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HIGH-PRESSURE FIRE-RESISTANT METAL SEAL
BACKGROUND OF THE INVENTION

This invention relates to fluid seal systems,
and more particularly to such seal systems involving a
metal seal element that bears against a metallic surface
to establish a metal-to-metal sealing interface preventing
the passage of pressurized fluid.

The use of metal-to-metal seal systems for con-
taining pressurized fluids is a time-honored and generally
satisfactory practice in many fields. One field in which
this practice has found considerable acceptance is the oil
and gas industry, and especially in well drilling and com-
pleting operations. During these operations various well-
head equipment is utilized to maintain control over the
fluids and pressures encountered in the'well, and where
offshore wells are concerned the ability of'this eguipment
to function in a reliable and safe manner is of paramount
importance.

Fire is a dangerous ppteptial at all oil and gas
well sites, and because of the high cost of fire damage,
particularly at offshore locations, and the increase in
multi-well platforms at those locations fire-resistant
wellhead‘equipment is being specified on an escalating
frequency. These factors have caused a corresponding in-
crease in stringent standards for fire-resistant equip-
meﬁt, and efforts to comply with these demanding specifi-
cations have resulted in the invantidn described below.

SUMMARY OF THE INVENTION

Broadly considered, the present invention com-
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prises a metal-to-metal sealing system including an an-
nular metallic seal element having a sealing lip with a
sealing face of round or curved, as distinguished from
annularror flat, cross-sectional configuration, and a
cylindrical surfacé has a lead-in chamber on at least one
end to facilitate installation of the seal element into
an interference fit against the cylindrical surface, and
that surface has sufficient axial length to accommodate
relative longitﬁdinal movement between it and the sealing
lip as these metallic elements expand and contract in re-
sponse to changes in temperature. Thus under normal
operating conditions such as those existing at times other
than during a fire, the seal system functions as a pre-
loaded metal-to-metal seal, and when subjected to a fire
or other greatly elevated temperature the interference fit
assures that a fluid-tight seal is maintained even though
significant longitudinal or radial movement between the
sealing lip and the cylindrical surface occurs. Further-
more, during cool down from high temperatures the integ-
rity of the seal remains intact. The result is an effec-
tive and reliable metal-to-metal sealing system which pro-
vides fluid-tight pressure conﬁrol over a very wide tem-
perature range, for example from 1200°F. to minus 75°F.,
and wﬂich can be satisfactorily employed in wellhead
equipment as well as other applications where varying tem-
peratures and/or pressures may be encountered.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a fragmentary vertical section of a
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wellhead assembly for an oil well, showing several uses of
a metal-to-metal sealing system according to the present
invention.

Figure 2 is a fragmentary section, on an en-
larged scale, of a sealing system according to the present
invention employed to provide a metal-to-metal seal be-
tween a valve bonnet and a valve body, or between two line

flanges or other flanged annular elements such as illus-

trated in Figure 1.

Figure 3 is an enlarged fragmentary section of a
metal-to-metal seal according to the present invention
between two pipes interconnected by an external pipe
coupling.

Figure 4 and 5 are enlarged fragmentary sections
of a blind pipe flange secured to a pipe end and a metal-
to-metal seal of the present invention providing a fluid-

tight seal therebetween.

Figure 6 is an enlarged fragmentary section of
another embodiment of metal-to-metal séal according to the
present invention, wherein the seal element-surrounds a
cylindrical metal surface.

Figure 7 illustrates another embodiment of the
present invention wherein a metal seal element of general-
ly U-shaped configufétion (in cross-section) is employed
to'provide a metal-to-metal seal between a cylindrical
shaft and a surrounding annular member.

Figure 8 illustrates yet another embodiment of

the present invention wherein a generally step-shaped
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metal seal element provides a metal-to-metal seal between
two cylindrical surfaces which it surrounds.

