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Descri ption HYDRAULI C TENSI ONER Technical Field
The present invention relates to a hydraulic 5 tensioner for exanple for
stud tensioning and the like. !

INTERNALLY LATCHED SUBSEA WELLHEAD TIEBACK
CONNECTOR
5 BACKGROUND OF THE INVENTION

The present invention relates to subsea wellhead and pipe connectors, and
more particularly to axially latching connectors for tying back to subsea wellheads
with well conductor or riser pipe.

The development of offshore petroleum oil and gas deposits from undersea

10  wells involves drilling production wells in the sea bed from a drilling platform, and
then capping the wellhead at the ocean floor until a production platform, either
stationary or floating, is put into place on the surface. To commence production
from a subsea well, large diameter marine riser pipe is run downward from the
production platform and connected to the subsea wellhead, a procedure generally

15  referred to as tying back to the wellhead.

Several types of tieback connectors are available to connect the riser to the
wellhead. “Certain of these connectors require rotation of a riser string to lock them
to, and release them from, the wellhead housing. However, when rotating to the
left to ﬁnlock the connector, the joints in the riser string tend to unthread and

20  loosen. Reconnecting these loosened joints can be a serious and costly problem to
the operatznft

To solve this problem, tieback connectors that are actuated by axial
movement have been developed to provide a connection to, and disconnection
from, a wellhead without rotary motion. In certain of such connectors, a pre-load

25 can be imposed through the connector’s lock ring and onto the wellhead housing.

Prior devices also include adjustment of the pre-load through cumbersome changes



Background Art Stud tensioning requires the use of a tool

"Wth a small dianmeter and possibly a |l ow height, so 10 as to fit into

mul tiple applications. In the past, a user had to determne if a
custoner required a | ow hei ght tensigner or a small-dianeter

t ensi oner, since it was inpossible t6 nmake a tensioner that woul d

meet both paranmeters. Wii.le small-diameter 15 tensiopers utilize. a

Tl L ot age. Sybves B elabvnpostions sy BT ek, bod s STRaRRL ©Himine §Rb5ged on
top of each other so as to obtain the required pulling | oad, | ow
hei ght tensi ceanestersudiqweven surl cenpegtors are nop gensijugighdo eyevidelan adenuatser . A
mul ti-stage system 20 includes a plurality of individual cylinder

chanbers nourpredoadnfota@pbetivesng tocktrirgy ors thet dvmhedttieand the vadiheadn qadshay nots
connected with the piston in the cyl i nder chanber above to push that

pi ston, whil g, adegue{té td hafltBR 1R 1RRiNRUBRRuTRIYr tRCetBlcatbistreR cRe S &red 25

In other words each piston | ocated above anot her pi ston woul d generate

}[ Eet ﬁgnbig'ed Jrl%cr:}??en(aftobs%i}ate the rise%uf%]m%hé %vréﬁhgara_er I's disclosed for exanple

One approach is disclosed in U.S. Patent 5,259,459 to Valka titled "Subsea
Wellhead Tieback Connector" which is directed to a wellhead tieback connector
actuated solely by axial motion to achieve connection and disconnection from the
subsea wellhead using a type of expanding lockdown ring and a type of adjustment
10 assembly.. After the connection is made between the tieback connector and the
wellhead, the apparatus taught by this patent is used to effectuate a rigid lockdown,
thereby eliminating any slippage that exists in the manufacturing or installation
tolerances in the riser pipe being connected.
The advent of spar-type floating production facilities has increased the need
15 for a premium, high force-resistant, tieback connection system for affixing a riser
pipe conduit from pre-drilled subsea wellheads to completion trees at the surface
within the spar’s structure. One unique problem that a spar presents is the limited
space from which to lower and install a riser pipe conduit and tieback connector
since the ihn_side diameter of the pipe will only permit passage of equipment 26
20  inches in diameter or smaller.
In addition to the small profile requirements, the subsea tieback connection
system must be resistant to extreme external bending and axial loads in addition to
the pressures generated from the well. A tieback connection system is required

which can generate sufficient locking force to resist separation forces in excess of



U S..patent application Serial No. 07/996,962 filed on Decenber 23,
"1992. As nost applications, 30 however, have snaller radial clearances

around the bolt than above it, it was in many instance
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SUMMARY OF THE INVENTION

To generate this force in a tieback connector, the present invention provides

a structure wherein the relative location between a recessed groove in the wellhead and

5  alock ring forming part of the tieback connector can be readily adjusted to provide

maximum pre-load. The lock ring is actuated to expand into the wellhead groove, and

beveled engagement surfaces on the lock ring and wellhead groove provide the
necessary pre-load.

