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(57) Abréegée/Abstract:

An annular sealing element (12) to seal between metal surfaces for use In flanges, joints, packers and the like, located In oll and
gas exploration and production equipment. The sealing element has inner and outer metal deformable surfaces (20, 22) joined at
ends (24, 26), defining an interior volume (30) which Is entirely filled with a plastic deformable material (28). The surfaces are
arranged such that on compression of the element (12) from the ends (24, 26), the element will deform In a controlled manner on a
cantilever principle. The volume of filler (28) and the Interior volume (30) remain substantially equal during compression so that
delamination does not occur. Thus the sealing element provides a seal combining the flexibility of elastomer seals with the integrity
of a metal to metal seal.
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(57) Abstract: An annular sealing element (12) to seal between metal surfaces for
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use in flanges, joints, packers and the like, located in oil and gas exploration and
production equipment. The sealing element has inner and outer metal deformable
surfaces (20, 22) joined at ends (24, 26), defining an interior volume (30) which is
entirely filled with a plastic deformable material (28). The surfaces are arranged
such that on compression of the element (12) from the ends (24, 26), the element
will deform in a controlled manner on a cantilever principle. The volume of filler
(28) and the interior volume (30) remain substantially equal during compression
so that delamination does not occur. Thus the sealing element provides a seal com-
bining the flexibility of elastomer seals with the integrity of a metal to metal seal.
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Improved Seal
The present invention relates to seals used between metal
surfaces and in particular, though not exclusively, to an
annular seal for use in flanges, joints and packers
located in oil and gas exploration and production
equipment.
Typical annular seals used to prevent the passage of

fluid between two surfaces are elastomeric o-rings. The
material makes them flexible eﬁough to mould into any
deformities in the metal surface, while their

compressibility aids in providing a large sealing area.

"HoWever, these seals can go beyond their operational

limits when used within well bores during oil and gas
exploration and production, due to the extremes of
pressure, temperature and the harsh substances which are
used. In 6rder to overcome these“problems,"metal to
metal éeals have been deﬁeloped to provide increased seal

strength and reduce seal degradation.

These metal to metal seals have found application in

flanges, for example. When API 6A or similar flanges are
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manufaétured, the groove has an exact geomeﬁry and
surface finish. The sealing ring 1s a solid metal ring,
which is compressed against the seal ring grooves to make
the metal-to-metal seal. This is'typically achieved by
tightening the bolts on the flange. As there is no or
little flexibility in the seal, side loading can reduce
or remove any seal formed between the groove and flange.
Furthermore, older flanges, which are subject to
cofrosion, can léak..As there is no compliance within the
solid metal ring, once a leak appears the seal cannot be
re-seated without re-tightening the bolts. In sub-sea
applications, it 1s very expensive to monitor each.flange

and tighten the bolts as part of a maintenance programme.":

To overcome this problem, seals incorporating the
strength of ﬁetals together with the flexible
characteristics of elastomers have been developed. EP
1136734, DE 3633335 and DE 3712814 all disclose flange
ring seals using metal and elastomeric parts. These
seals generally'comprise~a metal insert in the
elastomeric'materiél. ' While this design provides a seal
'with.imprdved rigidity, the seal against the flange is
madé by the elastomer, which has the inherent

disadvantage of seal degradation.

Inpackers,’it is known to position an elastomeric sleeve
around a tubing} the sleeve beingolimited by'upper and
lower retainers. In ofder to provide an annular seala
and/or anchof the tubing in a well bore; one or both of
the retainers are"moved toward the other. This results in
compression of tﬁe sleeve so that it deforms radially
outwardly to £ill the space between the.tubing and a bore

hole wallﬂor tubular and adhere to the bore hole wall or

PCT/GB2004/003631
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tubular. Various arrangements have been provided in an
attempt to ensure a sufficient portion of the sleeve
contacts the borehole or tubular wall to éffect a good
seal while maintaining the sleeve witﬁin the retainers
during compression. In addition, the surface of the seals
have been modified to improve adhesion to the borehole
wall. Further, metal to metal seals as described above,

have been 1ncorporated.

WO 02/04783 to Moyes discloses a deformable member
compriéing a:generally hollowcylindricél body defining a
wall, the wall includes three circumferential lines of
weakness in the form of grooves, with two grooves

provided in an outer surface of the member wall, and the

other groove provided in an inner surface. The member is

deformed outwardly to provide a seal, by folding about
the lines of weakness. The member is typically made of a
tough malleable material such as carbon steel. A
disadvantage of this seal is that by introducing lines of
weakness to help:the seal deform, the whole structure 18
weakened. As a résult thick sections are required to::
prevent the element from.collapsing under pressure

differentials.

US 5,988,276 to Oneal discloses a compact retrievable

well packer which also utilises deformable cylindrical

" members to form the annular seal and also to lock the

well packer in situ. As with Moyes, thick sections are
required to prevent the sealing element from collapsing:

under pressure differentials.

- US 5,961,123 to Ingram et al discloses a seal arrangement

-~ which is designed to prevent the seal from.extruding
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uphole or downhole when subjected to extremes of
differential pressure. In this arrangement the seal
material is bounded at either end by metal back-up rings,
these rings may be attached to the seal or, as disclosed
in US 5,961,123, be attached to;bne of the retainers.
This seal has the typical disadvantages of elastomeric
based seéls which can be degraded easily by heat and

chemicals used downhole.

US 5,775,429 to Arizmendl et al discloses a seal
:includihg'a deformable sheath haﬁing a bodyqand first and
second ends fof defining an interior volume proximate to
a tool surface. The tool surface 1is the tubihg. A
material located within the interior volume is
deformable, when the sheath second end ié moved toward
the sheath first end. The sheath is typically a
relatively thin walled tubular member formed from
materials;like stainless steel or titanium. The filler
material within the interior volume plastically deforms
to advantageously allow the seal to bevusedﬁoval shaped
bore holes. Unfortunately this seal does not perform well
inzpractiée..As the filler material is restrained by the
tubing, volumetric changes in the seal distort the seal
and reduce the effectiveness of contact with the bore
hole wall or tubular. These volumetric changes occur as
the sheath ends are brought together before the seal

meets the bore hole wall or tubular and is pressurised.

