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the outer tubular member (14) and a plurality of fingers (28) are used to
force sealing element (20) The present invention relates to an improved
outwardly into sealing position. The projections device which is positioned
within a well bore in   (24) dig into the casing wall to provide the
sealing surrounding relationship to a tubing string to seal   5   but do
not carry out any gripping function to main- across the annulus between the
interior of the well  tain the sealing assembly in such position. casing
and the exterior of the tubing string.          U.S. Patent No. 4,302,018
discloses a well Prior tubing packers have included an annular   packer in
which a sealing ring (60) is forced out- resilient packer which is
positioned between shoul-  wardly between die surfaces by pressure and en-
ders which can be moved toward each other to  10  gages the interior of the
tubular member to which compress the packer axially so that it expands
they are to seal. It suggests an aluminum insert radially inward and
outward into sealing engage-   (136) in the outer sealing surface of the
titanium ment and also includes anchors which secure the    sealing ring
(130) which carried serrations (138). packer structure at a particular
level in the casing.  The softer aluminum provided the sealing. An example
of such a packer is shown in U. S.  15      An object of the present
invention is to provide Patent No. 2,387,003. Many types of packers have
an improved downhole tubing packer which pro- been available. Some packers
are set by move-      vides a metal-to-metal seal against the interior of
ment of the tubing string. Others are set by hy-   the casing. [err]
pressure transmitted to the packer.                According to the present
invention there is Annular wellhead seals have included seals  20  provided
a downhole tubing packer for sealing which seal across the annulus between
a housing    against a well string comprising a sleeve having and a well
string. Some of these seal have included  internal multiple camming
surfaces and an internal seals with legs which are wedged outward toward
recess, means for closing the recess to define an their respective sealing
surfaces as shown in U. S.  annular space, a piston movably positioned in
said Patent No. 4,131,287. One seal includes the wedg-  25  space and
having external multiple camming sur- ing of the legs into serrations in
the sealing sur-  faces which can coact with the internal multiple face.
This structure is shown in U. S. Patent No.  camming surfaces on the
sleeve, said piston being 4,595,053. U. S. Patent No. 4,550,782 discloses
an  movable in response to fluid pressure applied to annular ring seal
which is wedged into an annular  said annular space, space which it tapered
downwardly and outwardly  30    characterised in that said sleeve has a
plurality as is the ring seal.                                of external
annular groove and a plurality of lands It has been common practice in the
past to use  between said grooves, said lands and grooves pro- multiple
camming surfaces to wedge slips outward   viding gripping and sealing means
for gripping and into sealing engagement with the interior of the   sealing
against the interior of a well string, move- casing into which the slips
are to be set. These   35   ment of said piston in response to fluid
pressure, structures are disclosed in U. S. Patent Nos.      forcing said
sleeve outwardly so that said lands are 2,582,700 and 3,311,168.
urged to dig into the interior surface of a well string When a tubular
member is formed outwardly in    so that they are in tight sealing and
gripping en- a liquid environment into a cylindrical fitting having
gagement with said interior surface. inner grooves into which the tubular
member is  40     The invention will be described now by way of deformed,
U.S. Patent No. 4,662,663 discloses the  example only, with particular
reference to the ac- use of collapsible material positioned within the
companying drawings. In the drawings: grooves to eliminate the problems
with the grooves    FIGURE 1 is a partial sectional view of a packer being
filled with water and limiting the forming of   positioned within a well
bore at the level at the tubular member.                            45
which it is to be set against the interior of the U.S. Patent No. 4,573,537
discloses  a           casing. packer/anchor structure which utilizes
segmented      FIGURE 2 is a partial sectional view of the slips (70) to
anchor the structure within the casing  improved packer set into sealing
engagement string (14) and the sealing means (22) which is       with the
interior of the casing. used to seal against the interior of the casing
string   so  FIGURE 3 is an enlarged detail sectional view of (14). The
sealing mechanism includes a plurality of  two of the grooves and the land
between the camming surfaces on the interior of the segments      groove
and showing its engagement with the (112) and mating camming surfaces on
the exterior   interior of the casing. of the actuating cylinder (136).