In accordance with the present invention, there is provided a tieback connector

10 that has a tubular outer body that is adapted to rest axially upon an upper surface of

the wellhéad. The tieback connector has an inner body that is adapted to extend

partially into an inner diameter of the wellhead. The tieback connector has an

energizing piston that extends axially bgtween the wellhead and the inner body, the

piston including actuating means disposed between the inner body and the outer body

15  for selectively moving the piston in an axial direction. A lock ring extends

circumferentially around a por_tion of the inner body, the lock ring positioned beneath

a lower end surface of the energizing piston, axial movement of the energizing piston

in one direction expanding the lock ring into a locking engagement with a wellhead

componenht;.for ébnnecting the tieback connector to the wellhead component. An

20 adjusting ring extends around and is operatively connected to the inner body, the

adjusting ring positioned beneath and in contact with a surface of the lock ring, the

adjusting ring capable of axial movement to alter the axial position of the lock ring

relative to the inner body to establish an adjustable preload on the lock ring when the

lock ring is in locking ehgagement.



time.consum ng and expensi ve. Di scl osure of Invention 5
-Accordingly, it is an object of the present I nvention to provide a
hydraul i ¢ tensioner, which avoi ds the di sadvantages of the prior art.
In keeping with these objects and vvith ot hers which will becone
apparent hereinafter, one feature of* t he present invention resi des

briefly stated, hy u t ensi oner for. enS| oni ea.d
connect o whi ch habhs, LsBrai ¥ mﬁde RouRRNifes SR P elRAIRA
one axial end to abut against an j ect and anot her opposite axi al
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the housing so as to form as space therebetwen and provided with
engagi ng neanconfiressesntha dookgirg into the wdithead gcboven rmcther, thatighack abhhect@f of
chanmbers forned in the space, a plurality of piston nmeans axially 20
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compressive spring pre-load force.

To accomplish a high force-resistant tieback connection pursuant to the above
objectives, the expanding lock ring of the connector is positioned a short distance
above the recessed groove in the wellhead such that upon contact, the tapered

10 shoulders between the lock ring and wellhead groove stretch the connector body down
until the lock ring fully enters the groove, thus developing sufficient pull force to
generate pre-load. The relative position of the lock ring to the wellhead groove is
adjusted by a threaded cylinder or adjustment ring disposed in axial contact with the
lock ring. Rotation of the adjustment ring imparts axial movement to the lock ring

15  to accommodate differences in machining tolerances between the wellhead housing and
the tieback connector, and to pre-apply the desired amount of pre-load.

To provide the necessary mechanical advantage between the lock ring and a
hydraulic piston which expands the lock ring into the wellhead groove, without having
to generahte_; a lé;ge hydraulic force, radii are provided on the piston and lock ring

20  surfaces which are in contact as the pistbn is actuated. When the two contact surfaces
of the piston and lock ring pass by each other during the locking process, a small
relative angle is taken by the load path, resulting in a significant mechanical advantage
between the two parts, in the range of 27:1 in the preferred embodiment of the

invention. By way of example, in one embodiment of the present invention, a 1700



In one axial direction, the engaging elenment is 25 di splaced axially in

‘an opposite direction and thereby axially pulls the threaded
connector in an opposite axial direction, and the radially outer

di rensi on of the chanbers reducing in a dlrectlon fromthe anot her
axial end to the one axial end of 30 tRe housing. When t he
hydraul i c tensioner ls designed in accordance with the present

i nvention, t HS! pydaylic pressuree%ramsmt Hel §-7 SR INCERIHER SERHHCHAPROK IRAtely
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locking force acting on the lock ring.

A further feature of the present invention is to provide certain parts having a

5 design geometry such that these parts bend or buckle to create a compressive spring

pre-load force. This compressive spring force is introduced by making the adjustment

ring and locking piston long and slender, whereby deflection is provided under load.

Since both of these elements are fully captured on all sides by more rigid components,

the deflection or buckling of these two parts is restrained against failure and therefore

10 the two parts are fully supported. The stored energy of the adjustment ring and the

locking piston, in combination with the stretch associated with axially loading the

tieback connector’s main body, provide the necessary stretch and stored energy for

generating the required pre-load.

15 - BRIEF DESCRIPTION OF THE DRAWINGS
FIG.lisa ﬁagmenta.ry central sectional view through a tieback connector of
the present invention, depicting the connector and internal seals positioned in a
wellhead housing and
illustrates Ea@ the ‘iéft side of FIG. 1 prior to actuation of the connector) the energizing
20  piston ip its prestroke position and the lock ring in its retracted position, and also
illustrates (at the right side of FIG. 1 after actuation of the connector) completion of
the piston stroke with the energizing piston in its radial hoop compression position
behind the lock ring and with the adjustment ring in compression.

FIG. 2 is a partial fragmentary view of the tieback connector of the present



-3- . 1 The (its) manufacturing and assenbly costs of the t ensi oner
-are reduced. Only one engagi ng el enent and only one housing can be
used in the inventive nmul ti-stage tensioner. The housing can change
its 5 i nner dianeter with every cylinder chanber, while t he
engagi ng el enent can change its outer diarfeter with every cylinder
chanmber, so that at  the | ocati on of each piston the outside

di aneter of tinention as sheyay ikl Ge|le depicting preriaad compression duepg thepactyationiqf
housi ng are increased relative to the cylinder chanber bel ow. By

t aki ng t he adthaniebaek adnntdter.f act t hat each piston only applies a given
force and that the tensioning force applied to the engagi ng

el ement by the bot gem3pis $tfpiniehtabediwi dfane dack 2onREBR JTaHe pfREM8nGéntioh0 OF
three pistons, |ess material to transfer this force onto the engagi ng
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5 and the lock ring in the retracted position ready for actuation.

