EP 2 766 558 B1

(1 9) Europdisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 2 766 558 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
22.11.2017 Bulletin 2017/47

(21) Application number: 12783431.5

(22) Date of filing: 05.10.2012

(51) IntClL:

E21B 19/00 (2006.0%)

(86) International application number:

PCT/US2012/059020

(87) International publication number:
WO 2013/062735 (02.05.2013 Gazette 2013/18)

(54) RISER TENSIONER SYSTEM FOR OFF SHORE OIL PLATFORMS AND PETROLEUM

PRODUCTION PROCESSES

STEIGROHRSPANNERSYSTEM FUR OFFSHORE-OLPLATTFORMEN UND

ERDOLHERSTELLUNGSVERFAHREN

SYSTEME DE TENSIONNEUR DE TUBE PROLONGATEUR POUR PLATEFORMES DE PETROLE

OFFSHORE ET PROCEDES DE PRODUCTION DE PETROLE

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 07.10.2011 US 201161544834 P

(43) Date of publication of application:
20.08.2014 Bulletin 2014/34

(73) Proprietor: LORD Corporation
Cary, NC 27511 (US)

(72) Inventors:
e JONES, Peter
Erie, PA 16509 (US)

* CUNE, Gregg
Conroe, TX 77304 (US)

* FUHRER, Zachary
Erie, PA 16502 (US)

¢ OWENS, Jonathan
Chapel Hill NC 27517 (US)

(74) Representative: Murgitroyd & Company

165-169 Scotland Street
Glasgow G5 8PL (GB)

(56) References cited:

WO-A1-98/55355  US-A- 3 958 840
US-A- 4 883 387 US-A1- 2005 147 473
US-B1- 6 431 284

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 766 558 B1 2

Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of petroleum
production. The invention relates to the field of underwa-
ter petroleum production and petroleum wells and off-
shore platforms. More particularly the invention relates
to the field of riser tensioner systems.

BACKGROUND OF THE INVENTION

[0002] There is a need for riser tensioner systems
which are economically manufacturable, provide benefi-
cial performance and robust lifetimes. There is a need
for improved riser tensioner systems and a method of
economically providing riser tensioner systems. There is
a need for a robust riser tensioner system and method
of making. There is a need for economic and high per-
formance riser tensioner system bearings and methods
for making high performance riser tensioner system bear-
ings. U.S. Patent No. 6,431,284B1 discloses a gimbaled
table riser support system that is for a spar type floating
platform havingrisers passing vertically through the cent-
er well of a spar hull, there is provided apparatus for sup-
porting the risers from a gimbaled table supported. U.S.
Patent No. 4,883,387A discloses an apparatus for ten-
sioning a riser that is for a tensioner system for a riser of
a subsea production well. It has a plurality of at least
three tensioners are each pivotally secured to both a low-
er surface of the production platform and to a tensioner.
PCT Patent Publication WO 98/55355A1 discloses aload
and deflection measurement system for elastomeric
bearings. U.S. Patent Publication No. 2005/147473 dis-
closes a riser tensioner with shrouded rods. U.S. Patent
No. 3,958,840 discloses a flexible bearing having rein-
forcements.

SUMMARY OF THE INVENTION

[0003] According to the presentinvention there is pro-
vided a riser tensioner system. The riser tensioner sys-
temincludes a fluid cylinder, the fluid cylinder for applying
a force on a riser from a platform foundation. The fluid
cylinder has a first riser end and a distal second founda-
tion end. The platform is a tension leg platform. The riser
tensioner system includes a cylinder riser bearing, the
cylinder riser bearing having a first riser side nonelasto-
meric bearing member and a distal second cylinder side
nonelastomeric bearing member. The first riser side
nonelastomeric bearing member and the distal second
cylinder side nonelastomeric bearing member are vul-
canized mold bonded together with a mold cured elas-
tomer intermediate containing a plurality of nonelastomer
interleaved shims. The mold cured elastomer intermedi-
ate being bonded between the nonelastomer interleaved
shims and having a cylinder riser bearing elastomer first
bonding surface positioned proximate to the first riser
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side nonelastomeric bearing member and a cylinder riser
bearing elastomer second bonding surface positioned
proximate to the distal second cylinder side nonelasto-
meric bearing member. The riser tensioner system in-
cludes a cylinder foundation bearing, the cylinder foun-
dation bearing having a first foundation side nonelasto-
meric bearing member and a distal second cylinder side
nonelastomeric bearing member. The first foundation
side nonelastomeric bearing member and the distal sec-
ond cylinder side nonelastomeric bearing member are
vulcanized mold bonded together with a second mold
cured elastomer intermediate containing a plurality of
nonelastomer interleaved shims. The second mold cured
elastomer intermediate being bonded between the none-
lastomer interleaved shims and having a cylinder foun-
dation bearing elastomer first bonding surface positioned
proximate to the first foundation side nonelastomeric
bearing member and a cylinder foundation bearing elas-
tomer second bonding surface positioned proximate to
the distal second cylinder side nonelastomeric bearing
member. The cylinder riser bearing provides for the con-
necting of the fluid cylinder to the riser with the first riser
side nonelastomeric bearing member for connecting to
the riser and the distal second cylinder side nonelasto-
meric bearing member grounded to the fluid cylinder. The
cylinder foundation bearing provides for the connecting
of the fluid cylinder to the platform foundation with the
first foundation side nonelastomeric bearing member for
connecting to a platform foundation and the distal second
cylinder side nonelastomeric bearing member grounded
to the fluid cylinder. Wherein a force is applied between
the riser and a platform foundation through the cylinder
foundation bearing and the cylinder riser bearing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

FIG. 1illustrates an off shore petroleum well site with
a platform including a riser tensioner system.

FIG. 2-2A illustrates a riser tensioner system and
method of making a system with fluid cylinders and
bearings.

FIG. 3-3A illustrates a riser tensioner system and
method of making a system with fluid cylinders and
bearings.

FIG. 4 illustrates a riser tensioner system bearing.
FIG. 5 illustrates a riser tensioner system bearing.
FIG. 6 illustrates amethod of making ariser tensioner
system bearing.

FIG. 7 illustrates a riser tensioner system bearing.
FIG. 8 illustrates a riser tensioner system bearing.
FIG. 9 illustrates a riser tensioner system bearing.
FIG. 10 illustrates a riser tensioner system bearing
with an elastomer intermediate.

FIG. 11 illustrates a method of making a riser ten-
sioner system bearing.

FIG. 12 illustrates a riser tensioner system bearing.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0005] Reference will now be made in detail to embod-
iments of a riser tensioning system, examples of which
are illustrated in the accompanying drawings.

[0006] FIG. 1 illustrates a tension leg platform for use
in petroleum production, such as in off shore location with
the platform on top of the water with the petroleum well
drilled in the earth below the water. FIG. 1 illustrates plat-
form foundation 10 for use in producing petroleum. Pref-
erably, platform foundation 10 is secured to the ocean
floor 11 by a plurality of tendons 12. A plurality of risers
14 extend between the individual wells in template 16
and a deck foundation 18 of platform foundation 10. Riser
14 and platform foundation 10 are flexibly connected to
permit relative motion between riser 14 and platform
foundation 10 that occurs because of wave action on the
platform foundation 10, and that riser 14 rises up from
the ocean floor 11. FIG. 2 illustrates a top 22 of a riser
14 with lower end 24 threaded to connect with a riser
joint in a conventional manner.