Figure 9 illustrates still another embodiment of
the present invention wherein a metal seal element with
four sealing lips establishes a metal-to-metal seal be-
tween an inner cylindrical surface and two outer cylin-

drical surfaces.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In reference to Figures 1 and 2, and as best

seen in Figure 2, a metal-to-metal sealing system accord-

ing to the present invention comprises an annular metal

seal element 10 with a base portion 12, a sealing lip 14
with a round or generally curved séaling face l4a, and an
intermediate portion 16 interconnecting the base portion
and the lip, and a cylindrical metal surface or wall 18
against which the lip 16 presses in an interference fit
relationship when the seal element is in functional posi-
tion. A lead-in chamber 20 on the cylindrical metal sur-
face 18 provides a means to install the metal seal element
10 into its illustrated functional position, and the
cylindrical surface 18 has an axial length adequate to
assure that the face 1l4a of the seal element is always in
contact with the surface 18 regardless of relative move-
ment therebetween in response to teﬁperature fluctuations.
In this embodiment of the present invention the
seal element 10 also has a central web portion 22 that
extends outwardly from the base portion 12 to fit into

relieved areas 24a, 24b in the adjacent faces of annular
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ly positioning the seal element and
ocation. These flanges 26 can be
ellhead elements as seen in Figure

anges 26 can be attached to a casing

head 30, a tubing head 32, a block valve 34, or annulus

outlets 36.

aAs further indicated in Figure 1, the metal-

to-metal sealing system of the present invention also can

be in a wellhead as (1
mandrel casing hanger

bushing seal 44 betwee
the tubing head 32, (3
hanger couplings 50 in
system, and (4) an ext

52.

since the se

) an annulus seal 40 between a
42 and the tubing head 32, (2) a
n an annular hanger bushing 46 and
) an annulus seal 48 for tubing
a dual tubing string completion

ended neck hanger seal as shown at

aling face l4a of the seal element's

lip 14 is round or curved in configuration it does not

cause damage to the cy

lindrical surface against which it

presses when in functional position. This rounded sealing

face l4a also allows minor axial mis-alignment between the

seal element and coope
for example between a
ment, to be accommodat

Tests on wel
to;metal seal system a

have shown that the su

rative cylindrical surface, such as
tubing hanger and the adapter ele-
ed.

lhead equipment utilizing a Qetal—
ccording to the present invention

rface finish at the area of contact

between the seal element and the cylindrical surface can

be as rough as 125 mic

ro-inches R.M.S. without jeopardiz-
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ing the fluid-tightness of the seal. This advantage con-
trasts significantly with the highly polished surfaces
required in some other metal-to-metal seal systems, and
provides cost-reduction opportunities in the ménufacturing
5 process.

Additional advantages provided by the present
invention include(l) the fact that the cylindrical config-
uration of the surface against which the seal element's
lip_presses is substantially easier to manufacture than

10 surfaces of other configurations, such as conical, hereto-
fore employed in other metal-to-metal seal systems, and
(2) no special bolting or clamping arrangements are
necessary.

DESCRIPTION OF THE OTHER EMBODIMENTS

15 . Figure 3 illustrates a dual metal-to-metal seal

system according to the present invention, wherein an

annular metal seal element 60 with two round sealing lips

60a, 60b provides a fluid-tight seal between two adjacent

pipe ends 62, 64 that are secured together by an outer

20 annular pipe coupling 66 into which the pipe ends are
threaded. The internal end surfaces 62a, 64a of the pipe
ends are cylindrical, an annular chambers 62b, 64b facili-
tate installation of the seal element into an interference
fit within the surfaces 62a, 64a.

25 . Figure 4 and 5 illustrates the use of a
metal-to-metal seal system of the present invention for
sealing blind flanges 70 and 72 to a flanged end 74 of a

pipe. In the Figure 4 embodiment the seal element 76 is
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integral with the flange 70, whereas in Figure 5 the ele-
ment 78 is formed separately and then welded or otherwise
fixed to_the flange 72. In both embodiments the rounded
faces 76b, 78b or the seal element lips 76a, 78a fit in an

interference relationship against the inner cylindrical

surface 74a of the pipe 74.

Figure 6 illustrates the use of a metal-to-metal
seal system of the present invention to establish a fluid-
tight barrier between an outer annular element 80 and an
inner pipe or other annular element 82. The annular metal
seal element 84 is shown as welded to the outer element
80, and the seal's rounded lip surface 84a presses against
the outer cylindrical surface 82a of the inner element 82,
thereby containing the pressure in the annulus 86.