FIG. 4 is a fragmentary view of the tieback connector of the present invention
as shown in FIGS. 1 and 2, depicting the energizing piston as it initializes contact with
the top of the lock ring.

FIG. 5 is a fragmentary view of the tieback connector of the present invention

10 as shown in FIGS. 1 and 2, depicting the rounded end of the energizing piston as it
engages the rounded chamfer of the lock ring creating the mechanical advantage
required for pre-load.

FIG. 6 is a fragmentary view of the tieback connector of the present invention
as shown in FIGS. 1 and 2, depicting the energizing piston in its fully stroked position

15 (behind the lock ring) and in a radial hoop compression and with the adjustment ring

in compression.



20' . " The novel features which are considered as characteristic

for the invention are set forth in particular in the appended cl ai ns.
The invention itself, however, both as to its construction and

its nmethod of operation, together with additional 25 obj ects and

advant ages thereof will be best understood from the follow ng
descri ption neci f | o) W th

t he accorrpanyl ng d?%’y\ﬁ <) ﬂﬁsgﬂ%@ﬁbgagﬁrwmﬂ mlg’@\%ﬁ@l 30

FIG 1 of the dravmns |s a view show ng a cross-section

hydraulic tensiondf. ljipa fragmeafé%qeaaﬁlcSécmr@hV@Wéhwlgb@rﬂehﬁmé@meswr that
FIG 2 is a view show ng the inventive hydraul i ¢ tensioner in

accor dance wiik koastnictedr in3ocordemizowithriint prefertt ligventios,eddpidting eht icomeceindind

internal seals positioned in a wellthead housing and illustrates at the left side of FIG.

5 1 the energizing piston in its prestroke position and the lock ring in its retracted

position, and also illustrates at the right side of FIG. 1 completion of the piston stroke

with the energizing piston in its radial hoop compression position behind the lock ring

and with the adjustment ring in compression. In FIG 1, a tieback connector 10 is

connected to bottom of a section of riser pipe 12 by suitable means such as bolts 13.

10 Tieback connector 10 in turn is removably connected to a wellhead housing 14 in a

manner to be described below. The wellhead housing 14 remains fixed and stationary
during operation of the tieback connector 10.

The tieback connector 10 comprises a tubular outer body 16, a tubular inner

body 18 and a hydraulic piston assembly 20 that contains an energizing piston 22 and

15  associated- hydraulic supply lines 24a and 24b contained within piston actuation

channels 26a and 26b, respectively. Tieback connector 10 also comprises an

expanciing lock ring 28, a threaded adjustment ring 30, and a fixed reaction ring 32

which is fixedly connected to inner body 18 by any suitable means, such as by

threaded e;r‘lg_ageniént. The adjustment ring 30 is located beneath the expanding lock

20  ring 28. The adjustment ring 30 is threaded, or otherwise suitably connected, with

threads 33 to the reaction ring 32, and can be manually rotated prior to lowering

tieback connector 10 to wellhead 14.
The energizing piston 22 is caused to move within an associated lifting

chamber 34 by hydraulic pressure applied through actuation channels 26a and 26b.
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-4- FIG 3 is a view showng still a further enbodi nent
of the inventive hydraulic tensioner. Best Node of Carrying Qut the
I nvent.i on A tensioner in accordance with the present 5
I nvention has a housing which is identifi®td as a whol e wi th reference
nuneral 1 ang.is.fornpe subst a el eqent. The
t ensi oner q.hefﬂﬁt?rﬁé'Fs ﬁa*glgiw@ﬁ@aﬁf%mé’%%ﬂﬁf{&h@ &5 ﬂJéntAipP Iggfion of g
a whole with reference nuneral 2 and fornmed also 10 as a substantially
t ubul ar el enmbydrauliscpressurerta ¢haninel 26a forces pigtondpy 36fandhthupapistion@21daymveasds o
forma space 3

while application of pressure to channel 26b forces piston top 36 and piston 22

upward.

5 During operation of the tieback connector 10, the energizing piston 22 of the
hydraulic piston assembly 20 operates to force an expanding lock ring 28 into a
recessed groove 38 that is machined into the interior surface of the wellhead housing
14. The recessed groove 38 has a tapered entry 40 extending upwardly and radially
inwardly from groove 38. The expanding lock ring 28 has a complimentary beveled

10 edge or tapered shoulder 41 and is spaced to facilitate its tapered entry into the recess
38 during operation of the energizing piston 22, and operates in a manner to cause the
body of the tieback connector 10 to stretch as the expanding lock ring 28 moves along
the tapered entry 40 of the groove 38 (see FIGS. 3 and 4). There is a visual indicator
42 to depict the position of the energizing piston 22, and when visible indicates that

15  the piston is in its prestroke position.

The amount of force able to be created or generated is a function of two
features contained in the tieback connector 10, namely, (1) the relative location
between the wellhead housing’s recessed groove 38 and the expanding lock ring 28,
and (2) thg: mech;}lical advantage between the energizing piston 22 and the expanding

20 lock ring 28.