As shown in FIGURE 1, improved sealing pack- U.S. Patent No. 4,588,029
discloses an annular  55  er 10 of the present invention is shown
positioned seal to be used within a well. The annular sealing  within well
string 12 at the level at which it is to be element (20) has an outer pair
of projections (24)  set. Sealing packer 10 is run into the well on tubing
which are to engage and seal against the interior of  string 14 which
threads into upward facing flange 2    
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Sleeve 16 includes internal annular  With sealing packer 10 set as
described above, recess 18 and liner 20 is positioned between upper  the
relieving of pressure supplied to annular space downwardly facing inner
shoulder 22 in the interior  30 does not cause the downward movement of of
flange 15 and lower upwardly facing shoulder 24  piston 36 since it has
moved sufficiently far so that on the closure ring 26 which is threaded
into the   5   its outer cylindrical surfaces 64 are engaged by lower end
of sleeve 16. Tubing string 28 below    inner cylindrical surfaces 66 of
sleeve 16 so that sealing packer 10 is threaded into the interior of  there
no tapered surfaces in the camming surfaces closure ring 26. Annular space
30 is formed be-   in engagement between piston 36 and sleeve 16 tween the
exterior of liner 20 and the interior of  which might cause any reversing
forces on piston sleeve 16 below shoulder 32 at the upper end of  10  36.
Thus, improved sealing packer 10 is set into recess 18 and the upper
surface of closure ring 26.  tight gripping and sealing metal-to-metal
engage- Port 34 extending through the lower portion of liner  ment with the
wall of well string 12 within which it 20 to provide comniunication into
the lower portion  is positioned. of annular space 30. Annular piston 36 is
posi- tioned within annular space 30 and includes inner  15  Claims and
outer seals 38 and 40 for sealing against the interior of the lower portion
of sleeve 16 and    1. A downhole tubing packer for sealing against a
against the exterior of liner 20. The upper end of    well string
comprising a sleeve (16) having liner 20 is sealed to flange 15 by 0 ring
21 and the  internal multiple camming surfaces (54) and an lower end is
sealed to closure ring 26 by O ring 23.  20  internal recess (18), means
(20) for closing The exterior surface of sleeve 16 includes a       (14)
the recess to define an annular space plurality of grooves 42 which are at
least partially  (30), a piston (36) movably positioned in said filled with
pressure compensating material 43, such   space and having external
multiple camming as microspheres in an epoxy matrix or in syntatic
surfaces (62) which can coact with the internal form. Lands 44 between
grooves 42 are best seen   25  multiple camming surfaces on the sleeve
(16), in FIGURE 3 wherein it is shown that lands 44 have    said piston
being movable in response to fluid a pair of shallow grooves 46 which
provide upper      pressure applied to said annular space (20), annular
sharp peak 48, lower annular sharp peak           characterised in that
said sleeve (16) has a 50 and intermediate annular peak 52. The inner
plurality of external annular grooves (42) and a surface of sleeve 16
includes multiple inner cam-   30  plurality of lands (44) between said
grooves ming surfaces 54 in the area of sleeve 16 within      (42), said
lands and grooves (42, 44) providing the area of grooves 42 on the exterior
of sleeve 16.  gripping and sealing means for gripping and Surface 56
immediately above closure ring 26 is       sealing against the interior of
a well string, smooth to allow sealing of outer seal 40. Ports 58
movement of said piston (36) in response to extend through sleeve 16 at a
level above the   35    fluid pressure, forcing said sleeve (16) out-
highest level of seal 40 and is provided to commu-    wardly so that said
lands (44) are urged to dig nicate with groove 60 in the lower outer
surface of   into the interior surface of a well string so that piston 36
to provide for pressure equalization which   they are in tight sealing and
gripping engage- is needed responsive to the movement of piston 36     ment
with said interior surface. to ensure that its movement is not impeded by a
40 pressure lock. Piston 36 includes external multiple  2. A tubing packer
(10) according to claim 1 outer camming surfaces 62 which mate with cam-
including ming surfaces 54 on the interior of sleeve 16.            a
pressure compensating material (43) at Setting of sealing packer 10 is
accomplished       least partly filling said sleeve grooves (42). by
pressuring tubing string 14 so that fluid under  45 pressure flows through
ports 34 and into annular  3. A tubing packer (10) according to claim 2
space 30 below piston 36. The pressure under          wherein piston 36
forces it upwardly causing camming sur-        said pressure compensating
material (43) faces 54 and 62 to coact forcing sleeve 16 outward
comprises microspheres in a suitable matrix. into tight gripping and
sealing engagement with the   so interior of well string 12 to create a
positive metal-  4. A tubing packer (10) according to claim 3 to-metal seal
and also an anchoring of sealing        wherein said matrix is an epoxy.
packer 10 to well string 12. The engagement of sleeve 16 with the interior
of well string 12 is   5. A tubing packer (10) according to claim 3 clearly
shown in FIGURE 3. As can be seen from   55   wherein the drawing, sharp
peaks 48, 50 and 52 of lands 44        said matrix is a syntatic foam.