[0007] A collar tensioner ring 40 on the riser 14 pro-
vides for the connection of riser tensioners 38. Riser ten-
sioners 38 of the riser tensioner system 100 are prefer-
ably riser tensioners 38 comprised of a fluid cylinder 102
which contain working fluids such as gas and/or liquid
and provides a force between the movable foundation of
platform foundation 10 and the riser 14.

[0008] Preferably, with the riser tensioner system 100
fluid cylinders 102 are connected to the deck foundation
18 by elastomeric bearings 110 with movement provided
between the fluid cylinders 102 and deck foundation 18
as the arms 37 of fluid cylinders 102 extend and retract
to maintain a uniform tension on riser 14. Elastomeric
bearings 110 also connect the ends of arms 37 to ten-
sioner ring 40 to permit motion between riser tensioners
38 and tensioner ring 40.

[0009] Riser tensioners 38, acting through the elasto-
meric bearings 110 and the tensioner ring 40 of the riser
14 provide a continuous upward tension on riser 14 de-
spite relative movement of deck foundation 18. The ap-
plication of continuous upward tension on riser 14 elim-
inates the threat of buckling, crimping or otherwise dam-
aging the riser 14.

[0010] In an embodiment the invention includes a
method of making a riser tensioner system 100. The
method preferably includes providing a fluid cylinder 102,
the fluid cylinder 102 for applying a force on a riser 14.
Theriser 14 is preferably a fluid conduit for drilling and/or
extraction of petroleum products from underwater. The
fluid cylinder 102 preferably has a first riser end 102a
and a distal second foundation end 102b, also known as
first fluid cylinder member 102a and a second fluid cyl-
indermember 102b, respectively. The method preferably
includes providing a riser tensioner system 100 cylinder
riser bearing 110a, the cylinder riser bearing 110a having
a first riser side nonelastomeric bearing member 112a
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and a distal second cylinder side nonelastomeric bearing
member 114a. Preferably, the first riser side nonelasto-
meric bearing member 112a and the distal second cyl-
inder side nonelastomeric bearing member 114a are vul-
canized mold bonded together with a mold cured elas-
tomer intermediate 116 containing a plurality of nonelas-
tomer interleaved shims 118 with the mold cured elas-
tomer intermediate 116 bonded between the nonelas-
tomer interleaved shims 118. The mold cured elastomer
intermediate 116 preferably, has a cylinder riser bearing
elastomer first bonding surface 120a with the first riser
side nonelastomeric bearing member 112a and a cylin-
derriser bearing elastomer second bonding surface 122a
with the distal second cylinder side nonelastomeric bear-
ing member 114a.

[0011] The method preferably includes providing a ris-
er tensioner system 100 cylinder foundation bearing
110b. The cylinder foundation bearing 110b has a first
foundation side nonelastomeric bearing member 112b
and a distal second cylinder side nonelastomeric bearing
member 114b. The first foundation side nonelastomeric
bearing member 112b and the distal second cylinder side
nonelastomeric bearing member 114b vulcanized mold
bonded together with a second mold cured elastomer
intermediate 116 containing a plurality of nonelastomer
interleaved shims 118. The second mold cured elastomer
intermediate 116 bonded between the nonelastomer in-
terleaved shims 118. The second mold cured elastomer
intermediate 116 has a cylinder foundation bearing elas-
tomer first bonding surface 120b with the first foundation
side nonelastomeric bearing member 112b and a cylin-
der foundation bearing elastomer second bonding sur-
face 122b with the distal second cylinder side nonelas-
tomeric bearing member 114b.

[0012] The method preferably includes disposing the
cylinder riser bearing 110a between the fluid cylinder 102
and the riser 14 with the first riser side nonelastomeric
bearing member 112a proximate the riser 14 and the
distal second cylinder side nonelastomeric bearing mem-
ber 114a proximate the fluid cylinder 102. The method
preferably includes disposing the cylinder foundation
bearing 110b between the fluid cylinder 102 and a plat-
form foundation 10 with the first foundation side none-
lastomeric bearing member 112b proximate the platform
foundation 10 and the distal second cylinder side none-
lastomeric bearing member 114b proximate the fluid cyl-
inder 102, wherein the force is applied between the riser
14 and the platform foundation 10 through the cylinder
foundation bearing 110b and the cylinder riser bearing
110a.

[0013] Preferably, the cylinder riser bearing elastomer
first bonding surface 120a comprises a spherical shell
segment bonding surface.

[0014] Preferably, the cylinder riser bearing elastomer
second bonding surface 122a comprises a spherical shell
segment bonding surface.

[0015] Preferably, the cylinder foundation bearing
elastomer first bonding surface 120b comprises a spher-
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ical shell segment bonding surface.

[0016] Preferably, the cylinder foundation bearing
elastomer second bonding surface 122b comprises a
spherical shell segment bonding surface.

[0017] Preferably, the fluid cylinder 102 includes a cyl-
inder fluid seal 124 for containing a working fluid within
the fluid cylinder 102 while providing for relative motion
between a first fluid cylinder member 102a and a second
fluid cylinder member 102b, with the cylinder fluid seal
124 having a maximum cylinder fluid seal 124 operational
moment (SOM). The maximum cylinder fluid seal 124
SOM is the maximum operational moment that may be
applied to cylinder fluid seal 124 during riser tensioner
system 100 operation while the cylinder fluid seal 124
can continue its operation without being sacrificed.
[0018] Preferably, the cylinder riser bearing 110a has
acylinderriser bearing cocking moment (RBCM) wherein
the cylinder riser bearing 110a inhibits an application of
a cylinder RBCM proximate the cylinder fluid seal 124
maximum cylinder fluid seal 124 SOM. Preferably, the
cylinder RBCM is substantially less than the maximum
cylinder fluid seal 124 SOM and does not exceed or ap-
proach the SOM during operation and use of the fluid
cylinder 102 and elastomeric bearing 110. Preferably RB-
CM has a value less than SOM, where SOM has a range
between about 0.5 SOM and 0.1 SOM. Preferably RBCM
< 0.5 SOM, RBCM < 0.35 SOM, RBCM < 0.21 SOM, or
RBCM < 0.13 SOM.. However, itis most preferred if RB-
CM <£0.1 SOM. Preferably, the elastomeric bearing 110
has a substantially constant stiffness in an operational
cocking direction.

[0019] Preferably, the cylinder foundation bearing
110bhas a cylinder foundation bearing 110b cocking mo-
ment (FBCM) wherein the cylinder foundation bearing
110b inhibits an application of a cylinder foundation bear-
ing 110b FBCM proximate the cylinder fluid seal 124 max-
imum cylinder fluid seal 124 SOM. Preferably, the cylin-
der foundation bearing 110b FBCM is substantially less
than the maximum cylinder fluid seal 124 SOM and does
not exceed or approach the SOM during operation and
use of the fluid cylinder 102 and elastomeric bearing 110.
Preferably FBCM has a value less than SOM, where
SOM has arange between about 0.5 SOM and 0.1 SOM.
Preferably, FBCM < 0.5SOM, FBCM < 0.35SOM, FBCM
<0.21 SOM, or FBCM < 0.13 SOM. However, it is most
preferred if FBCM <0.1 SOM. Preferably, the elastomeric
bearing 110 has a substantially constant stiffness in an
operational cocking direction.