The relative location is created by positioning the expanding lock ring 28 a few
thousandths of an inch above the recessed groove 38. If the expanding lock ring 28
were to be positioned or spaced at the same location as the recessed groove 38, the

lock ring would simply expand into the recessed groove 38, and not exert any force



t herebet ween. The radially outer surface of the engaging elenment 2 is
"provided with a plurality of steps, while the radially inner surface
of the 15 housing 1 is also provided with a plurality of steps. A
plurality of chanbers are fornmed between t he housing 1 and the
engagi ng el ement 2. The hydraul?c tensioner further has a
“plurality of piston neans identifi ith reference 20 nuneral s 4 6.
The. pi st on_ meRREhaR G R tapsred.eniry 30 of e piobu 3L 10, 0ok R PRI ST
abutting agai nst an axially upper surface of the |ower end of the
housi ng 1 andeqrizgiritl faree thehvis nessand it owler to sffectuate i egEmate Beepreriead.
-The piston neans 5 and 6 each 25 I ncl ude two pistons | ocated adjacent to
one anot her force reguitechfortthé tighamk aonsdctar. dhowt dersinde theexpoudsigipchmohg 28 a
shoul der of the engaging el ement correspondi ngly in the position shown

in the draw RgjocARIGRA PéRitioned afRRNhE QRS Lrob VA 8)dhe tdperedt BBRRIErsSARRES Of
the 30 radially inner surface of the housing 1 and of "t he radially

i mansi orte- G aek i 389 gBfle TnEBRbe iy e B AURY WISK PN sllen

of t he tensj oner. . . . .
dﬁectiy causes the resulting stretching of the body of the tieback connector until the

lock ring can fully enter the recessed groove. Note, that the greater the relative
distance, the greater will be the resulting stretching (or pre-load) force that will be
caused to be generated. The relative position of the lock ring 28 with respect to the
10  recessed groove 38 is controlled by the threaded adjustment ring 30, which operates
as a threacied cylinder, tha; is positioned and located just below the expanding lock
ring 28, which the adjustment ring contacts. The adjustment ring 30 is threaded so
that it can be manually rotated vertically up or down relative to reaction ring 32 to
accommodate differences that will exist in the machining tolerances between the
15  wellhead housing 14 and the tieback connector 10. This allows the specific amount
of pre-load force desired to be. simply dialed-in (e.g., as the higher the adjustment ring

30 is moved, the greater the amount of pre-load will be generated).
The structure of the tieback connector produces the mechanical advantage that
is requiredhtg faciiitate and generate the high pre-load force of the connector without
20 the need to generate a large associated hydraulic force that would otherwise be
required for the connector. This is accomplished as a result of the physical geometries
between the energizing piston 22 and the expanding lock ring 28 with respect to each’s

respective radii on the respective surfaces that are present at the location of contact

between the piston and the lock ring. When the energiiing piston 22 and the lock ring



35 - The tensioner further has nmeans for supplying WO 96/ 29500

"PCT/ US96/ 03592 1 a hydraulic liquid. The hydraulic Iiquid supplying
means includes a substantially axial passage 7 and substantial ly
radi al passages 8, 9 and 10. The passage 8 leads in an area
underneath the lower 5 piston neans 4, il e the passages 9 and 10 each

lead in an arfifitogg};[ W r%lltbrgleeaicﬁg \el:xlf gyez%lmeo }a%Eu%Qé St?lffaces during the locking process,
the relative angle that the load path takes is very small. This action creates an
enhanced mechanical advantage between the two parts, on the order of approximately
27:1 in the preferred embodiment of the invention. Accordingly, a 1700 psi hydraulic
5  pressure acting on an 18.49 square inch piston generates approximately 29,500 Ibs.
downward force, which is translated to 810,000 Ibs. of locking force acting on the lock

ring 28.
FIG. 2 is a partial fragmentary view of the tieback connector that is built in
accordance with the present invention as illustrated in FIG. 1, depicting pre-load
10 compression during the actuation of the tieback connector. In FIG. 2, the tie-back
connector 10 is intended to have a certain amount of stretchiness during operation.
Accordingly, the inner body 18 is stretched when pre-loaded between reaction ring 32
and welthead 14. The dynamic load path is indicated by load path arrows 44a, 44b,
44c, 44d, 44e, 44f and 44g. If each of the components for the tieback connector 10
15 were infinitely stiff, the expanding lock ring 28 would engage the tapered entry 40 on
the recess groove 38 and then stop moving, regardless of the position or setting of the
lock ring 28. In such case, there would not be sufficient hydraulic force on the
tieback connector to cause the body of the tieback connector to stretch and thereby
generate ﬂ;e_ ~requ~i\1"ed pre-load force necessary to operate the connector. To introduce
20 and facilitate stretch, the geometry of certain parts must be made sufficiently slender
to deflect, bend and/or buckle in a predetermined manner or fashion to create a
resulting compressive spring force, which is the connector’s required pre-load force.
This compression spring force is introduced within the connector by making the

adjustment ring 30 and locking energizing piston 22 long and slender so that these



t he -pi ston neans 5 and 6 correspondingly. The engagi ng elenent 2 is

"provided with engagi ng neans 11 which can be forned in particular as a
thread 10 provided in an inner opening 12 of the engagi ng el enent .
Since at least the radially outer di aneter of the dianeter or in
ot her words the radially outer surfade of the engagi ng el enent 2