actually deform the interior surface of well string 12 by digging therein
as shown in the drawing.       6. A tubing packer (10) according to any
preced- 3    



3                 EP 0 290 114 B1                       4 15 of sleeve 16.
Sleeve 16 includes internal annular  With sealing packer 10 set as
described above, recess 18 and liner 20 is positioned between upper  the
relieving of pressure supplied to annular space downwardly facing inner
shoulder 22 in the interior  30 does not cause the downward movement of of
flange 15 and lower upwardly facing shoulder 24  piston 36 since it has
moved sufficiently far so that on the closure ring 26 which is threaded
into the   5   its outer cylindrical surfaces 64 are engaged by lower end
of sleeve 16. Tubing string 28 below    inner cylindrical surfaces 66 of
sleeve 16 so that sealing packer 10 is threaded into the interior of  there
no tapered surfaces in the camming surfaces closure ring 26. Annular space
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exterior of liner 20 and the interior of  which might cause any reversing
forces on piston sleeve 16 below shoulder 32 at the upper end of  10  36.
Thus, improved sealing packer 10 is set into recess 18 and the upper
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engage- Port 34 extending through the lower portion of liner  ment with the
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outer seals 38 and 40 for sealing against the interior of the lower portion
of sleeve 16 and    1. A downhole tubing packer for sealing against a
against the exterior of liner 20. The upper end of    well string
comprising a sleeve (16) having liner 20 is sealed to flange 15 by O ring
21 and the  internal multiple camming surfaces (54) and an lower end is
sealed to closure ring 26 by O ring 23.  20  internal recess (18), means
(20) for closing The exterior surface of sleeve 16 includes a      (14) the
recess to define an annular space plurality of grooves 42 which are at
least partially  (30), a piston (36) movably positioned in said filled with
pressure compensating material 43, such   space and having external
multiple camming as microspheres in an epoxy matrix or in syntatic
surfaces (62) which can coact with the internal form. Lands 44 between
grooves 42 are best seen   25  multiple camming surfaces on the sleeve
(16), in FIGURE 3 wherein it is shown that lands 44 have    said piston
being movable in response to fluid a pair of shallow grooves 46 which
provide upper      pressure applied to said annular space (20), annular
sharp peak 48, lower annular sharp peak          characterised in that said
sleeve (16) has a 50 and intermediate annular peak 52. The inner
plurality of external annular grooves (42) and a surface of sleeve 16
includes multiple inner cam-   30  plurality of lands (44) between said
grooves ming surfaces 54 in the area of sleeve 16 within     (42), said
lands and grooves (42, 44) providing the area of grooves 42 on the exterior
of sleeve 16.  gripping and sealing means for gripping and Surface 56
immediately above closure ring 26 is       sealing against the interior of
a well string, smooth to allow sealing of outer seal 40. Ports 58
movement of said piston (36) in response to extend through sleeve 16 at a
level above the   35   fluid pressure, forcing said sleeve (16) out-
highest level of seal 40 and is provided to commu-    wardly so that said
lands (44) are urged to dig nicate with groove 60 in the lower outer
surface of  into the interior surface of a well string so that piston 36 to
provide for pressure equalization which  they are in tight sealing and
gripping engage- is needed responsive to the movement of piston 36
ment with said interior surface. to ensure that its movement is not impeded
by a   40 pressure lock. Piston 36 includes external multiple  2. A tubing
packer (10) according to claim 1 outer camming surfaces 62 which mate with
cam-        including ming surfaces 54 on the interior of sleeve 16.
a pressure compensating material (43) at Setting of sealing packer 10 is
accomplished      least partly filling said sleeve grooves (42). by
pressuring tubing string 14 so that fluid under  45 pressure flows through
ports 34 and into annular  3  A tubing packer (10) according to claim 2
space 30 below piston 36. The pressure under          wherein piston 36
forces it upwardly causing camming sur-        said pressure compensating
material (43) faces 54 and 62 to coact forcing sleeve 16 outward
comprises microspheres in a suitable matrix. into tight gripping and
sealing engagement with the   50 interior of well string 12 to create a
positive metal-  4. A tubing packer (10) according to claim 3 to-metal seal
and also an anchoring of sealing        wherein said matrix is an epoxy.
packer 10 to well string 12. The engagement of sleeve 16 with the interior
of well string 12 is  5. A tubing packer (10) according to claim 3 clearly
shown in FIGURE 3. As can be seen from   55   wherein the drawing, sharp
peaks 48, 50 and 52 of lands 44       said matrix is a syntatic foam.