It 1s an object of at least one embodiment of the present
invention to provide a sealing element which is flexible,

like an elastomeraséai, but is fully metal to metal.
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It is a further object of at least one embodiment of the
present invention to provide a sealing element having a
fully enclosed filler material to provide improved

sealing properties of the element.

It is a yet further object of at least one embodiment of
the present invention to provide a sealing element which

deforms in a controlled manner on a cantilever principle.

According to a first aspect of the present invention
there is provided a sealing element for providing a seal
between a first and a second sﬁrface, the element
comprising an inner deformable surface, an outer

the inner and outer surfaces being"
providing a body
defining an interior volume entirely bounded by the said
surfaces and said ends, a deformable filler material
within said interior volume, wherein the element deforms
in a predetermined manner to seal between the first and
second surfaces when said ends are brought toward each

other.

By entirely enclosing the deformable filler material
within the element, the material acts as a filler within
a continuous body. This allows the shape of the volumenof
the element to change as the ends are'brought together
but minimises any change in the said interior voiume.j&yu
minimising any change in the interierovolume until
pressure 1s applied across the seal, the seal will deform
in a predetermined manner. As discussed herelnbefore, as
a dlsadvantage with respect to the seal of Us 5, 775 429,
delamination of the flller from the sald surfaces w111

occur unless the'volume change is minimised. This feature
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of the seal helps prevent‘the seal collapsing when
pressure 1is applied.acrbss the seal, between the inner

and outer surfaces.

Preferably, the inner and outer deformable surfaces are

sleeves, Such an

the element thereby being annular.
arrangement can provides a seal around a mandrel or
tubing. Alternatively the arrangement can provide an
annular seal for a flange. Preferably the inner'ahd‘outer

surfaces are deformable metal sleeves. Preferably the
inner and outerisurfaces define a first shape containing
the interior volume. Fdllowing deformation the inner and
oﬁter surface define a éecond shape. Preferably the
second shape is a cantilever structure arranged
longitudinally between the ends. Preferablythe first and
second shapes are predetermined. The first and second
shapes:may'be annular having éjpolygon in longitudinal
cross-section. Advantageously the polygon is symmetrical
écross the horizontal plane. In a first embodiment the
polygoﬁ has ten sides. In azpreferredﬂémbodiment the
polygon has fifteen sides. The shape of. the polygon, but
not the number of sides, varies as the sealing element 1is
deformed. Preferable the Outer surface defines at leaSt“
two peaks and at least one trough. Preferably also the
inner surface defines at least two peaks and at least one
trough. In a preferred embodiment the outer surface
defines twﬁfpeaks and 6ne trough:and the inner surface

defines three peaks and two troughs.

Preferably the deformable filler material has a first
volume. Advantageously the first volume equals the .
1nter10r volume and.both remain substantlally equal as

the ends are'brought together. The deformable,f;ller
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material may be an elastomer, plastic or other flexible

material. Advantageously the filler material is a
plastic. Use of a plastic is possibie as the filler

material will allow the seal to have a higher temperature -

- rating than an elastomer, but being entirely encased in

metal will not extrude as can be seen with elastomers and
such plastics which have unsuitable mechanical

properties.

Preferably the outer sﬁrface includes a plurality of
outer ridges.:The outer ridges bite into the second
surface. The is advantageous when the second surface is a
wall of the well bore, in a well which 1s open hole, or a
tubing wall for a well which is cased. Preferably the
outer'rldges are arranged 01rcumferent1ally around the
outer surface. Advantageously a sealant materlal 1S
applied to at least a portion of the outer surface. More
preferably the portion is between the outer ridges. The

sealant material may be Teflon® or the like. The sealant

‘material provides a seal in the event that the primary

metal seal of the outer surface falls to work.

Optionally at least one metal insert is located on at

least a portion of the outer surface. More preferably'the

portion is between the outer ridges. Preferably the metal

insert is a ductile inert metal. the

More preferably,
metal insert is gold. The metal insert could be"the
: instead of the deformable surfaces or the
sealant mater1a1 The ductile insert could deform.to
accommodate any scratches or other dlscontlnultles, which

the outer surface may not.
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.Accofding to a second aspect of”the present invention
there 1s provided a method of providing a seal between a
first and a second surface, the method comprising the
steps:

(a) providing a sealing element aceording to the first
aspect, having a first interior volume and a first
shape with a filler having a first volume
substentially equel to the first interior volume;

(b) arranging the element adjacent the first surface and
oppositerthe second surface;

(¢) moving one or both ends of the sealing element
toward the opposing end;

(d) deforming the sealing element in a controlled manner
to provide a second shape while keeping the first
interior volume and the first volume substantially
equal |

() contacting the sealing element on the first and
second surfaces to provide the seal; and

(£) further moving one or both ends of the sealiné
element toward the eppesing end to provide a
pressure across the sealing element between the

“inner and outer surfaces.

-~ By keeping the volumes substantially equal, delamination
- of the filler material from the inner and outer surfaces

1s prevented. By avoiding delamination this helps prevent

the seallng element collapsing when the pressure 1s

applied across the sealing element in step (£) .

Preferably, the sealing element forms a cantilever

structure during deformation.
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Preferably the method inéludesqthe step of deforming the

outer and inner surfaces of the sealing element.

Preferably also the method includes the step of abutting
ridges of the sealing element onto at least the second
surface. Advantageously the step includes the ridges

biting into the second surface.

Preferably the method further includes the step of
abutting a sealing material of the sealing element to at
least the second surface to"improve the sealing

characteristics.