and the radially inn r.face aqf, the housin ave ra ons
di ni ni shi ng Partd Wil PG in & Preppisrminge ’B?J}S‘Sg ‘*é’ﬁa {rgiet fesu fj%}ﬁié* F‘l’éﬁenﬁ the
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annul ar 20 recess 13 is provided for a weight reduction of the
tensi oner.  force betweelhrexpnyding ldckaringe D% andh egaction aing G2d@ry eload tforct mearked

present invention operates in the follow ng nanner: The tensioner
is first arr%p%das%sﬁ .t BrRadiedadiastme RNARE BONs S6mplBaRly Eé’tﬁur’ebroﬂadil itd sigés t he
engaglng enent 2 Is screwed on the threaded connector
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t he passages rou h e passage

enters . .
compression spring force) has no where to go for failure and therefore is fully

supported. As a result of the compression spring force, the energizing piston 22 locks-
up and deflects inward, away from the expanding lock ring 28 (force marked by an
asterisk), as the connector is locked, thereby providing a hoop stress deflection to

10  provide the compression spring force. The energizing piston is also surrounded and
supported by rigid bodies, thereby preventing failure.

The stored energy of these two somponents, namely, the energizing piston 22
and the adjustment ring 30, along with the stretch associated with axially loading the
connector’s inner body 18, provide the necessary stretch and stored energy for

15  generating the required pre-load for the connector.

FIG. 3 is a .fragmentary view of the tieback connector that is constructed in
accordance with the present invention as shown in FIGS. 1 and 2, depicting the
energizing piston in the withdrawn position and the lock ring in the retracted position
ready for e;ctuatxon In FIG. 3, the energizing piston 22 is in its associated pre-stroke

20 positioq, and the expanding lock ring 28 is in its associated retracted position. The
rounded end 48 of piston 22 is above the lock ring 28. The lock ring 28 is away from
the recessed area 38 of the wellhead housing 14. Since the energizing piston 22 is in
its pre-stroke position and the lock ring 28 is in its retracted position, there are no

resulting load paths or compression spring forces at this time.



311 - underneath the piston 4 and presses the housing 1 downwardly and
‘the piston 4 upwardly. The hydraulic liquid fl ow ng through the
passages 9 and 10 presses the | ower piston of each piston neans 5

and 6 downwardly and the upper piston of g%ch 35 piston neans 5 and 6
upwardly. Since the housing WO 96/ 29500
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accordance with the present invention as shown in FIGS. 1 and 2, depicting the
energizing piston as it initializes contact with the top of the lock ring. In FIG. 4, the
energizing piston 22 commences its associated stroke, and as it does its rounded end

5 48 physically contacts the top edge 52 of the lock ring 28, which forces the lock ring
28 out into the grove 38 formed and located in the wellhead housing 14. Top edge
52 is an edge having an associated radius. During operation of the energizing piston
22, the lock ring 28 will begin to make physical contact with tapered entry 40 of
recessed grove 38.

10 FIG. 5 is a fragmentary view of the tieback connector that is constructed in
accordance with the present invention as shown in FIGS. 1 and 2, depicting the
rounded end of the energizing piston as it traverses the rounded chamfer of the lock
ring creating the mechanical advantage required for pre-load. In FIG. 5, as the
energizing piston 22 continues its associated stroke, the rounded lower end 48 will '

15 meet continued increased pressure and resistance from the rounded surface or the
rounded chamfer that is associated with lock ring 28 as the lock ring 28 seats itself in’
groove 38. Accordingly, the stress and dynamics of this will act to compress the
width of rounded end 48, which causes the deflection and/or buckling of the top
portion og _e;nergiiing piston 22 at location 54. This dynamic deflection and/or

20 buckling action will act as a spring compression force at location 54. Simultaneously,
during operation of the tieback connector, resulting stress forces, and dynamic
buckling and/or deflection forces occur at a location 56 in adjustment ring 30. This
buckling will result in a different spring compression force to occur at location 56.

Accordingly, during operation of the tieback connector, the associated load path will



in which the threaded stud is screwed, the housing cannot nove

downwardly, and therefore the engagi ng element 2 is displaced upwardly
so as to pull and 5 therefore to tension the stud in the flange.

As can be seen fromthe draw ng, the engagi ng el ement 2 can incl ude
radially inner puIIer menber 13 mhic is provided wi th the opening 12
havi ng t he read 11, d the r | 1 er tra ssion 10 . nenber
12 which surreoupadie ﬁ&e%\zﬂlw@a?le Sin urine ' Forces RO AR fop s bptiom
stepped surface as described herelnabove The transm ssion nenber 14
i s not doeatmaised aid Pb.tthe effatt eff whishiieto T8 atruasspisted @gmpressiogApring t he

operation axially abuts against the 15 puller nenber 13 due to the

cooperation kfoics®en atpiedeterminediditdeelen at edcht dfahpsdl fvey logmidier 13 and t he
transm ssi on nenber 14. In such a construction the pul I er menber 13

can be easily reﬁf?ffgf é{somﬁg@renmvy mes&ebeaj eag@gge%tqygoﬁs%héaqﬂ

w t h anot her 20 exanpl e rent engaglng
reans, sl A BB ol et e T
pul T er r::?lgg?zrmglglsgo%nmqﬁe rllcgr\gt?o g:d pos&iogx(ggﬁrlxd the locl\ ring). In FIG. 6, the
energizing piston 22 is in its fully-stroked position which simultaneously causes an
inward compression spring force at location 60 as the edge of the lock ring 28 seats
itself within the recessed area 38. The resulting dynamic load paths are indicated by
10 load path arrows 64 and 66. The adjustment ring 30 will be in compression and the
piston 22 will be in a radial hoop compression.