actually deform the interior surface of well string 12 by digging therein
as shown in the drawing.       6. A tubing packer (10) according to any
preced- 3    
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re eines Bohrlochzuges aufweisen, daB die Be- the  lands  (44) between
said  sleeve         wegung des Kolbens (36) entsprechend dem grooves (42)
include sharp projections (48, 50,    Fluiddruck den Zylinder (16) nach
aulen 52) to dig into the interior surface.              zwangt, so daB die
hervorstehenden Teile (44) 5       gezwungen werden, sich in die
Innenflache 7. A tubing packer (10) according to any preced-       eines
Bohrrohrzuges einzugraben, so daB sie ing claim, wherein
in abdichtendem und klemmendem Kontakt mit the exterior surface of the
lands (4) be-       der Innenflache stehen. tween said sleeve grooves (42)
include a shal- low upper annular groove (46) and a lower  10  2.
Steigrohrpacker (10) nach Anspruch 1, mit ei- shallow annular groove (46).
nem  Druckkompensationsmaterial (43), wel- ches wenigstens teilweise die
Zylindemuten 8.  A tubing packer (10) according to any preced-       (42)
fOllt. ing claim including a tubing string (14) connected to the upper  i5
3. Steigrohrpacker (10) nach Anspruch 10, wobei end of said sleeve (16),
and                       das Druckkompensationsmaterial (43) Mikroku- a
port (34) extending from the interior of      geln in einer geeigneten
Matrix enthalt. the means (20) closing said recess (18) into said annular
space (30) provides means for      4. Steigrohrpacker (10) nach Anspruch 3,
fluid pressure to said annular space.       20      dadurch gakennzeichnet,
daB die Matrix ein Epoxidharz ist. 9. A tubing packer (10) according to any
preced- ing claim, wherein said camming surface (54,    5. Steigrohrpacker
(10) nach Anspruch 3, 62) on said sleeve (16) and said piston (36)
dadurch gekennzeichnet, daB die Matrix ein include
25      synthetischer Schaum ist. cam surfaces which taper with respect to
the axes of said sleeve and piston and are      6. Steigrohrpacker (10)
nach jedem der vorherge- alternated with inner and outer cylindrical sur-
henden Anspruche, wobei die hervorstehenden faces.
Teile (44) zwischen den Zylindernuten (42) 30      scharfe VorsprOnge (48,
50, 52) haben, die 10. A tubing packer (10) according to any preced-
sich in die Innenflache eingraben. ing claim, wherein said means closing
said internal recess (18) includes                    7. Steigrohrpacker
(10) nach jedem der vorherge- a liner (20) positioned within said sleeve
henden AnsprUche, wobei die AuBenfl~che der (16).
35      hervorstehenden Teile (44) zwischen den Zy- lindernuten (42) eine
flache obere ringf6rmige Patentanspruche
Nut (46) und eine flache untere ringformige Nut (46) aufweisen. K._i.
Steigrohrpacker zum Abdichten gegen einen Bohrlochstrang mit einem Zylinder
(16) mit in-  40  8  Steigrohrpacker (10) nach jedem der vorherge- neren
Mehrfachnockenfldchen (54) und einer         henden AnsprUche, mit einem
Steigrohrzug inneren Aussparung (18), einer Einrichtung (20)    (14), der
mit dem oberen Ende des Zylinders zum Verschlielen (14) der Aussparung zur
Bil-      (16) verbunden ist und einer Bohrung (34), die dung elnes
ringf6rmigen Raums 30, einem            sich von dem Inneren der
Einrichtung (20), die Kolben (36), der beweglich in dem Raum posi-  45
die Aussparung (18) verschlieft, in den ringf6r- tioniert ist und aulere
Mehrfachnockenflachen       migen Raum (30) erstreckt und eine Einrich-
(62) hat, die mit den inneren Mehrfachnocken-      tung zur ZufUhrung von
Fluiddruck in den ring- flachen an dem Zylinder (16) zusammenwirken
f6rmigen Raum bildet. k6nnen, wobei der Kolben entsprechend dem auf den
ringformigen Raum (20) aufgebrachten   50  9. Steigrohrpacker (10) nach
jedem der vorherge- Fluiddruck bewegbar ist,
henden AnsprUche, wobei die Nockenflachen dadurch gekennzelchnet,
(54, 62) an dem Zylinder (16) und dem Kolben dalB der Zylinder (16) mehrere
aullere ringf6r-    (36) Nockenflachen enthalten, die zu den Ach- mige
Nuten (42) und mehrere hervorstehende         sen des Zylinders und des
Kolbens geneigt Teile (44) zwischen den Nuten (42) hat, daB   55
verlaufen und sich mit inneren und Aulere die hervorstehenden Teile und die
Nuten (42,       Zylinderflachen abwechseln. 44) eine Greif- und
Abdichtungseinrichtung zum Ergreifen und Abdichten gegen das Inne-     10.