[0020] Preferably, the cylinder riser bearing 110a elas-
tomer first bonding surface 120a comprises a spherical
shell segment bonding surface with a radius RCRFS and
the cylinder riser bearing 110a elastomer second bond-
ing surface 122a comprises a spherical shell segment
bonding surface with a radius RCRSS, with
RCRFS>RCRSS. Preferably, the nonelastomer inter-
leaved shims 118 progress from a large radius spherical
shell segment having a radius less than RCRFS and
greater than RCRSS to a small radius spherical shell
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segmenthaving a radius less than the large radius spher-
ical shell segmentradius and greater than RCRSS. FIG.2
illustrates ariser tensioner system 100 with bearings 110
having cylinderriser bearing 110a elastomer firstbonding
surface 120a with a spherical shell segment bonding sur-
face with a radius RCRFS and the cylinder riser bearing
110a elastomer second bonding surface 122a with a
spherical shell segment bonding surface with a radius
RCRSS, with RCRFS>RCRSS. FIG. 4 illustrates bear-
ings 110 with a central aperture 130, with the central ap-
erture 130 through the bearing member 112a, the elas-
tomer 116, the nonelastomer interleaved shims 118 and
the bearing member 114a, to provide a reach through
attachment of fluid cylinder 102 to the bearing member
114a such as illustrated in FIG. 2 with the riser 14 pulled
upward by the fluid cylinder 102 to maintain riser tension.
[0021] Preferably, the cylinder riser bearing 110a elas-
tomer first bonding surface 120a comprises a spherical
shell segment bonding surface with a radius RCRFS and
the cylinder riser bearing 110a elastomer second bond-
ing surface 122a comprises a spherical shell segment
bonding surface with a radius RCRSS, with
RCRFS<RCRSS. Preferably, the nonelastomer inter-
leaved shims 118 progress from a large radius spherical
shell segment having a radius less than RCRSS and
greaterthan RCRFS to a smallradius spherical shell seg-
ment having a radius less than the large radius spherical
shell segment radius and greater than RCRFS. FIG.3
illustrates ariser tensioner system 100 with bearings 110
having cylinderriser bearing 110a elastomer firstbonding
surface 120a with a spherical shell segment bonding sur-
face with a radius RCRFS and the cylinder riser bearing
110a elastomer second bonding surface 122a with a
spherical shell segment bonding surface with a radius
RCRSS, with RCRFS<RCRSS. FIG. 5 illustrates bear-
ings 110 without a central aperture 130 and without a
reach through attachment of fluid cylinder 102 to the bear-
ing member 114a such as illustrated in FIG. 3 with the
riser 14 pushed upward by the fluid cylinder 102 to main-
tain riser tension.

[0022] Preferably, the cylinder foundation bearing
110b elastomer first bonding surface 120b comprises a
spherical shell segment bonding surface with a radius
RCFFS and the cylinder foundation bearing 110b elas-
tomer second bonding surface 122b comprises a spher-
ical shell segment bonding surface with a radius RCFSS,
with RCFFS>RCFSS. Preferably, the nonelastomer in-
terleaved shims 118 progress from a large radius spher-
ical shell segment having a radius less than RCFFS and
greaterthan RCFSS to a small radius spherical shell seg-
ment having a radius less than the large radius spherical
shell segment radius and greater than RCFSS. FIG.2
illustrates ariser tensioner system 100 with bearings 110
having cylinderriser bearing 110b elastomer firstbonding
surface 120b with a spherical shell segment bonding sur-
face with a radius RCFFS and the cylinder riser bearing
110b elastomer second bonding surface 122b with a
spherical shell segment bonding surface with a radius
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RCFSS, with RCFFS>RCFSS.

[0023] Preferably, the cylinder foundation bearing
110b elastomer first bonding surface 120b comprises a
spherical shell segment bonding surface with a radius
RCFFS and the cylinder foundation bearing 110b elas-
tomer second bonding surface 122b comprises a spher-
ical shell segment bonding surface with a radius RCFSS,
with RCFFS<RCFSS. Preferably, the nonelastomer in-
terleaved shims 118 progress from a large radius spher-
ical shell segment having a radius less than RCFSS and
greater than RCFFS to a small radius spherical shell seg-
ment having a radius less than the large radius spherical
shell segment radius and greater than RCFFS. FIG. 3
illustrates bearing 110 with cylinder foundation bearing
110b elastomer first bonding surface 120b having spher-
ical shell segment bonding surface with radius RCFFS
and the cylinder foundation bearing 110b elastomer sec-
ond bonding surface 122b having spherical shell seg-
ment bonding surface with radius RCFSS, with
RCFFS<RCFSS, with the fluid cylinder 102 pushing up
on the riser 14.

[0024] A riser tensioner system 100 preferably in-
cludes a fluid cylinder 102 for applying a force on a riser
14 from a platform foundation 10. The riser 14 is prefer-
ably a fluid conduit for drilling and/or extraction of petro-
leum products from underwater. The fluid cylinder 102
preferably has a first riser end 102a and a distal second
foundation end 102b. The riser tensioner system 100
preferably includes a cylinder riser bearing 110a, the cyl-
inder riser bearing 110a having a first riser side nonelas-
tomeric bearing member 112a and a distal second cyl-
inder side nonelastomeric bearingmember 1143, the first
riser side nonelastomeric bearing member 112a and the
distal second cylinder side nonelastomeric bearing mem-
ber 114a vulcanized mold bonded together with a mold
cured elastomer intermediate 116 containing a plurality
of nonelastomer interleaved shims 118 with the mold
cured elastomer intermediate 116 bonded between the
nonelastomer interleaved shims 118 and having a cylin-
der riser bearing 110a elastomer first bonding surface
120a with the first riser side nonelastomeric bearing
member and a cylinderriser bearing 110a elastomer sec-
ond bonding surface 122a with the distal second cylinder
side nonelastomeric bearing member.

[0025] The riser tensioner system 100 preferably in-
cludes a cylinder foundation bearing 110b, the cylinder
foundation bearing 110b having a first foundation side
nonelastomeric bearing member 112b and a distal sec-
ond cylinder side nonelastomeric bearing member 114b,
the first foundation side nonelastomeric bearing member
and the distal second cylinder side nonelastomeric bear-
ing member vulcanized mold bonded together with a sec-
ond mold cured elastomer intermediate 116 containing
a plurality of nonelastomer interleaved shims 118 with
the mold cured elastomer intermediate bonded between
the nonelastomer interleaved shims 118 and having a
cylinder foundation bearing 110b elastomer first bonding
surface 120b with the first foundation side nonelastomer-
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ic bearing member and a cylinder foundation bearing
110b elastomer second bonding surface 122b with the
distal second cylinder side nonelastomeric bearing mem-
ber.

[0026] The cylinder riser bearing 110 provides for the
connecting of the fluid cylinder 102 to a riser 14 with the
first riser side nonelastomeric bearing member for con-
necting to the riser 14 and the distal second cylinder side
nonelastomeric bearing member grounded to the fluid
cylinder 102. The cylinder foundation bearing 110 pro-
vides for the connecting of the fluid cylinder 102 to a
platformfoundation 10 with the first foundation side none-
lastomeric bearing member 112b for connecting to the
platformfoundation 10 and the distal second cylinder side
nonelastomeric bearing member grounded to the fluid
cylinder 102, wherein a force is applied between the con-
nected riser 14 and the platform foundation 10 through
the cylinder foundation bearing 110b and the cylinder
riser bearing 110a.