Although the foregoing detailed description of the present invention has been
described by reference to a single embodiment, and the best mode contemplated for
carrying out the present invention has been herein shown and described, it will be

15 understood that modifications or variation in the structure and arrangement of that
embodiment other than those specifically set forth herein may be achieved by those

skilled in the art and that such modifications are to be considered as being within the

overall scope of the present invention.

F)



25 . knurling to be engaged by a user for renoval of the old puller

I nsertion menber . It is of course
understood t Ellm ul"” lit"ug gl ng eI ement 2, instead of being conposed of
two nenbers formed as a one-piece 30 el ement. As shown
In the draw ngs, the radi al wi dt hs the pistons and the chanbers in
whi ch the pi stons axially displace are identical for all pi st ons
and all chaWerckim: However, such an arrangenent is not necessary,
and it is possible to 35 provide the pistons and the chanbers which have
WO 96/ 29500 1. A tieback connector for connecting a risCForidS8e61, @8 D8er well pipe

to a subsea wellhead, said connector comprising:

()  a tubular outer body means adapted to rest axially upon an upper
surface of the wellhead;

(b)  an inner body means adapted to extend partially into an inner
diameter of said wellhead;

(c) an energizing piston means extending axially between said
wellhead and said inner body means, said piston means including actuating means

disposed between said inner body means and said outer body

means for selectively moving said piston means in an axial direction;

(d) a lock ring means extending circumferentially around a portion
of the inner body means, said lock ring means disposed beneath a lower end of said

energizing piston means, axial movement of said energizing

piston means in one direction expanding the locking ring means into locking
engagement with a wellhead component for connecting the tieback connector to said
component; and

(e) an adjusting ring means extending around and operatively
connected ’;:o. saici.‘inner body means, said adjusting ring means disposed beneath and
in contact with a surface of said lock ring.means, said adjusting ring means capable
of axial movement to alter the axial position of said lock ring means relative to said
inner body means to establish an adjustable pre-load on the lock ring means when the

lock ring means is in locking engagement.



7- - 1 different radial dinmensions. The hydraulic tensioner in
~accordance wt mam enbodi nent shown in FIG 2 is substantially
simlar to thenmmm"n““ ner of FIG 1. 5 However, here the piston
means 5 and 6’ *are ferned® * sonmewhat r}glfferently. Each pi ston neans 5'

and 6' have a first piston 5", 6" a second piston 5" and

6""', which areforrredada nged SO t the piston 5"", 6"'
surrounds the piston 5" egieh COP%F&F%%? ‘HV\bWHFS‘F“h??ddéB@P FPVEIFRY 9fysaid
downwardly to abut agai nst a nei ghboring, downwardly | ocated

pi st on. Al sogneigizipg ision mesens tarexpawh thec lasliing tihg means gireatem ot ine¢hapical
‘return spring 16. The hydraulic tensioner of FIG 3 is 15

subst anti al | wdedntadectietiveen! the ehyrgizng pstonansindn@d he lock rixfg k&, 1 and 2.
the piston neans in this tensi oner are, however, different. Each

pi ston means 26, with the exception of the | owernost pi ston
means, has an upper piston 27 provided with 20 a radially inner

ring-shaped proj e%t. 'on "1%18e ma%ﬂ connector of claim | wherein said lower end of said
energizing piston means includes a radiused surface which contacts a radiused surface

on said lock ring means when said piston means is moved in said one direction.

4, The tieback connector of claim 3 wherein said piston means includes
a portion bearing radially against a component of said inner body means when said
piston meéns is moved in said one direction and said lock ring means bears against
said wellhead component as said piston means also bears radially against said lock ring

means to create said pre-load.

5.~  The tieback connector of claim 1 wherein said adjusting ring means
deflects when said locking ring means is in locking engagement with said wellhead
component.
6. . The tieback connector of claim 1 wherein said energizing piston means
deflects when said lock ring means is in locking engagement with said wellhead

component.