Preferably the method further includes the step of

abutting ahmetal insert of the sealing element to at
least the second surfaceoto°improve the sealing

characteristics.

According to a third aspect of the present invention
there is provided apparatus for providing a seal between
a first and a second surface within in a well bore, the
apparatus comprising a substantiallf tﬁbular body'upon
which is located the first surface; a sealing element
located around the tubulér body, comprising an inner
deformable sﬁrface, an outer deformable surface, the
inner and outer suffaces being joined at opposed first
and second ends,'pioviding a sealing body defining an
interior'voiume entirely bounded by the said surfaces and
said ends, a deformable filler materialwwithin said
interior volume; at least ohe°actqating element arianged
around and longitudinally moveable relatiﬁe to the body;
the actuating elementaincluding-means:for affiking an emi

of the sealing element; wherein the sealing element
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10
deforms in a predetermined manner to seal between the

first and:secondosurfaces when said ends are brought

toward each other by movement of the actuating element.

Preferably the apparatus comprises a packer or other

downhole tool. More preferably the apparatus comprises a
retrievable packer. Alternatively the apparatus

comprises an expansion joint or other travelling seal.

Preferably the at least one actuating element is a cone.
The cone having a bore therethough for passage of the
sealiﬁg bddy; Preferably there are two cones, one locéted
at each-eﬁd of the sealing element. Preferably also at
least one cone 1s releasably retained to the tubular

body. The cone may be retained by shear pins.

Alternatively the at least one actuating element is a
threaded ring. By tightening the ring against an end,

the seaiing element 1s pre-loaded.

Preferably, the inner and outer deformable surfacés are
sleeveé, the element thereby being annular. Such én
arrangement provideé a seai around a mandrel or tubing.“_
Preferably the inner and outer surfaces are deformable
metal sleeves. Preferably the inner and outer surfaces
define a firét shape'contaiﬁing the interior volume.

Following deformation the inner and outer surface define

‘a second shaée.°Preférably the second shape is a

cantilever:structure arranged longitudiﬁaily'between the
ends. Preferably-themfirst and second shapes are »
predetermined,the first and second shapes may be annular
having a polygon‘indlongitudinal crqss—ééction. :

Advantageously the polygon is symmetrical on thé"across
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the horizontal plane. In a first embodiment the polygon

has ten sides. In a preferred embodiment the polygon has

fifteen sides. The shape of the polygon, but not the
number of sides, varilies as the sealing element is

deformed. Preferable the outer surface defines at least

- two peaks and at least one trough. Preferably also the

inner surface defines at least two peaks and at least one
trough. In a preferred embodiment the outer surface
defines two peaks and one trough and the inner surface

defines three peaks and two troughs;

Preferably the deformable filler material has a first
volume. Advantageously the first uolume equals the
interior volume and both remain substantially equal as:
the ends are brought together. The deformable filler
material may be an elastomer or a plastic. Advantageously
the filler material is a plastio. Use of a plastic is
possible as the filler materialowill not be affected by

heat, being entirely encased in metal.

Preferably the"outer surface includes a plurality of
outer ridges. The outer ridges bite into the second
surface in the well bore. The second surface may be a
wall of tue well bore, when the well'ie open hole, or
tubing wall when the well is cased. Preferably the outer
ridges are arranged 01rcumferent1ally'around the outer
surface .Advantageously a sealant materilal is applied to
at least a portion of the outer surface. More preferably
the portion is betweenlthe;outer ridges. The sealant
material may be Teflon° oY the_like, The sealant material
provides a seal in the event that the primary metal seal

of the outer surface fails to work.
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Optionaily at least one metal:insert 1s located on at
least a portion of the outer surface. Mdre preferably the
portion is between the outer ridges. Preferably the metal
insert is a ductile inert metal. More preferablY} the
métal insert is gold. The metal insert could be the
primary seal, instead of the deformable surfaces or the
sealant material. The ductile insert could deform Eo'

accommodate any scratches or other discontinuities, which

- the outer surface may not.

According to a fourth aspect of the present invention
there 1s provided a method of anchoring an apparatus to

an inner surface of a well bore, the method comprising

the steps:

(a) ”providing an apparatus according to the third
aspect, having a first interior volume and a first
shape with a filler having a first wvolume
substantially'equal to the first interior volume;

(b) running the apparatus on a work string in the well
bore; '

(c)"movingzoné or both ends of the sealing element
toward the opposing end;

(d) deforming“the sealing element in a controlled manner
to pfoﬁide a second shape while keeping the,first
interior volume and the first volume substantiélly
:equal;h : 4 |

(e) contacting the sealing element on the first and
second surfaces; and :

() further moving one or both ends of the sealing
element towérd the opposing end to prbvide a

pressure across the sealing element between the
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inner and outer surfaces thereby anchoring the

apparatus to the second surface.

- Preferably, the sealing element forms a cantilever

structure during deformation.

Preferablythemethod.includes"the step of deforming the

outer and inner surfaces of the sealing element.

Preferably'also the method includes the"step of abutting

ridges of the sealing element onto the second surface.
Advantageously the step includes the ridges biting into

the second surface.

Preferably the method further includes the step of
abutting a sealing material of the sealing element to the

second surface to lmprove the sealing characteristics.

According to a fifth aspect of the present invention

there 1s provided a flange ring seal for location in'a

groove of a mating plate of a flange, the seal comprising

an inner deformable surface, an outer deformable surfaqe,
the inner and outer surfaces being joined at opposed
first and second ends, providing a Séaling body definimg"
an ilnterior volume entirely’bounded by the said surfaces
andsaid‘ends, é"deformable filler material within said
interior volume} wherein an eﬁd.is arranged to locate in
thé grooﬁe of the flange and wherein the seal deforms in
é predetermined manner an opposing mating plate .is
brought agailnst the mating plate to seal betwéen the

plates.