[0027] Preferably, the cylinder riser bearing 110a elas-
tomer first bonding surface 120ais comprised of a spher-
ical shell segment bonding surface.

[0028] Preferably, the cylinder riser bearing 110a elas-
tomer second bonding surface 122a is comprised of a
spherical shell segment bonding surface.

[0029] Preferably, the cylinder foundation bearing
110b elastomer first bonding surface 120b is comprised
of a spherical shell segment bonding surface.

[0030] Preferably, the cylinder foundation bearing
110b elastomer second bonding surface 122b is com-
prised of a spherical shell segment bonding surface.
[0031] Preferably, the fluid cylinder 102 includes a cyl-
inder fluid seal 124 for containing fluid within the fluid
cylinder 102 while providing for relative motion between
first fluid cylinder member 102a and second fluid cylinder
member 102b, with the cylinder fluid seal 124 having a
maximum cylinder fluid seal 124 operational moment
(SOM). As stated before, maximum cylinder fluid seal
124 SOM is the maximum operational moment that is to
be applied to the cylinder fluid seal 124 during riser ten-
sioner system 100 operation.

[0032] Preferably, the cylinder riser bearing 110a has
a cylinder riser bearing 110a cocking moment (RBCM)
wherein the cylinder riser bearing 110a inhibits an appli-
cation of a cylinder riser bearing 110a RBCM proximate
the cylinder fluid seal 124 maximum cylinder fluid seal
124 SOM. Preferably, the cylinder riser bearing 110a RB-
CM is substantially less than the SOM and does not ex-
ceed or approach the SOM during operation and use of
the fluid cylinder 102 and elastomeric bearing 110. Pref-
erably, RBCM has a value less than SOM, where SOM
has a range between about 0.5 SOM and 0.1 SOM. Pref-
erably, RBCM < 0.5 SOM, RBCM < 0.35 SOM, RBCM <
0.21 SOM, or RBCM < 0.13 SOM. However, most pref-
erably RBCM < 0.1 SOM. Preferably, the elastomeric
bearing 110 has a substantially constant stiffness in an
operational cocking direction.

[0033] Preferably, the cylinder foundation bearing
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110bhas a cylinder foundation bearing 110b cocking mo-
ment (FBCM) wherein the cylinder foundation bearing
110b inhibits an application of a cylinder foundation bear-
ing 110b FBCM proximate the cylinder fluid seal 124 max-
imum cylinder fluid seal 124 operational moment (SOM).
Preferably, cylinder foundation bearing 110b FBCM is
substantially less than the SOM and does not exceed or
approach the SOM during operation and use of the fluid
cylinder 102 and bearing 110. Preferably, FBCM has a
value less than SOM, where SOM has a range between
about 0.5 SOM and 0.1 SOM. Preferably, FBCM< 0.5
SOM, FBCM < 0.35 SOM, FBCM < 0.21 SOM, or FBCM
< 0.13 SOM. However, most preferably FBCM < 0.1
SOM. Preferably, the bearing 110 has a substantially
constant stiffness in an operational cocking direction.
[0034] Preferably, the cylinder riser bearing 110a elas-
tomer first bonding surface 120a comprises the spherical
shell segment bonding surface with radius RCRFS and
the cylinder riser bearing 110a elastomer second bond-
ing surface 122a comprises the spherical shell segment
bonding surface with radius RCRSS, with
RCRFS>RCRSS. Preferably, the nonelastomer inter-
leaved shims 118 progress from a large radius spherical
shell segment having a radius less than RCRFS and
greater than RCRSS to a small radius spherical shell
segment having a radius less than the large radius spher-
ical shell segment radius and greater than RCRSS.
[0035] Preferably, the cylinder foundation bearing
110b elastomer first bonding surface 120b comprises the
spherical shell segment bonding surface with radius
RCFFS and the cylinder foundation bearing 110b elas-
tomer second bonding surface 122b comprises the
spherical shell segment bonding surface with radius
RCFSS, with RCFFS>RCFSS. Preferably, the nonelas-
tomer interleaved shims 118 progress from a large radius
spherical shell sesgment having aradius less than RCFFS
and greater than RCFSS to a small radius spherical shell
segment having a radius less than the large radius spher-
ical shell segment radius and greater than RCFSS.
[0036] Anelastomericbearing 110 preferably provides
for the transferring a tensioning force from a fluid cylinder
102 to ariser 14, preferably with the riser 14 comprising
a fluid conduit for drilling and/or extraction of petroleum
products from underwater. The elastomeric bearing 110
preferably has the first side nonelastomeric bearing
member 112a, 112b and distal second fluid cylinder side
nonelastomeric bearing member 114a, 114b, the first
side nonelastomeric bearing member 112a, 112b, and
the distal second fluid cylinder side nonelastomeric bear-
ingmember 1143, 114b, vulcanized mold bonded togeth-
erwith mold cured elastomer intermediate 116 containing
the nonelastomer interleaved shims 118 with the mold
cured elastomer intermediate 116 bonded between the
nonelastomer interleaved shims 118 and having bearing
elastomer first bonding surface 120a, 120b, with the first
side nonelastomeric bearing member 112a, 112b, and
bearing elastomer second bonding surface 122a, 122b
with the distal second cylinder side nonelastomeric bear-
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ing member 114a, 114b. The elastomeric bearing 110
preferably has a substantially constant stiffness in an op-
erational cocking direction wherein the elastomeric bear-
ing 110 inhibits the application of an elastomeric bearing
cocking moment to cylinder fluid seal 124 of the fluid cyl-
inder 102.

[0037] Preferably, the elastomeric bearing 110 elas-
tomer first bonding surface 120a, 120b comprises the
spherical shell segment bonding surface.

[0038] Preferably, the elastomer second bonding sur-
face 122a, 122b comprises the spherical shell segment
bonding surface.

[0039] The elastomeric bearing 110 is used with the
fluid cylinder 102. Preferably, the cylinder fluid seal 124
contains a fluid within the fluid cylinder 102 while provid-
ing for relative motion between first fluid cylinder member
102a and second fluid cylinder member 102b, with the
cylinder fluid seal 124 having a maximum cylinder fluid
seal operational moment (SOM). As stated before, max-
imum cylinder fluid seal 124 SOM is the maximum oper-
ational moment that may be applied to cylinder fluid seal
124 during riser tensioner system 100 operation. Elasto-
meric bearing 110 has an inhibiting elastomeric bearing
110 cocking moment (RBCM). For this case, RBCM pref-
erably has a value less than SOM, where SOM has a
range between about 0.35 SOM and 0.1 SOM. Prefera-
bly, RBCM < 0.35 SOM, RBCM < 0.21 SOM, or RBCM
< 0.13 SOM. However, most preferably RBCM < 0.1
SOM.

[0040] Preferably, the bearing elastomer first bonding
surface 120a, 120b comprises the spherical shell seg-
ment bonding surface with radius RCRFS and the bear-
ing elastomer second bonding surface 122a, 122b com-
prises the spherical shell segment bonding surface with
radius RCRSS, with RCRFS>RCRSS. Preferably, the
nonelastomer interleaved shims 118 progress from a
large radius spherical shell segment having a radius less
than RCRFS and greater than RCRSS to a small radius
spherical shell segment having a radius less than the
large radius spherical shell segment radius and greater
than RCRSS.