7. The tieback connector of claim 1 wherein said adjustment ring means



extends axially upwardly, and a | ower piston 29 i ;m a
radially outer ring-shaped projection 30 V\hl\ﬂlmgm “m\ y

downwar dl y. The radially inner projections 28 che Lpl 8t ohs 27 25
abut axially against the steps of the eng:fl i ng el enent 2, while the
radially outer projections 30 of the gi stons 29 abut against the steps

of the housing 1. I n such a constructiqon the seals in the, . j stons
are reliably %F%gte@ﬁr,glzdﬂ%l pton H@ag%lf’r%hl Wci'iei“n%‘dc iﬂ?ﬁor\}‘%g' ARNHLS B loﬁg}"éht

of the tensioner is reduced. Whil e the invention has been

i |l ustrated aengagementdeitic sdidackllhsadeedoplingdt.in a hydraulic tensioner, it

is not intended to be limted to the details shown, 35 si nce various

nodi fications and structural changes

8. The tieback connector of claim 5 wherein the deflection of said
adjusting ring means produces a compressive buckle in said adjusting ring means to
provide a load force between the lock ring means and a component of said inner body

means.

9. The tieback connector of claim 6 wherein the deflection of said
energizing piston means provides a hoop stress in said energizing piston means to

provide a load force between the lock ring means and said wellhead component.

10.  The tieback connector of claim 7 wherein said deflected adjustment ring
means and deflected energizing piston means are supported by rigid bodies to prevent

failure of said energizing piston means and adjustment ring means during deflection.

11.  The tieback connector of claim 10 wherein said support of said
deflected adjustment ring means and energizing piston means by said rigid bodies in

combination with fhe inherent compressibility of said inner body means of said tieback

connector create stored energy to provide said pre-load.

12. A tieback connector for connecting a riser, conductor, or other well pipe

to a subsea wellhead, said connector comprising:



W) 96/ 29500 PCT/ U896/
may be made without departing in any way fromthe ‘“\“ e present
I nventi on. WO 96/ 29500 \“‘
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(a) a tubular outer body adapted to rest axially upon an upper surface of
the wellhead;

(b)  an inner body adapted to extend partially into an inner diameter of said
wellhead;

() an energizing piston extending axially between said wellhead and said
inner body, said piston including actuating means disposed between said inner body
and said outer body for selectively moving said piston in an axial direction;

(d) a lock ring extending circumferentially around a portion of the inner
body, said lock ring disposed beneath a lower end of said energizing piston, axial
movement of said energizing piston in one direction expanding the locking

ring into locking engagement with a wellhead component for connecting
the tieback connector to said component; and

(e) an adjusting ring extending around and operatively connected to said
inner body, said adjusting ring disposed beneath and in contact with a surface of said
lock ring, said adjusting ring capable of axial movement to alter the axial position of
said lock ring relativ.e to said inner body to establish an adjustable pre-load on the lock
ring when the lock ring is in locking engagement.

13.  The tieback connector of claim 12 wherein said axial movement of said
energizingﬂpi_ston.;) expand the Jocking ring creates a mechanical advantage between

the energizing piston and the lock ring.

14.  The tieback connector of claim 12 wherein said lower end of said
energizing piston includes a radiused surface which contacts a radiused surface on said

lock ring when said piston is moved in said one direction.



Caims 1 1. A hydraulic tensioner for tensioning a
t hr eaded connect or, conpri si ng a ﬁEﬂSt ant i al | ﬁ t ubul ar

housi ng havi ng an axi s, one axial end to "ﬂﬂ“lﬂsﬂll' ﬂlfgjbﬁlcgr

and 5 anot her opposite axial end; a substa
engagi ng el enment arranged radially 18 jnside said housing so as to
forma space t herebet ween and provi ded with engagi ng nmeans

for engagi ng a t hriadedllentisbatkoeonngetpp of claim gruwhereinysaid msten daclidems
arranged in said space and spaced axially from one another so

as to formi rposadrd bedringeradiatly Wpainktt 3 cerfiponent of said diesribeds wieewi saigl pathinak| y
I nner and outer di nensi ons; and neans for supplying a working 15

liquid into sgidqGhamiehns dﬁQcti%ﬁ ah@ sﬁﬁ% g egobea\}'\%a%auésfé ?%ﬂewélﬁ'xeﬁ@'cgrg Bt ng

and to said engaglng | ement housing a

against the Oa%J sgl%t plston A & bears Ilad%ﬁlgl%%gmgt said lock ring to create said pre-load.

16.  The tieback connector of claim 12 wherein said adjusting ring deflects

when said locking ring is in locking engagement with said wellhead component.

17.  The tieback connector of claim 12 wherein said energizing piston

deflects when said lock ring is in locking engagement with said wellhead component.

18.  The tieback connector of claim 12 wherein said adjustment'ring and
said energizing piston deflect when said lock ring is in locking engagement with said

wellhead component.

19.  The tieback connector of claim 16 wherein the deflection of said
adjusting ring produces a compressive buckle in said adjusting ring to provide a load
force between the lock ring and a component of said inner body.

20.  The tieback connector of claim 17 wherein the deflection of said
energizing piston provides a hoop stress in said energizing piston to provide a load

force between the lock ring and said wellhead component.

21.  The tieback connector of claim 18 wherein said deflected adjustment



sai d engagi ng el ement is displaced axially in 20 ~ an opposite

direction and thereby axially pulls the threaded connector in an
opposite axial direction, sai d radially outer

di mensi on of said chanbers reducing in a direction fromsaid
anot her axial end to said 25 one axi’al end of said housi ng.