Preferably, the inner and outer deformable surfaces are
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inner and outer surface"define a second shape.

the filler material is a plastlc

14

sleeves, thus forﬁing the ring. Preferably the inner and

outer surfaces are deformable metal sleeves Preferably
the inner and outer surfaces define a flrst shape

containing the interior volume. Follow1ng deformation the

the second shape is a cantilever structure arranged
longitudinally between the ends. Preferably the first and
second shapes are predetermined. The first and second
shapes may be annuler having a polygon in 1ongitudine1
cross—section..Advantegeously'the polygon is symmetrical
on the across the horizontal plane. In a first embediment
the polygon has ten sides. In a preferred embodiment the
polygon has fifteen sides.

not the number of sides,

The shape of the polygon, but
varies as the sealing element is
deformed. Preferable the outer surface defines at least
two peaks and at least one trough. Preferably also the
inner surface defines at least two peaks and at least one
trough. In aepreferred embodiment the outer surface
defines twepeaks and one trough and the inner surface

defines three peaks and two troughs.

Preferably the deformable filler material has a first

 volume. Advantageously the first volume equals the

1nterlor'volume and both remain substantially equal as
the ends are brought together The deformable filler

:materlal mayibe an elastomer or a plastlc Advantageously

Use of a plastlc 1s-
;p0851b1e as the filler materlal will not be affected.by

heat, being entlrely'encased in metal.

Embodiments of the present invention will now be

described, by way of example only, with reference to the

follow1ng drawlngs of which:

Preferably' |
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Figure 1 is a cross-sectional view a packer tool
incorporating a sealing element according to an
embodiment of the present invention, with the element un-

set;

Figure 2 is a cross-sectional view through the tool of

Figure 1, now shown in the set position;

Figure 3 is a cross-sectional view a paéker tool
incorporating a sealing element according to a further
embodiment of the present invention, with the element un-

set ;

Figure 4 1s a cross-sectional view through the tool of

Figure 4, now shown in the set position;

Figure 5 is a part cross-sectional view of a portion of
the outer surface of a sealing element according to a

further embodiment of the presént invention;

Figure 6 1is a part cross-sectional view of an expansion
joint incorporating a sealing element according to a

further embodiment of the present invention; and

Figure 7(a) is a schematic cross-sectional view through

mating flanges‘incdrporating a seéling elemént, shown in
detail in Figure 7 (b), accdrding to a further embodiment

of the présent invention.

Referring initially to Figure 1, there is illustrated a

‘downhole tdol; generally indicated by reference numeral

10, according to an embodiment of the present invention.

PCT/GB2004/003631
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Downhole tool 10 is a packer, being an apparatus for!
providing a seal between a first and a second surface
within in a well bore. Located on the toolulo, 18 a
seaiing element 12, according to an embodiment of the
present invention. Tool 10 operates by filling the space
14 between the tool body 16 and a bore hole wall, such as
a casing 18, to provide a seal between the tool 10 and

the casing 18.

Sealing element 12 comprises a generally cylindrical
sleeve which surrounds the tool body 16. Element 12 is
formed as two concentfic metal sleeves, an"innér sieeve;
20 and an outer sleeve 22. The sleeves are joined at
upper 24 énd lower 26 ends. Between the sleeves 20,22 1is
located a filler 28. The filler is entirely contained
within the sealing element 12 and bounded on all sides by
the metal sleeves 20,22. Thué an interior volume 30
defined by the metal sleeves 20,22 contains an equal

vdlume of the filler 28.

The sleeves 20,22 are made of a deformable metal. The
metal is typically stainless steel and the thickness of
the sleeﬁe 20,22 is selécted to ensure that the steel is
deformable under pressure; The sleeves are pinched

together at the ends 24,26. The filler 28 is also of a

- deformable material. The filler may be a plastic .

elastomer. Hdwever, as the filler 28 is entirely encased
in metal, it is not affected by heat and thus a plastic,

such as Teflon®, is preferable.

The inner sleeve 20 provides an inner surface 32 facing
an outer surface 34 of the tool body 16. Inner surface 20

is geometrically arranged to provide two symmetrical
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peaks 36a,b running circumferentially around the surface
20. Peaks 36a,b rest dn#thé surface 34 of the tool body
16. A trough 38 lies between the two peaks 36a,6. Trough

- 38 has symmetrical sloping side walls with a flat base
lying parallel to the surface 34 of the tool body 16.

The outer sleeve 22 has a similar geometricaliarrangement
on its outer surface 40 to that of the inner surface 32.

However peaks 42a,b are somewhat closer together

zprOViding a narrower trough 44. The bases of each trough

38,44 are approximately equal in length.

- When viewed together in cross-section, the surfaces 32,40

provide a poiygon having ten sides. Each side 1is
substaﬁtiallyflinear. The polygoﬁ is symmetrical on a
plane perpendicular to the well bore. The geometricai
arrangement of the sealing element 12 i1s selected so that
when the ends 24}26 are brought together the element 12
will deform in a controlled ménner. The peaks 36,42 and
troughs 38,44 will act like fold lines on the sleeves
20;22 and the‘element 12 will form a cantilever

structure, best seen in Figure 2.

In Figure 2, the ends 24,26 have been brought togetheriby
the longitudinal displacement of the:end 24 towards the «
elemehtvlz. Trough 38 has been'forced radially°outwards
aﬁd meéfs"trough 44 . With the sleeves 20,22 meeting, the
filler material is cbntained in twohéhambers'46a,b. The
peaks 36,42 are now more acute so that the element 12 |
bridges the space 40. It should Bé noted that the:element

12 provides a cantilever structure which supports the

~seal 12 and allows the tool 10 to be anchored to the

casing 18 by the élips 66. The filler 28 supports the



O 0 3 &6 U1 d W M B

w W W N DN DD DN DN DN DN NN NN DN R R R MR R =R
N B2 O W 0 3 00 Uk W NN B O VW 0O N80 Uk W BOO

WO 2005/022012

CA 02537153 2006-02-27
PCT/GB2004/003631
18 |

seal 12 to prevent the seal ffom.collapsing with preséwré
applied frqﬁ the end 24 . The.interior'volﬁme 30 and the
volume of the filler 28 remain substantially the same
between the two positiéns, Figure 1 and Figure 2. The
filler 28 has remained in contact with the continuous

surface formed'by the sleeves 20,22 and defining the

interior volume 30. As delamination has not oécurred,iﬂua

filler 28 helps prevent the seal 12 collapsing when

pressure 1s applied across the seal between the surfaces

32,40 when the seal 12 is in contact with the casing 18.