[0041] Preferably, the bearing elastomer first bonding
surface 120a, 120b comprises the spherical shell seg-
ment bonding surface with radius RCRFS and the bear-
ing elastomer second bonding surface 122a, 122b com-
prises the spherical shell segment bonding surface with
radius RCRSS, with RCRFS<RCRSS. Preferably, the
nonelastomer interleaved shims 118 progress from a
large radius spherical shell segment having a radius less
than RCRSS and greater than RCRFS to a small radius
spherical shell segment having a radius less than the
large radius spherical shell segment radius and greater
than RCRFS.

[0042] A method of making elastomeric bearings 110
preferably includes providing a first side nonelastomeric
bearing member 112a, 112b. The method preferably in-
cludes providing a second fluid cylinder side nonelasto-
meric bearing member 114a, 114b. The method prefer-
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ably includes providing a plurality of nonelastomer inter-
leave shims 118. The method preferably includes dis-
posing the first side nonelastomeric bearing member
112a, 112b, the second fluid cylinder side nonelastomer-
ic bearing member 114a, ,114b, and the nonelastomer
interleave shims 118 in amold 140 with the nonelastomer
interleave shims 118 oriented between a bearing elas-
tomer first bonding surface 120a, 120b of the first side
nonelastomeric bearing member 112a, 112b and a sec-
ond distal bonding surface 122a, 122b of the second cyl-
inder side nonelastomeric bearing member 114a, 114b.
The method preferably includes bonding an elastomer
116 to the bearing elastomer first bonding surface 120a,
120b of the first side nonelastomeric bearing member
112a, 112b and the second distal bonding surface 122a,
122b of the second cylinder side nonelastomeric bearing
member 114a, 114b and the oriented nonelastomer in-
terleave shims 118, to provide a elastomeric bearing 110
having a substantially constant stiffness in an operational
cocking direction of the first side nonelastomeric bearing
member 112a, 112b relative to the second cylinder side
nonelastomeric bearing member 114a, 114b. Preferably,
the mold 140 includes a sprue 142 for the application of
an elastomeric molding pressure to the elastomer 116
bonded to the nonelastomeric components of the bearing
110 with a vulcanizing heat applied to the elastomer mold
and the elastomer to provide an elastomeric bearing 110
with the vulcanized mold bonded elastomer intermediate
116 with oriented nonelastomer interleaved shims 118.
[0043] Preferably, the elastomeric bearing first bond-
ing surface 120a, 120b is comprised of the spherical shell
segment bonding surface.

[0044] Preferably, the elastomeric second bonding
surface 122a, 122b is comprised of the spherical shell
segment bonding surface.

[0045] Preferably, the bearing 110 is used with the fluid
cylinder 102, with the riser tensioner fluid cylinder fluid
seal 124 containing a fluid within fluid cylinder 102 while
providing for relative motion between the first fluid cylin-
der member 102’ and the second fluid cylinder member
102", with the cylinder fluid seal 124 having the maximum
cylinder seal operational moment (SOM). As stated be-
fore, maximum cylinder fluid seal 124 SOM is the maxi-
mum operational moment that may be applied to cylinder
fluid seal 124 during riser tensioner system 100 opera-
tion. Elastomeric bearing 110 has an inhibited bearing
cocking moment RBCM. For this case, RBCM preferably
has a value less than SOM, where SOM has a range
between about 0.35 SOM and 0.1 SOM. Preferably, RB-
CM < 0.35 SOM, RBCM < 0.21 SOM, or RBCM < 0.13
SOM. However, most preferably RBCM < 0.1 SOM.
[0046] Preferably, the bearing first bonding surface
120a comprises the spherical shell segment bonding sur-
face with radius RCRFS and the bearing second bonding
surface 122a comprises the spherical shell segment
bonding surface with radius RCRSS, with
RCRFS>RCRSS. Preferably, the nonelastomer inter-
leaved shims 118 progress from a large radius spherical
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shell segment having a radius less than RCRFS and
greater than RCRSS to a small radius spherical shell
segmenthaving aradius less than the large radius spher-
ical shell segment radius and greater than RCRSS.
[0047] Preferably, the bearing first bonding surface
120b comprises the spherical shell segment bonding sur-
face with radius RCFFS and the bearing second bonding
surface 122b comprises the spherical shell segment
bonding surface with radius RCFSS, with RCFFS<RCF-
SS. Preferably, the nonelastomer interleaved shims 118
progress from a large radius spherical shell segment hav-
ing a radius less than RCRSS and greater than RCRFS
to a small radius spherical shell segment having a radius
less than the large radius spherical shell segment radius
and greater than RCFFS.

[0048] FIG. 1 shows ariser tensioner system 100 with
a platform above the water bottom and utilizing a riser
tensioner system 100. FIG. 2-2A show a riser tensioner
system 100 with the fluid cylinders 102 pulling upward
on the riser 14 through the riser tensioner system bear-
ings 110. FIG. 3-3A show a riser tensioner system 100
with the fluid cylinders 102 pushing upward on the riser
14 with the riser tensioner system bearings 110. FIG. 4
shows ariser tensioner system bearing 110 with a central
aperture. FIG. 5 shows a riser tensioner system bearing
110. FIG. 6 shows a method of molding a riser tensioner
system bearing 110 such as the one shown in FIG. 5.
FIG. 7 shows views of a riser tensioner system bearing
110including a cross section A-A and the controlled cock-
ing motion that the riser tensioner system bearing 110
provides. FIG. 8 shows a riser tensioner system bearing
110 with two oriented nonelastomer bonded shims 118.
FIG. 9 shows a riser tensioner system bearing. FIG. 10
shows a cross-section of riser tensioner system bearing
110 such as the one in FIG. 9. In FIG. 10 the nonelasto-
meric bearing member has an elastomer molding sprue
conduit 145 for the mold transferring of elastomer 116.
FIG. 11 shows the molding of a riser tensioner system
bearing 110 such as the one in FIG. 10 with an elastomer
molding sprue conduit 145 in communication with the
mold sprue 142. FIG. 12 shows a riser tensioner system
bearing 110 that provides a long projected service life
while inhibiting side loads to a fluid cylinder seal 124 with
an inhibiting cocking stiffness.

[0049] Thus, itis intended that the invention cover the
modifications and variations of this invention provided
they come within the scope of the appended claims and
their equivalents. Itis intended that the scope of differing
terms or phrases in the claims may be fulfilled by the
same or different structure(s) or step(s).