Figures 7 and 8 illustrate two versions of a
dual meﬁal-to—metal seal in accordance with the present
inventién, both for sealing an inner cylindrical réd,
axle, shaft, or the l;ke 90 to an outer annular element 92
(Fig. 7) and 94 (Fig. 8).

The generally U-shaped (in cross-section)
annulaf seal element 96 of Fig. 7 has inner and outer
seaiing lips 96a, 96b each with rounded surfaces that
press against cylindrical surfaces 90a and 9%92a, respec-
tively, to establish a fluid-tight barrier between the
eléments 90, 92.

If the Figure 8 embodiment the annular metal
seal element 98 is generally step-shaped in cross-section,

and the sealing lips 98a, 98b are rounded where they
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contact the cylindrical surfaces 90a, 94a, respectively,
in an interference fit relationship. Accordingly, fluid
pressure in the annulus 100 is retained between the rod 90
and the outer element 94.

Figure 9 illustrates yet anotﬁer embodiment of
metal-to-metal seal system according to the present inven-
tion, herein of an arrangement to seal between two outer
annular elements 110, 112 surrounding an inner annular
element 114. 1In this embodiment the annular seal element
116 includes four sealing lips ll6a, 116b,'116c and 1164
each with a rounded surface for engaging a cylindrical
surface such as 1ll4a, 110a and 1l2a in an interference fit
manner, and an outwardly extending annular web llée that
cooperates with a grove 118 formed by opposed relieved
afeas in the end faces of elements 110, 112 to retain the
seal element 116 in proper, functional position.

Although the best mode contemplated for carrying
out the present invention has been herein shown and de-
scribed, it will be apparent that modification and varia-
tion may be made without departing from what is regarded

to be the subject matter of the invention.
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What is claimed:

1. A fire-resistant metal-to-metal fluid seal
system for isolating fluids subjected to cyclic variations
in temperature and/or pressure, comprising:

' a) an annular metal seal element having

1) a base,

2) a sealing lip with a sealing face of
curved cross-sectional configuration,
and

3) an intermediate lip-supporting portion
extending between the base and the
sealing lip; and

b) a metallic cylindrical surface against

which said sealing lip presses in an inter-

ference fit relationship when in functional
position therewith, said cylindrical sur-
face having an axial dimension sufficient
to assure continuous contact thereof with
said sealing lip regardless of the magni-
tude of expansion and contraction experi-
enced by the seal system in response to
temperature and/or pressure fluctuations.

2. A metal-to-metal seal system according to
- claim 1 wherein the seal element has a single sealing lip.

3. A nmetal-to-metal seal system according to
claim 1 wherein the seal element has a plurality of seal-

ing lips.

4. A metal-to-metal seal system according to
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claim 3 wherein the seal element has two sealing lips dis-
posed for establishing a fluid-tight seal with two sepa- 5
rate cylindrical éurfaces. ;
5. A metal-to-metal seal system according to
claim 4 wherein the seal element includes a web portion
intermediate the two sealing lips to locate and retain
said seal element in functional position with respect to
the cylindrical surfaces.
6. A metal-to-metal seal system according to
claim 3 wherein the seal element has a geﬂerally U-shaped
cross-sectibnal configuration, and inner and outer sealing
lips for establishing a fluid seal in the annulus between
two concentric cylindrical surfaces.
7. A metal-to-metal seai system according to
claim 3 wherein the seal element has a generally step-
shaped cross-sectional configuration, and inner and outer
sealing lips disposed to provide a fluid seal between two
coaxial cylindrical surfaces.
. 8. A metal-to-metal seal system according to
claim 3 wherein the seal element has a generally H-shaped
cross-sectional configuration, and at least three sealing

lips to provide a fluid seal with at least three separate

»

cylindrical surfaces.

9. A metal-to-metal seal system according to
claim 8 wherein the seal element has four sealing 1lips,
two disposed to sealingly engage one or more outer cylin-
drical surfaces surrounding said seal element, and two

disposed to sealingly engage one or more inner cylin-
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drical surface surrounded by said seal element.

10. A metal-to-metal seal system according to
claim 9 wherein the seal element further includes a web
portion to locate and retain seal element in proper func-
tional position.

11. A metal-to-metal seal system according to
claim 1 wherein the metallic cylindrical surface also has

a lead-in chamber to facilitate installation of the seal

element into sealing engagement therewith.
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