A hydraulic tensioner, as defined ipn claiml wherein said_h u5|n
has a radi al "8 cflected energizing pisian awpmdm Figid Radigsdi Rrgvest f@fvéss
agai nst which said piston neans abut. WO 96/ 29500

PCT/ US96/ 035@ said energizing piston and adjustment ring during deflection.

22. The tieback connector of claim 21 wherein said support of said
deflected adjustment ring and energizing piston by said rigid bodies in combination
with the inherent compressibility of said inner body of said tieback connector create

stored energy to provide said pre-load.

I



1 3. A hydraulic tensioner as defined in claiml, ' wherein said

engagi ng elenent has a radially outer surface provided with a
plurality of st eps agai nst which said piston neans abuts. 5
4. A hydraulic tensioner as defined in ﬁgain13, wherein said
engagi ng el ement includes a radfally inner pulling nenber and a
radi ally outer transm ssion nenber axially abutting

agai nst said pulling nenber, said radially 10 inner pulling nmenber
having an opening provided wi th said engagi ng neans, said
radial |y outer transmi ssion menber bel/ARSTRACT provi ded with said

radially outer surface.
A subsea wellhead tieback connector operatively used to connect to a marine

riser pipe or a well conductor in a manner that will not unthread or unloosen the joints
of the riser pipe being unlocked. The tieback connector operates with a novel internal
latching mechanism having a hydraulic piston, an inner body that stretches and deflects
in a unique manner resulting in compression spring forces at two locations, an
expanding lock ring, a threaded adjustment ring, and a reaction ring. During operation
the tieback connector creates an enhanced mechanical advantage to originate a required
pre-load force without the necessity of having to generate a large hydraulic force that

would otherwise be needed.
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5. A hydraulic tensioner as defined inclaim1, 15 wherein said
‘pi ston nmeans i ncludes a piston | ocated closer to said one end
of said housi ng and formng a floating base, the
remai ni ng ones of said piston neans each i ncl uding two pistons
| ocated axially 20 adj acent to 1of® another, said neans for
supplying a hydraulic liquid being fornmed so as to supply the
hydraulic liquid in an area bet n said floating body and said
one end of said housing and Is%\rﬂr&as bet ween two 25
pi stons of eachtIGafid remai ni ng pi ! means.
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6 A hydraulic tensioner as defined in claim1, wherei n at | east
sonme of said piston nmeans includes a first piston and a second

pi ston arranged so that said second piston radially 5 .
inwardly surrounds said first piston of;8 respecti ve one of sai d
pi ston neans, and said second piston of one of said piston neans
axially abut s sald seconc ston of anot her of said

pi ston neans. EE ﬁ%} ensioner as defined in claiml1,
wher ei n said housing has an 0?4 with a dianeter
reducing in direction from i £%other end toward said one end.
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8. A hydraulic tensioner as defined in claim1, 15
housing is fornmed as a one-pi ece el ement which is uninterrupted
in the axial di rection. 9. A hydraulic tensioner as
wherein said engaging elenent is formed as an

20 el ement which is uninterrupted/4® the axial direction. T
10. A hydraulic tensioner as defined in claiml1, wherein said
housi ng and saig_ engagi ng el enent are fornmed as el enents which

are 20 unlnﬁfrrupted in the ax&?l ggrectl%%. o o

wherein said

defined in claim1,
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- 12 - 1 11. A hydraulic tensioner as defined in claiml

wherein at | east sone of said piston neans i ncludes a first piston
provided with a radi ally inner ring-shaped projection and 5
abutting agai nst sai d engagi ng el enent and a second pi ston
provided with a radially outer ri ng- shaped projection abutting
agai nst said housi ng. 12. A hydraulic tensioner as defined
inclaim1l1, 10 wherein said projections of each of said sone

piston neans extend in opposite axial directions and axially
abut against said 20

INTERNALLY LATCHED SUBSEA WELLHEAD TIEBAC

ABSTRACT

A subsea wellhead tieback connector operatively used to connect to a marine
riser pipe or a well conductor in a manner that will not unthread or unloosen the joints
of the riser pipe being unlocked. The tieback connector operates with a novel internal
latching mechanism having a hydraulic piston, an inner body that stretches and deflects
in a unique manner resulting 1n compression spring forces at two locations, an
expanding lock ring, a threaded adjustment ring, and a reaction ring. During operation
the tieback connector creates an enhanced mechanical advantage to originate a required
pre-load force without the necessity of having to generate a large hydraulic force that

would otherwise be needed.

Figure 1
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*XT OF THE ABSTRACT

INTERNALLY LATCHED SUBSEA WELLHEAD TIEBACK CONNECTOR

A subsea wellhead tieback connector (10) operatively used to connect to a marine riser pipe
(12) or a well conductor in a manner that will not unthread or unloosen the joints of the riser
pipe (12) being unlocked. The tieback connector (10) operates with a novel internal latching
mechanism having a hydraulic piston (22), an inner body that stretches and deflects in a unique
manner resulting in compression spring forces at tow locations, an expanding lock ring (28), a
threaded adjustment ring (30), and a reaction ring (32). During operation the tieback connector
(10) creates an enhanced mechanical advantage to originate a required pre-load force without
the necessity of having to generate a large hydraulic force that would otherwise be needed.

Figure 1.
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