Claims

1. Arriser tensioner system (100), said riser tensioner
system (100) including:

a fluid cylinder (102), said fluid cylinder (102) for
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applying a force on a riser (14) from a force on
a platform foundation, said fluid cylinder (102)
having afirstriser end (102a) and a distal second
foundation end (102b), the riser tensioner sys-
tem (100) characterized by:

the platform being a tension leg platform,
and by

acylinderriser bearing (110a), said cylinder
riser bearing (110a) having a first riser side
nonelastomeric bearing member (112a)
and a distal second cylinder side nonelas-
tomeric bearing member (114a), said first
riser side nonelastomeric bearing member
(112a) and said distal second cylinder side
nonelastomeric bearing member (114a)
vulcanized mold bonded together with a
mold cured elastomer intermediate (116)
containing a plurality of nonelastomer inter-
leaved shims (118), said mold cured elas-
tomer intermediate (116) bonded between
said nonelastomer interleaved shims (118)
and having a cylinder riser bearing (110a)
elastomer first bonding surface (120a) po-
sitioned proximate to said first riser side
nonelastomeric bearing member (112a)
and a cylinder riser bearing (110a) elas-
tomer second bonding surface (122a) posi-
tioned proximate to said distal second cyl-
inder side nonelastomeric bearing member
(114a);

a cylinder foundation bearing (110b), said
cylinder foundation bearing (110b) having
a first foundation side nonelastomeric bear-
ing member (112b) and a distal second cyl-
inder side nonelastomeric bearing member
(114b), said first foundation side nonelasto-
meric bearing member (112b) and said dis-
tal second cylinder side nonelastomeric
bearing member (114b) vulcanized mold
bonded together with a second mold cured
elastomer intermediate (116) containing a
plurality of nonelastomer interleaved shims
(118), said second mold cured elastomer
intermediate (116) bonded between said
nonelastomer interleaved shims (118) and
having a cylinder foundation bearing (110b)
elastomer first bonding surface (120a) po-
sitioned proximate to said first foundation
side nonelastomeric bearing member
(112b) and a cylinder foundation bearing
(110b) elastomer second bonding surface
(122a) positioned proximate to said distal
second cylinder side nonelastomeric bear-
ing member (114b);

said cylinder riser bearing (110a) for con-
necting said fluid cylinder (102) to said riser
(14) with said first riser side nonelastomeric
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bearing member (112a) connecting to said
riser (14) and said distal second cylinder
side nonelastomeric bearing member
(114a) grounded to said fluid cylinder (102);
and

said cylinder foundation bearing (110b) for
connecting said fluid cylinder (102) to said
platform foundation (10) with said first foun-
dation side nonelastomeric bearing mem-
ber (112b) connecting to said platform foun-
dation (10) and said distal second cylinder
side nonelastomeric bearing member
(114b) grounded to said fluid cylinder (102),
wherein aforceis applied between said riser
(14) and a platform foundation (10) through
said cylinder foundation bearing (110b) and
said cylinder riser bearing (110a).

The riser tensioner system (100) of claim 1 wherein
said cylinder riser bearing (110a) elastomer first
bonding surface (120a) comprises a spherical shell
segment bonding surface.

The riser tensioner system (100) of claim 1 wherein
said cylinder riser bearing (110a) elastomer second
bonding surface (122a) comprises a spherical shell
segment bonding surface.

The riser tensioner system (100) of claim 1 wherein
said cylinder foundation bearing (110b) elastomer
first bonding surface (120a) comprises a spherical
shell segment bonding surface.

The riser tensioner system (100) of claim 1 wherein
said cylinder foundation bearing (110b) elastomer
second bonding surface (122a) comprises a spher-
ical shell segment bonding surface.

The riser tensioner system (100) of claim 1 wherein
said fluid cylinder (102) includes a cylinder fluid seal
(124) for containing fluid within said fluid cylinder
(102) while providing for relative motion between a
first fluid cylinder member (102a) and a second fluid
cylinder member (102b), with said cylinder fluid seal
(124) having a maximum cylinder fluid seal opera-
tional moment (SOM).

The riser tensioner system (100) of claim 6 with said
cylinder riser bearing (110a) having a cylinder riser
bearing (110a) cocking moment wherein said cylin-
der riser bearing (110a) inhibits an application of a
cylinder riser bearing (110a) cocking moment prox-
imate said cylinder fluid seal (124) maximum cylinder
fluid SOM.

The riser tensioner system (100) of claim 6 with said
cylinder foundation bearing (110b) having a cylinder
foundation bearing (110b) cocking moment wherein
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said cylinder foundation bearing (110b) inhibits an
application of a cylinder foundation bearing (110b)
cocking moment proximate said cylinder fluid seal
(124) maximum cylinder fluid SOM.

The riser tensioner system (100) of claim 1 wherein
said cylinder riser bearing (110a) elastomer first
bonding surface (120a) of comprises a spherical
shell segment bonding surface with aradius RCRFS
and said cylinder riser bearing (110a) elastomer sec-
ond bonding surface (122a) comprises a spherical
shell segment bonding surface with aradius RCRSS,
with RCRFS>RCRSS.

The riser tensioner system (100) of claim 1 wherein
said cylinder riser bearing (110a) elastomer first
bonding surface (120a) of comprises a spherical
shell segment bonding surface with aradius RCRFS
and said cylinder riser bearing (110a) elastomer sec-
ond bonding surface (122a) comprises a spherical
shell segment bonding surface with aradius RCRSS,
with RCRFS<RCRSS.

The riser tensioner system (100) of claim 1 wherein
said cylinder foundation bearing (110b) elastomer
first bonding surface (120a) comprises a spherical
shell segment bonding surface with a radius RCFFS
and said cylinder foundation bearing (110b) elas-
tomer second bonding surface (122a) comprises a
spherical shell segment bonding surface with a ra-
dius RCFSS, with RCFFS>RCFSS.

The riser tensioner system (100) of claim 1 wherein
said cylinder foundation bearing elastomer first
bonding surface (120b) comprises a spherical shell
segment bonding surface with a radius RCFFS and
said cylinder foundation bearing (110b) elastomer
second bonding surface (122b) comprises a spher-
ical shell segment bonding surface with a radius
RCFSS, with RCFFS<RCFSS.

Patentanspriiche

1.

Ein Steigrohrspannersystem (100), wobei das Steig-
rohrspannersystem (100) Folgendes umfasst:

einen Fluidzylinder (102), wobei der Fluidzylin-
der (102) zum Anwenden einer Kraft auf ein
Steigrohr (14) von einer Kraft auf einer Platt-
formbasis dient, wobei der Fluidzylinder (102)
ein erstes Steigrohrende (102a) und ein dista-
les, zweites Basisende (102b) aufweist, wobei
das Steigrohrspannersystem (100) dadurch
gekennzeichnet ist, dass die Plattform eine
TLP (Tension Leg Platform) ist, und es gekenn-
zeichnet ist durch ein Zylindersteigrohrlager
(110a), wobeidas Zylindersteigrohrlager (110a)
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ein erstes, steigrohrseitiges, nicht elastomeres
Lagerelement (112a) und ein distales, zweites,
zylinderseitiges, nicht elastomeres Lagerele-
ment (114a) aufweist, wobei das erste, steig-
rohrseitige, nicht elastomere Lagerelement
(112a) und das distale, zweite, zylinderseitige,
nicht elastomere Lagerelement (114a) mit ei-
nem formgeharteten, elastomeren Zwischen-
stiick (116), das eine Vielzahl von nicht elasto-
meren, verschachtelten Scheiben (118) enthalt,
mittels einer vulkanisierten Form miteinander
verbunden sind, wobei das formgehartete, elas-
tomere Zwischenstuck (116) zwischen den nicht
elastomeren, verschachtelten Scheiben (118)
verbunden ist und eine elastomere, erste Ver-
bindungsflache (120a) des Zylindersteigrohrla-
gers (110a), die nahe dem ersten, steigrohrsei-
tigen, nicht elastomeren Lagerelement (112a)
positioniertist, und eine elastomere, zweite Ver-
bindungsflache (122a) des Zylindersteigrohrla-
gers (110a), die nahe dem distalen, zweiten, zy-
linderseitigen, nicht elastomeren Lagerelement
(114a) positioniert ist, aufweist;