Returning to Figﬁre 1, sealing element 12 is mountedupaﬁ
ﬁool body 16. The ends 24,26 locate into opposed fixings
48a,b. The fixings 48a,b hold the sleeves 20,22 tdgether
to provide the interior volume 30 where the filler 28 is ,
located. At the upper end 24 of the seal 12 is located an
upper cone 50, which i1s formed as a sleeve having a.
sloping surface 54. Cone 50 fits over the tool body 16

and is held against the"bodyby shear piﬁs 52a,b. The
cone 50 has an outer sloping section 54 and a lower lip
56. Idp 56 provides an overhang acroés'the seal 12 and

the seal 12 rests updn.it. The lip 56 covers the fitting

. 48a, thereby protécting the end 24 of the seal during

- operation.

At the lower end 26 of the seai 12 is located a lower
cohe 58. Cone 58 inéludes é sloping surface 60 and.a1ip
62 in an identical manner ﬁo cone 50. Cone 58 1s bolted
to the tool body 16 so that it cannot move during

operation of the tool 10}:Lbcated outside the cones 50,58

‘are slips 64,66 as are known in the art.
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1 In use, tool 10 is mounted on a work string (not shown)

2 and rﬁn into a well bore. The seal 12 is not set, as

3 iilustfated in Figlire 1, so that seal 12 iies toward the
4 body 16 and a space 14 exits between the tool 10 and the

5 cas:i.ng. 18 within the well bore. In this unset

6 configuration the tool 10 can be run without interfering

7 with any other operations performed in the well bore.

8 When the tool 10 has reached a 1ocation within the well

9 Dbore where an annular seal is required betweén the tool
10 10 and the casing, the tool 10 can be set. This 1is
11 achieved by moving‘ the cone 50 towards:.. the lower sleeve
12 58. It will be appreciated by those skilled in the art

13 that either or both cones 50,58 could be moved. It will
14 also be known by those in the art that various actuation
15 mechanisms such as wéight—setting and hydraulic actuation
16 can be rused to Cause movement of the cone 50. Shear pins
17 52a,b are sheared in the actuation to allow the cone 50
18 to move along the tool body 16. If cone 50 is the lower
19 cone, then holdirig the cone in position will provide
20 actuation by the relative movement of the work sti*ing and
21 the tooi 10 through the cone.
22 ' | :
23 Efféctively, cone 50 isvmoved towards sleeve 58.” The
24 compress“ion applies pressure longitudinally onto the seal
25 12. The pré.ssure causes the peaks '36,4"2 to move away from
¢26" each other wh::i.lé‘ the htroughs 38,44 move t.oward each
27 othér. It is the geofnétrical arrangement’,o'f the peaks and
28 troughs which cause the seal 12 to deform in this |

29 controlled manner. Deformation is complete when the
30 troughs meet. This 1is illbucstrated in Figure 2. Durihg the
31 deformation, the polygon has changed in shape, but the
32 1interior volum:e, 30 andu the volume of the filler 28 haxfe
33 remained subStantially equal and constant”throu’ghou—t. -
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Continued pressure forces the outer peaks 42 against the
casing 38 while the inner peaks meet the surface 34 of
the tool body 16. A seal 1is thus formed between the tool
16 and the casing 38. Additionally the seal 12 now .
anchors the tool 10 against the casing 38 at this
location.:The seal 12 1s set. The seal 12 prevides a
cantilever structure from the overhangs at lips 56,62.
The filler 28 located now in the two chambers 46a,b
supports the seal:and.prevents any’collapsing as
additional force is applied from the cone 50, and across
the seal from the casing 18. Slips 64,66 havebeen forced
up the slopes 54,60 to proVide{additional anchorage°to

the tool 10.

Sealing element 12 has ridges 68 located upon its outer
surface 40 The ridges 68 bite into the casing 38 in

order to effect the seal. A sealant material, Teflon®, is
located between the ridges 68 to provide an improved seal
1f the primary metal seal of the ridges 68 fail. This is

described with reference to Figure 6.

The tool 10 can be retrieved from the well bore, by
moving the ends 24,26 apart via movement of one or both

of the cones 50,58. Separation of the ends 24,26 pulls

" the seal longitudinally and the seal 12 returns close £o

its original shape. A space 14 is thus created between
the tool 10 and the casing 18 S0 that the work string can
be pulled from the hole. '

Referring now to Flgure 3, there 1is illustrated a sealing

‘element, generally 1nd1cated by reference numeral 112,

according to. a preferred embodlment of the present
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:invention. Like parts to the sealing element 12 of

figures 1 and 2 have been given the same reference

numeral with the addition of one hundred. Sealing element

112 operates in an identical manner to sealing element 12

'in providing a seal between two surfaces. For ease of

interpretation, ends are shown held in opposed fixings
148a,b as described hereinbefore with reference to

figures 1 and 2.

