim 2 inciuding a
third ring positioned between said first and second
rings having a pressure end and an opposite end,
and said welding secures said third ring to said first
and second rings at their respective opposite ends.
6. An annular seal according to claim 2 wherein
said tubular rings have varying thicknesses axially
to accommodate the pressure responses of the
internal and external sealing surfaces.
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