ein Zylinderbasislager (110b), wobei das Zylin-
derbasislager (110b) ein erstes, basisseitiges,
nicht elastomeres Lagerelement (112b) und ein
distales, zweites, zylinderseitiges, nicht elasto-
meres Lagerelement (114b) aufweist, wobei das
erste, basisseitige, nicht elastomere Lagerele-
ment (112b) und das distale, zweite, zylinder-
seitige, nicht elastomere Lagerelement (114b)
mit einem zweiten, formgeharteten, elastome-
ren Zwischenstiick (116), das eine Vielzahl von
nicht elastomeren, verschachtelten Scheiben
(118) enthalt, mittels einer vulkanisierten Form
miteinander verbunden sind, wobei das zweite,
formgehéartete, elastomere Zwischenstiick
(116) zwischen den nicht elastomeren, ver-
schachtelten Scheiben (118) verbunden ist und
eine elastomere, erste Verbindungsflache
(120a) des Zylinderbasislagers (110b), die nahe
dem ersten, basisseitigen, nicht elastomeren
Lagerelement (112b) positioniert ist, und eine
elastomere, zweite Verbindungsflache (122a)
des Zylinderbasislagers (110b), die nahe dem
distalen, zweiten, zylinderseitigen, nicht elasto-
meren Lagerelement (114b) positioniert ist, auf-
weist;

wobei das Zylindersteigrohrlager (110a) zum
Verkniipfen des Fluidzylinders (102) mit dem
Steigrohr (14) dient, wobei das erste, steigrohr-
seitige, nicht elastomere Lagerelement (112a)
mitdem Steigrohr (14) verknUpft ist und das dis-
tale, zweite, zylinderseitige, nicht elastomere
Lagerelement (114a) mit dem Fluidzylinder
(102) verankert ist; und

wobei das Zylinderbasislager (110b) zum Ver-
knipfen des Fluidzylinders (102) mit der Platt-
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formbasis (10) dient, wobei das erste, basissei-
tige, nicht elastomere Lagerelement (112b) mit
der Plattformbasis (10) verkniipftist und das dis-
tale, zweite, zylinderseitige, nicht elastomere
Lagerelement (114b) mit dem Fluidzylinder
(102) verankert ist, wobei Uiber das Zylinderba-
sislager (110b) und das Zylindersteigrohrlager
(110a) eine Kraft zwischen dem Steigrohr (14)
und einer Plattformbasis (10) angewendet wird.

Steigrohrspannersystem (100) gemafl Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120a) des Zylindersteigrohrlagers (110a) eine
Kugelschalensegmentverbindungsflache beinhal-
tet.

Steigrohrspannersystem (100) gemafl Anspruch 1,
wobei die elastomere, zweite Verbindungsflache
(122a) des Zylindersteigrohrlagers (110a) eine
Kugelschalensegmentverbindungsflache beinhal-
tet.

Steigrohrspannersystem (100) gemafl Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120a) des Zylinderbasislagers (110b) eine Kugel-
schalensegmentverbindungsflache beinhaltet.

Steigrohrspannersystem (100) gemafl Anspruch 1,
wobei die elastomere, zweite Verbindungsflache
(122a) des Zylinderbasislagers (110b) eine Kugel-
schalensegmentverbindungsflache beinhaltet.

Steigrohrspannersystem (100) gemafl Anspruch 1,
wobei der Fluidzylinder (102) eine Zylinderfluiddich-
tung (124) zum Halten von Fluid innerhalb des Flu-
idzylinders (102) wahrend des Bereitstellens einer
relativen Bewegung zwischen einem ersten Fluidzy-
linderelement (102a) und einem zweiten Fluidzylin-
derelement (102b) aufweist, wobei die Zylinderfluid-
dichtung (124) ein Maximalzylinderfluiddichtungs-
betriebsmoment (Maximalzylinderfluid-SOM) auf-
weist.

Steigrohrspannersystem (100) gemafl Anspruch 6,
wobei das Zylindersteigrohrlager (110a) ein Spann-
moment des Zylindersteigrohrlagers (110a) auf-
weist, wobei das Zylindersteigrohrlager (110a) eine
Anwendung eines Spannmoments des Zylinder-
steigrohrlagers (110a) nahe dem Maximalzylinder-
fluiddichtungs-SOM der Zylinderfluiddichtung (124)
verhindert.

Steigrohrspannersystem (100) gemafl Anspruch 6,
wobei das Zylinderbasislager (110b) ein Spannmo-
ment des Zylinderbasislagers (110b) aufweist, wo-
bei das Zylinderbasislager (110b) eine Anwendung
eines Spannmoments des Zylinderbasislagers
(110b) nahe dem Maximalzylinderfluiddichtungs-
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10.

1.

12.

SOM der Zylinderfluiddichtung (124) verhindert.

Steigrohrspannersystem (100) gemaR Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120a) des Zylindersteigrohrlagers (110a) eine
Kugelschalensegmentverbindungsflache mit einem
Radius RCRFS beinhaltet und wobei die elastome-
re, zweite Verbindungsflache (122a) des Zylinder-
steigrohrlagers (110a) eine Kugelschalensegment-
verbindungsflache mit einem Radius RCRSS bein-
haltet, wobei RCRFS > RCRSS.

Steigrohrspannersystem (100) gemaR Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120a) des Zylindersteigrohrlagers (110a) eine
Kugelschalensegmentverbindungsflache mit einem
Radius RCRFS beinhaltet und wobei die elastome-
re, zweite Verbindungsflache (122a) des Zylinder-
steigrohrlagers (110a) eine Kugelschalensegment-
verbindungsflache mit einem Radius RCRSS bein-
haltet, wobei RCRFS < RCRSS.

Steigrohrspannersystem (100) gemaR Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120a) des Zylinderbasislagers (110b) eine Kugel-
schalensegmentverbindungsflache mit einem Radi-
us RCFFS beinhaltet und wobei die elastomere,
zweite Verbindungsflache (122a) des Zylinderbasis-
lagers (110b) eine Kugelschalensegmentverbin-
dungsflache mit einem Radius RCFSS beinhaltet,
wobei RCFFS > RCFSS.

Steigrohrspannersystem (100) gemaR Anspruch 1,
wobei die elastomere, erste Verbindungsflache
(120b) des Zylinderbasislagers eine Kugelschalen-
segmentverbindungsflaiche mit einem Radius
RCFFS beinhaltet und wobei die elastomere, zweite
Verbindungsflache (122b) des Zylinderbasislagers
(110b) eine Kugelschalensegmentverbindungsfla-
che mit einem Radius RCFSS beinhaltet, wobei
RCFFS < RCFSS.

Revendications

1.