Sealing element 112 comprises a continuous cylindrical
annulus which may be described as a torus. The element

112 1s formed from two metal sleevee, a first 120 being

~arranged inside and coaxilal with a second 122. The

sleeves, 120,122‘afe joined at upper 124 and lower 126
ends by having adjacent sides of the sleeves meeting over
a short distance. The ends 124,126 of the sleeves 120,122
are held together by the fixing elements 148a,b. A
resultant interior volume 130 is created which is

entirely bounded by the sleeves 120,122 and the ends

'124,126. The interior volume 130 is completely filled
with a filler:128. The filler 128 contacts the sleeves

120,122 and ends 124,126. Each sleeve 120, 122 is formed

of a metal cogtinuous’metal strip. The metal 1is preformed

"into a shape calculated to deform in a predetermined

manner when the ends 124,126 are brought together. The

inner sleeve 120, in longitudinal cross-section, has a
surfacef132°which.is symmetrically shaped through a
horizontal plane:equidistant from the ends 124,126."Theu

surface 132 forms a seriles of peaks and troughs. There

are two troughs 138a,b which comprise opposing sloping

surfaces, bounding a single peak 136 which°is a plateau
boundedby'the sloping surfaces of the troughs 138a,b.

The outer sleeve 122 has aaprofile,134‘in reverse to the
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deform with the element 112,

22

inner sleeve 120 with respect to the element 112. There

are not distinct peaks 142a,b, opposing the proughe
138a,b. These have been.levelled to provide a sharp
sloping surface into the trough 144 opposite the peak
138. Each surface 132,134 is made up of a series of
straight sections so that the metal of the sleeve canﬁbe
bent aloﬁg fold lines to create the shape required. In
longitudinal crossésection through the torus, a polygon
1s created which defines"the interior volume 30 and the
volume of filler 128. "

By mirroring the pfofiles of the sleeves 120,122, when
the ends 124,126 are brought together the interior volume
130 remains substantially constant while the shape of the
sleeves 120,122 ie. the polygon, deforms iﬁ a manner to
accentuate the peaks and troughs. As the interior volume
130 remains substantially constant the filler 128 will
but will remain in contact
with the entire inside sutface of the sleeves 120,122 at
all times. In this way delamination is prevented which

would otherwise cause air pockets in the seal, weakening

“1its ability to withstand both longitudinal pressure

-applied from the ends 124,126 and transverse pressure

applied horizontally between the sleeves 120,122.

Reference is now made to Figure 4 of the drawings which

illustrates the seal 112 of Figure 3 when the ends

124,126:have been brought toward each other. This

represents the seal 112 in the ‘set’ position. Like parts

to those of Figure 3 have been glven the same referenoe

numeral to aid clarlty' It can be seen that the peaks

l142a,b now sit proud of the fixing elements 148a,b. .As

-the peaks 136, 138 142 are plateau like, they prOV1de
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planar surfaces té improve the sealing propertiesoof the
element 112. Thé area of contact of the seéling element
112zis thus predeﬁermined by the dimension of the peaks
136,138,142 in the shape of the original sleeves 120,122.
Further the"arrahgément of opposing peaks and troughs,
with a trough 144/peak 136 on the horizontal plane
bounded by symmetrically arranged peaks 142 and troughs
138, provides a"céntilever structure which strengthéns

the sealing element 112.

As described herein with reference to figures 1 and 2 the
peaks 142a,b on the outer sleeve 122 may include ridges

or other material to improve the grip of the sealing

element 112 wheh"these positions contact a surface within

a well bore. Such additionél features are illustrgted

with reference to Figure 5.

Figure 5 shows a part cross-sectional view through the
outer sleeve 22 of a sealing element 12. Like parts to
those of Figures 1 and 2 havé been given the§same
reference numeral to aid ciarity. Outer:surface 40 of
the sieeVe 22 has a number of ridges 68a,b located
theredht The ridges 68 are protrusions extending from
the surface. Whilé’they are illustrated as triaﬁgular in
cross-section, it will be understood that a variety of
forms could be used as long as they provide a 'bite' for

the seal 12 against the second surface (not shown).

Locafed between the ridges 68a,b on a ﬁortion 70 of the
surface 1s a sealant material 72. The material 72 can be
a cdéting or may be a treatment applied to the surface.
70. The céating:coﬁld bémetal; plastic oranother'

material which will conform to the second surface on
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contact. While the material 72 is shown as only located
between the ridges 68 it will be understood that the
ridges could additionally ox independently‘be coated.

Teflon® or the like, would be a suitable material 72.

A further feature of the surface 40 is in the provision
of a groove 74 fer an insert 76. .Atdiscrete locations
over the surface 40, grooves 74 in the forﬁ of indents
can be arranged. Into each groove 74 an insert 76 1s

fitted. It will be appreciated that any suitable

technique may be used for attaching the insert 76 to the

groove 74. The insert 76 is a metal, which is preferably

inert metal, the insert

a ductile, such as gold. In use,

76 would be the primary seal, 1nstead of the outer

surface 40 or the sealant material 72. The ductile
insert 76 will deform to accommodate any scratches or
other discontinuities, which the outer surface 40 may

not.

A further example application of use of the sealing
element of the present invention, is in an expansion
jeint. Figure 6 illustrates"an expansion joint,
generally 1ndlcated by reference numeral 310, as may be

found in a tool string run in a well bore. The joint 310

operates by allowing one portion, such as a ‘sleeve 313 to

move axially relative to the mandrel 315. A seal 312 is

located between the ‘moving parts with a pressure

differential between the outside and the tubing string.

The seal 312 is as described herelnbefore'w1th reference

to Figures 1-4. The seal 312 1s held on a mandrel 315,

the seal could.be
held on a hou81ng, with a moveable mandrel The seal 312

1S actlvated by applylng a pre- load to deform it
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slightly. A threaded ring 319 1is used to apply'the pre-
"load, but other methods could be”equallybe used. The

surface of the seal bore 317 i1s treated in such a manner
that friction and wear are minimised. This could be done

with tungsten carbide coating or other such methods,

the seal 312 slides

within the seal bore 317, maintaining a dynamic seal

during axial movement of the mandrel 315 within the

stationary seal bore 317.