Steigrohrpacker (10) nach jedem der vorherge- 4    
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wobei die Einrichtung zum         quelconque des revendications
pr6c6dentes, Verschlieflen der innereri Ausspatung (18) ein      dans
lequel les appuis (44) situ6s entre lesdi- Futterrohr (20) aufweist,
welches innerhalb des    tes gorges de manchon (42) comprennent des
Zylinders (16) angeordnet ist.                     protuberences on aretes
vives (48, 50, 52) 5       destinies a s'engager dans la surface interne.
Revendlcations 7. Dispositif d'6tanch6ite de tube (10) selon l'une 1.
Dispositif d'6tancheitd de tube de puits destine    quelconque des
revendications prec6dentes, A venir en contact d'etancheit6 contre un tube
dans loquel la surface externe des appuis (44) de puits, comprenant un
manchon (16) pr6sen-  1o   situes entre lesdites gorges de manchon (42)
tant de multiples surfaces de came internes        comprend une gorge
annulaire superieure de (54) et un evidement interne (18), un moyen
faible profondour (46) et une gorge annulaire (20) pour former l'evidement
afin de d6finir un    inf6rieure de faible profondeur (46). espace
annulaire (30), un piston (36) dispose de fagon coulissante dans ledit
espace et pre-  t6   8  Dispositif d'etanch6ite de tube (10) solon l'une
sentant de multiples surfaces de came exter-       quelconque des
revendications prec6dentes, nes (62) qui peuvent venir en contact avec les
incluant une barre de tubage (14) connectee A multiples surfaces de came
internes situees        l'extremit6 sup6rieure dudit manchon (16) et sur le
manchon (16), ledit piston pouvant se       un orifice (34) s'etendant
depuis l'interieur du deplacer en reponse a la pression d'un fluide   20
moyen (20) qui ferme ledit 6videment (18) appliquee dans ledit espace
annulaire (30), ca-    jusque dans ledit espace annulaire (30). cot
ract6rise en ce quo ledit manchon (16) pr6sen-     orifice amenant le
fluide sous pression dans te une pluralit6 de gorges annulaires extemes
ledit espace annulaire. (42) et une pluralitd d'appuis (44) situes entre
lesdites gorges (42), lesdits appuis et lesdites   25  9. Dispositif
d'ktanch6it6 de tube (10) solon l'une gorges (42, 44) constituant un moyen
d'ancra-      quelconque des revendications prec6dentes, ge et d'6tancheit6
afin de s'ancrer at de venir    dans loquel ladite surface de came (54, 62)
en contact d'etancheite sur l'interieur du tube    dudit manchon (16) et
dudit piston (36) com- de puits, le mouvement dudit piston (36) en
prend des surfaces de came qui sont inclinees reponse a la pression du
fluide poussant vers  30  par rapport aux axes dudit manchon et dudit
l'exterieur ledit manchon (16) de fagon a ce       piston et qui sont
altem6es avec des surfaces quo lesdits appuis (44) solent pousses jusqu'A
cylindriques inteme et externe. s'engager dans la surface inteme d'un tube
de puits de telle sorte qu'ils viennent en contact  10. Dispositif
d'etanch6it6 de tube (10) solon l'une d'etancheite et d'ancrage avec ladite
surface   35  quelconque des revendications prec6dentes, inteme.
dans lequel ledit moyen permottant de former ledit evidement interne (18)
comprond une 2. Dispositif d'6tanch6ite de tube (10) solon la       chemise
(20) disposee a l'int6rieur dudit man- revendication 1, incluant un
materiau de com-      chon (16). pensation de pression (43) qui remplit au
40 moins partiellement lesdites gorges de man- chon (42). 3 Dispositif
d'etanch6ite de tube (10) solon la revendication 2, dans lequel ledit
materiau de   45 compensation de pression (43) comprend des microspheres
noyees dans une matrice adap- tee. 4. Dispositif d'etanch6ite de tube (10)
solon la  50 revendication 3. dans lequel ladite matrice est un materiau
epoxy. 5  Dispositif d'6tancheit6 de tube (10) solon la revendication 3,
dans loquel ladite matrice est  55 une mousse synth6tique. 6. Dispositif
d'6tanch6it6 de tube (10) solon l'une 5    