Un systeme de tensionneur de tube prolongateur
(100), ledit systéme de tensionneur de tube prolon-
gateur (100) incluant :

un cylindre a fluide (102), ledit cylindre a fluide
(102) pour appliquer une force sur un tube pro-
longateur (14) a partir d’'une force sur une fon-
dation de plateforme, ledit cylindre a fluide (102)
ayant une premiére extrémité de tube prolonga-
teur (102a) et une deuxieme extrémité de fon-
dation distale (102b), le systéme de tensionneur
de tube prolongateur (100) étant caractérisé
par:
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le fait que la plateforme est une plateforme
a cables tendus, et par un palier de tube
prolongateur de cylindre (110a), ledit palier
de tube prolongateur de cylindre (110a)
ayant un premier élément de palier non
élastomere cbté tube prolongateur (112a)
et un deuxieme élément de palier non élas-
tomeére cbté cylindre distal (114a), ledit pre-
mier élément de palier non élastomeére coté
tube prolongateur (112a) et ledit deuxieme
élément de palier non élastomere cbté cy-
lindre distal (114a) étant liés ensemble par
moule vulcanisé avec un intermédiaire élas-
tomeére durci en moule (116) contenant une
pluralité de cales entrelacées non élasto-
meres (118), ledit intermédiaire élastomeére
durci en moule (116) étant lié entre lesdites
cales entrelacées non élastomeres (118) et
ayant une premiére surface de liaison élas-
tomeére (120a) de palier de tube prolonga-
teur de cylindre (110a) positionnée a proxi-
mité dudit premier élément de palier non
élastomere coté tube prolongateur (112a)
et une deuxieme surface de liaison élasto-
mere (122a) de palier de tube prolongateur
de cylindre (110a) positionnée a proximité
dudit deuxiéme élément de palier non élas-
tomeére cbté cylindre distal (114a) ;

un palier de fondation de cylindre (110b),
ledit palier de fondation de cylindre (110b)
ayant un premier élément de palier non
élastomere co6té fondation (112b) et un
deuxiéme élémentde paliernon élastomére
coté cylindre distal (114b), ledit premier élé-
ment de palier non élastomére cété fonda-
tion (112b) et ledit deuxiéme élément de pa-
lier non élastomére c6té cylindre distal
(114b) étant liés ensemble par moule vul-
canisé avec un deuxiéme intermédiaire
élastomere durci en moule (116) contenant
une pluralité de cales entrelacées non élas-
tomeres (118), leditdeuxiéme intermédiaire
élastomere durci en moule (116) étant lié
entre lesdites cales entrelacées non élas-
tomeéres (118) et ayant une premiere surfa-
ce de liaison élastomére (120a) de palier de
fondation de cylindre (110b) positionnée a
proximité dudit premier élément de palier
non élastomére c6té fondation (112b) et
une deuxiéme surface de liaison élastome-
re (122a) de palier de fondation de cylindre
(110b) positionnée a proximité dudit deuxie-
me élément de palier non élastomeére coté
cylindre distal (114b) ;

ledit palier de tube prolongateur de cylindre
(110a) pour raccorder ledit cylindre a fluide
(102) audit tube prolongateur (14), ledit pre-
mier élément de palier non élastomeére coté
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1"

tube prolongateur (112a) se raccordant
audit tube prolongateur (14) et ledit deuxie-
me élément de palier non élastomére coté
cylindre distal (114a) étant mis a la terre sur
ledit cylindre a fluide (102) ; et

ledit palier de fondation de cylindre (110b)
pour raccorder ledit cylindre a fluide (102)
a ladite fondation de plateforme (10), ledit
premier élément de palier non élastomére
coté fondation (112b) se raccordant a ladite
fondation de plateforme (10) et ledit deuxie-
me élément de palier non élastomére coté
cylindre distal (114b) étant mis a la terre sur
ledit cylindre a fluide (102), ou une force est
appliquée entre ledit tube prolongateur (14)
et une fondation de plateforme (10) a tra-
vers ledit palier de fondation de cylindre
(110b) et ledit palier de tube prolongateur
de cylindre (110a).

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomere (120a) de palier de tube
prolongateur de cylindre (110a) comprend une sur-
face de liaison de segment de coque sphérique.

Le systeme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite deuxiéme sur-
face de liaison élastomére (122a) de palier de tube
prolongateur de cylindre (110a) comprend une sur-
face de liaison de segment de coque sphérique.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomeére (120a) de palier de fonda-
tion de cylindre (110b) comprend une surface de
liaison de segment de coque sphérique.

Le systeme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite deuxiéme sur-
face de liaison élastomeére (122a) de palier de fon-
dation de cylindre (110b) comprend une surface de
liaison de segment de coque sphérique.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ledit cylindre a fluide
(102) inclut un joint de fluide de cylindre (124) pour
contenir du fluide a l'intérieur dudit cylindre a fluide
(102) tout en assurant un mouvement relatif entre
un premier élément de cylindre a fluide (102a) et un
deuxieme élément de cylindre a fluide (102b), ledit
joint de fluide de cylindre (124) ayant un moment
opérationnel de joint (SOM) de fluide de cylindre
maximal.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 6, ledit palier de tube pro-
longateur de cylindre (110a) ayant un moment d’ar-
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mement de palier de tube prolongateur de cylindre
(110a) ou ledit palier de tube prolongateur de cylin-
dre (110a) empéche une application d'un moment
d’armement de palier de tube prolongateur de cylin-
dre (110a) a proximité dudit SOM de joint de fluide
de cylindre maximal de joint de fluide de cylindre
(124).

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 6, ledit palier de fondation
de cylindre (110b) ayant un moment d’'armement de
palier de fondation de cylindre (110b) ou ledit palier
de fondation de cylindre (110b) empéche une appli-
cation d’'un moment d’armement de palier de fonda-
tion de cylindre (110b) a proximité dudit SOM de joint
de fluide de cylindre maximal de joint de fluide de
cylindre (124).

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomere (120a) de palier de tube
prolongateur de cylindre (110a) comprend une sur-
face de liaison de segment de coque sphérique avec
un rayon RCRFS et ladite deuxiéme surface de
liaison élastomére (122a) de palier de tube prolon-
gateur de cylindre (110a) comprend une surface de
liaison de segment de coque sphérique avec un
rayon RCRSS, avec RCRFS > RCRSS.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomere (120a) de palier de tube
prolongateur de cylindre (110a) comprend une sur-
face de liaison de segment de coque sphérique avec
un rayon RCRFS et ladite deuxiéme surface de
liaison élastomére (122a) de palier de tube prolon-
gateur de cylindre (110a) comprend une surface de
liaison de segment de coque sphérique avec un
rayon RCRSS, avec RCRFS < RCRSS.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomére (120a) de palier de fonda-
tion de cylindre (110b) comprend une surface de
liaison de segment de coque sphérique avec un
rayon RCFFS et ladite deuxieme surface de liaison
élastomere (122a) de palier de fondation de cylindre
(110b) comprend une surface de liaison de segment
de coque sphérique avec un rayon RCFSS, avec
RCFFS > RCFSS.

Le systéme de tensionneur de tube prolongateur
(100) de la revendication 1 ou ladite premiére surfa-
ce de liaison élastomére (120b) de palier de fonda-
tion de cylindre comprend une surface de liaison de
segment de coque sphérique avec un rayon RCRFS
et ladite deuxiéme surface de liaison élastomére
(122b) de palier de fondation de cylindre (110b) com-
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prend une surface de liaison de segment de coque
sphérique avec un rayon RCFSS, avec RCFFS <
RCFSS.
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