Reference 1s nOW'made toFlgures 7(a) and 7(b),
illustrating a seallng element generally indicated by
reference numeral 412, being used as a flange sealing
ring. When flanges 421a,b are brought together to join
adjacent ?ipe sections 423a,b, a seal is needed to
prevent the escape of fluid from the pipe bore 425. Each
flange°421a,b includes a circular grooﬁe 427a,b located
on the surface 429%a,b of the flange plate 431a,b. The
seal 412 is sized to locate within the grooves 427a,b.
Indeed the grooves 427a,b are profiled to match the outer
surface of the ends 424,426 of the seal 412. Sealing
between the flanges 42la,b is achieved at the first

surface, being a combination of the inner edges 433a,b of

the grooves 427a,b respectrvely, and the second surface,

beling a combination of the outer edges 435a, b of the

grooves 427a b respectlvely

Sealing element 412 is as described with reference to

Figures 1-4, comprising an annular body. Element 412 is

formed as two concentrlc metal sleeves, an inner sleeve

420 and an outer sleeve 422. The sleeves are jOlned at

upper 424 and lower 426 ends Joining is by weldlng of

the sleeves 420,422. Between the sleeves 420,422 is
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~ of the inner surface 432.
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located a filler 428. The filler is entirely contained
within the sealing element 412 and bounded on all sides
by the metal sleeves 420,422. Thus an interior volume 430

defined by the metal sleeves 420,422 contains an equal

:volume of the fillexr 428.

Inner sleeve 420 is geometrically arranged to provide two

symmetrical peaks 436a,b running cilrcumferentially around
the surface 432. A trough 438 lies between the two peaks
436a,6.9Trough 438 has symmetrical sloping side walls
The.cuter sleeve 422 has a similar
geometrical arrangement on its outer surface 440 to that
However peaks'442a,b are
somewhat closer together providing a nairower trcugh 444

without a f£lat base.

As 1is seen in Figures 7(a) and (b) geometrical
arrangement of the sealing element 412 is selected SO
that when the ends 424,426 are brought together the
element 412'Will defcrmsqin:a controlled manner. The
peaks 436,442 and troughs 438,444 act like fold lines on
the sleeves 420,422 formingoa°cantilever structure, which
supports the seal. The filler 428 supports the seal 412
to prevent ﬁhe,seal from collapsing with pressure applied
from the ends 424. The interior volume 430 and the volume
of the fiiler 428°remainthe eame during ccmpression of
the seal 412. The flller 428 remalns in contact with the
continuous surface formed by the sleeves 420,422.
Delamination does not occur, thus the flller 428 helps
prevent the seal 412 collap51ng when pressure 1s applled

across the seal.
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The principal advantage of the present invention is that
by entirely enclosing a filler matefial within two |
sleeves, volumetric changes in the sealing element are
minimised and the seal will deform in a controlled.

manrneix.

A further advantage of an embodiment of.the present
invention is that it provides a sealing element, which by
forming a cantilever structure on deforming, produces a
strong sealwhich“canbe used to anchor tools in a well

bore.

A yet further advantage of an embodiment of the pfesent
invention is that it provides a sealing element which
does not collapse under pressure differentials. This ia
done without the need to thicken the sleevee as 1t 1s

of the

achieved by the ‘rubber pressure' filler within

the sealing element.

A still further:advantage of an embodiment of the present":

invention is that 1t prOV1des a seallng element which
does not use elastomers, thus heat and chemlcals'
typically'found in well bores will not affect the

operation of the seal.

A still further advantage of an.embodlment of the present
invention is that it prov1des a seallng element whlch.has

like an elastomer seal, but

~is fully metal-to metal.

A yet further advantage of at least one embodiment of the

present invention is that it provides_a sealing element

PCT/GB2004/003631
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which can be used in dynamic applications where it must -

slid while maintaining a seal.

It will be appreciatéd by those in the art that various
modifications may be made to the invention
hereindescribed without départing from the scope thereof.
For example, the overail size of the sealing element can
be varied to suilt the tool used. The applications

describe use 1n a packér, jbint and flange mating but the

 sealing element could equally be applied to a range of

subsea/downhole tools and equipment where a seal and/or

anchoring is required.
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CLAIMS

1. An annular sealing element for a downhole tool for

first and a second

face, the element comprising:

an i1nner sleeve providing an inner deformable

face and arranged concentric with an outer sleeve

providing an outer deformable surface, each of the

inner and outer sleeves being formed of

-~

a material

liable to plastic deformation, the inner and outer

sleeves being jolned at respective junctions of

opposed

F

first ends and second ends, providing a body

defining an interilior volume entirely bounded by the

said surfaces and sald ends,

a deformable filler

material within said interior volume, wherein the

filler material 1s a plastic;

comprise a plurality of

manner when said
second ends by deformation of
sleeves about their respective

thereby seal between the

first shape contalning said 1nterior volume,

de

whereln the i1nner and outer sleeves each

piven
p—

fold lines;

wherein the element deforms in a predetermined

first ends are brought toward said

e

the 1nner and outer

TO

fold lines,

first and second surfaces;

wherein the i1nner and outer sleeves define a

and

following deformation the i1nner and outer sleeves

fine a second shape, which 1s a cantilever

structure arranged longitudinally between the ends,

and

wherein the first and second shape are annular

having a polygon in longitudinal cross-section.
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A sealing element as claimed 1in Claim 1, wherein the

inner and outer surfaces are deformable metal

sleeves.

A sealing element as claimed in Claim 1 or 2,

wherein the polygon 1s symmetrical to a horizontal

plane, equidistant from the ends.

A sealing element as claimed in Claim 1, 2 or 3,

L.

wherein the deformable filler material has a first

volume which equals the interior volume and both

remaln substantially equal as the ends are brought

together.

A sealing element as claimed 1n any one of Claims 1

to 4, wherein the outer surface includes a plurality

=

of outer ridges.

A sealing element as claimed in any one of Claims 1

to 5, wherein a sealant material 1s applied to at

—

least a portion of the outer surface.

P
p—

A sealing element as claimed 1n any one of Claims 1

to 6, wherein at least one metal i1nsert 1s located

in at least a portion of the outer surface.

P
p—

A sealing element as claimed 1n any one of Claims 1

to 7, wherein each of the outer and inner sleeves 1s

rigid.

A sealing element as claimed 1in any one of Claims 1

to 8, wherein the ends of the outer and inner
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sleeves are located 1n abutment and held together by

respective fixing elements.

P

A sealing element as claimed in any one of Claims 1

to 9, wherein the outer and inner sleeves contain

.

the deformable filler when said ends of the sleeves

are brought toward each other.

o~

A sealing element as claimed in any one of Claims 1

to 10, wherein the filler 1s adapted to prevent the

sealing element from collapsing under applied

pressure.

Claims 1

0

A sealing element as clalmed 1n any one oO:

to 11, wherein the inner and outer sleeves are

pinched together at the first ends and the second

ends.

A sealing element as claimed 1in any one of Claims 1

to 12, wherein the element deforms 1in a

predetermined manner to sealingly contact the first

R

and second surfaces at the respective fold lines o:

the 1nner and outer sleeves.

A sealing element as claimed in any one of Claims 1

to 13, wherein the first and second surfaces

comprise respective opposing outer and inner

' d

surfaces otf

coaxial tubular members, and wherein the

element is disposed longitudinally between the first

and second surfaces and deforms in a predetermined

manner to sealingly contact the first and second

-

surfaces at the respective fold lines of the inner

and outer sleeves.
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15, A sealing element as claimed in any one of Claims 1

to 14, wherein the inner sleeve comprises at least
two troughs and at least one peak, and wherein the

inner and outer sleeves are asymmetrical.

l6. A method of providing a seal between a first and a

second surface, the method comprising the steps:

(a) providing a sealing element according to any one

of Claims 1 to 15, having a first interior

volume and a first shape, and wherein the filler

has a first volume substantially equal to the

first interior volume:

i

(b) arranging the element adjacent the first surface

and opposite the second surface;

(c) movling one or both ends of the sealing element

toward the opposing end;

(d) deforming the inner and outer sleeves and the

P

plastic filler material of the sealing element

1n a controlled manner to provide a second shape

while keeping the first interior volume and the

first volume substantially equal, wherein the

sealing element forms a cantilever structure

during deformation;

(e) contacting the sealling element on the first and

second surfaces to provide the seal, and

(f) further moving one or both ends of the sealing
element toward the opposing end to provide a

pressure across the sealing element between the

inner and outer surfaces.

17. A method as claimed in Claim 16, wherein the method

includes the step of deforming the outer and inner
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p—

surtfaces of the sealing element.

A method as claimed in any one of Claims 16 to 17,

wherein the method includes the step of abutting

g

ridges of the sealing element onto at least the

second surface.

.

A method as claimed in any one of Claims 16 to 18,

g

wherein the method includes the step of abutting a

sealing material of the sealing element to at least

the second surface.

A method as claimed 1n any one of Claims 16 to 19,

gr——

wherein the method includes the step of abutting a

metal i1nsert of the sealling element to at least the

second surface.

A method as claimed i1n any one of claims 16 to 20,

wherein the method 1s a method of anchoring an

F

apparatus to an 1nner surface of a well bore and

provliding a seal between the first and second

pr—tn

surfaces, the 1nner surface of the well bore

defining the second surface, and

wherein the step of providing the sealing element

comprises providing an apparatus including the

sealing element, and

wherein the step of arranging the element adjacent

the first surface and opposite the second surface
comprises running the apparatus on a work string in

the well bore and so arranging the element, and

further wherein the step of further moving one or

-

both ends of the sealing element towards the
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opposing end also anchors the apparatus to the

second surface.

)

A method as claimed in any one of claims 16 to 21,

1l

wherein the first and second surfaces comprise

H

respective opposing outer and inner surfaces of

coaxial tubular members.

A method as'claimed in claim 22, wherein the first

surface comprises an outer cylindrical surface

having a smaller diameter relative to the second

surface.

An apparatus for providing a seal between a first

and a second surface within 1n a well bore,
comprising:

a substantially tubular body upon which 1is

located the first surface;

a sealing element according to claims 1 to 15
located around the tubular body;

at least one actuating element arranged around

and longitudinally moveable relative to the tubular

body, the actuating element including means for

contacting an end of the sealing element;

wherein the sealing element deforms in a

predetermined manner to seal between the first and

second surfaces when said ends are brought toward

each other by movement of the actuating element.

The apparatus as claimed 1n Claim 24, wherein the at
least one actuating element 1s a cone, the cone
having a bore therethrough for passage of the
tubular body.
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26 . The apparatus as claimed 1n Claim 24, wherein the at

least one actuating element is a threaded ring.

27 . The apparatus as claimed 1n Claims 24, 25 or 26,

wherein the first surface comprises an outer

cylindrical surface and the second surface comprises

an opposing 1inner cylindrical surface.

28. An annular sealing element for providing a seal

between first and second metallic cylindrical

surfaces, comprising:

a metallic inner sleeve providlng an linner

deformable surface, an outer metallic sleeve

providing an outer deformable surface, the inner and

outer sleeves being joined together at upper and

pi—

lower junctions at opposite ends of the sleeves to

provide a body defining an elongated annular volume

entirely bounded by the said surfaces and said

junctions, and a deformable solid plastic filler
material within said volume;
wherein the i1nner and outer sleeves each

P

comprise a plurality of fold lines, and

wherein the element deforms about the fold lines

in a predetermined manner when the i1nner and outer
sleeves are compressed at the opposite ends, to

thereby form a metal-to-metal seal between the first

and second surfaces.
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