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HYDRO-PNEUMATIC CYLINDER WITH ANNULUS FLUID BYPASS

Cross-Reference to Related Applications

The present application claims priosity to US. Provisional Application Serial Ne.

62/743,899 filed on October 10, 2018 which is incorporated berein by reference in its entirety.

TECHNICAL FIELE
The present disclosure relates generally to pulbup viser lensioner systems used on
offshore floating production and drilling plattorms and, more particularly, to a hydro~pneumatic

cylinder with annutus fluid bypass for use in a riser lensioner system.

BACKGROUND

Offshore production platforres are often used when performing offshore subtervanean
operations. Such offshore platforms must typically support a riser that extends frorn the platform
to a subsea well. In some instances, the offshore platformy may be fixed to ocean floor, thereby
readily providing support for the riser. However, in certain deepwater implementations using
foating platforms such as tensioner leg plattorms or semi-submersible platforms, supporting the
risers may prove challenging. Specifically, 8 floating platforny may move up and down or suay
he displaced horizontally due to oscillations from waves and currents, It is desirable to maintain
a predetenmined tonsion on the riser despite the platform oscillalions.  Accordingly, tensioners
are often utilized to maintain a desired tension on the riser as the platform oscillates.

A typical pull-up riser tensioner system may include multiple tensioner eylinders, which
may be hydro-pneumatic cylinders. A lower distal end of the tensioner cylinders may be
coupled toa threaded tension ring disposed on a viser. As used herein, the term “riser™ may refer
to both production and drilling visers. The opposite, fop distal end of the tensioner eylinders is
coupled 1o the platform.  The tensioner cylinders serve 1o maintain a substantiatly constant
tension ou the riser as the floating platform moves vertically or horizontally due 10 wind, waves,
and other natural events. The tensioner oylinders serve as the connection between the tension
ring on the riser and the Hoating platforny.

The tensioner oylinders are usoally fnsialled on the platform prioy 0 runndug the riser.
Accordingly, one of the final steps in runming the riser 1s 1o couple the riser to the tensioner
cylinders and transfor the riser weight fom the rig to the tensiovers. Carrent approaches for
coupling the tensioner cylinders to the tension ring ofien requive rig personnel (0 manually make
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the connection. Floating platfornis ave typically equipped with a lower deck to accommodate rig
personnel performing various service on the temsioner cylinders, ncluding making the
connections to the tension ring, maintaining the cylinders, and removing/replacing cylinders as
needed throughout operation. Tt is now recognized that a more efficient approach is needed for
performing service on pull-up tensioner eylinders, for example, that does not require a lower

deck on the floating platform,

jaw]



WO 2020/076972 PCT/US2019/055429

BRIEF DESCRIFTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its features and
advantages, reference Is now made fo the following description, taken in conjunction with the
accompanying drawings, in which:

FIG 1 is a front view of a floating platforny with a pull-up tensioner system coupled to &
riser, in accordance with an embodiment of the present disclosure;

FIG. 2 is a perspective partial cutaway view of a hydro~-pneumatic cylinder used in the
tensioner system of FIG. 1, in accordance with an embodiment of the present disclosure;

FIG. 3 is a perspective partial cutaway view of a portion of the hydro-paeumatic
cylinder of FIG. 2, in accordance with an embodiment of the present disclosurs;

FIG. 4 i3 8 perspective parlial cutaway view of a distal end of the hydro-pneumatic
evlinder of FIG, 2 n a nominal cylinder coudition, in accordance with an embodiment of the
present disclosure;

FIG. 5 is a cataway view of a portion of the hydro-pneumatic cylinder of FIG. 2 ina
nominal eylinder condition where the eylinder is being atltached to a tension ring, in accordance
with an embodiment of the present diselosure;

FIG. 6 is a perspective partial cataway view of the distal end of the hydro-pueumatic
eviinder of FIG. 2 in an energized position where it is atfached to a tension ring, i accordanece
with an embodiment of the present disclosure;

FIGS. 7, 8, 9, 10 are cutaway views of portions of the hydro-pnennmatic eylinder of FIG.
2 during a process of the hydro~-pneumatic cylinder conpecting to a tension ring, in accordance
with an embodiment of the present disclosure;

FIGR, 11, 12, 13 are cutaway views of portions of the hydro-pneumatic eylinder of FIG.
2 during a process of the hydro-pnemmatic eylinder disconnecting froms a lension ring, in
accordance with an embodiment of the present disclosure; and

FIGS. 14 and 15 are culaway views of portions of the hydro-pneumatic cylinder of F1G,
2 during a process of performing a fluid Hush twough the bydro-prewmatic cylbivder, in

aceordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

UHustrative embodiments of the present disclosure are deseribed in detail hereln. fn the
nierest of clarity, not all features of an actual implenentation are described in this specification.
it will of course be appreciated that in the development of any such actual embodiment,
numerous implementation speeific decisions must be made to achieve developers” specific goals,
such as compliance with system related and business-related consteaints, which will vary from
one iniplementation to apother. Morgover, it will be appreciated that such a development effort
might be complex and time consuming bot would nevertheless be a routive undertaking for those
of ordinary skill in the art having the benefit of the present disclosure, Furthermore, i no way
shounld the following examples be read to limit, or define, the scope of the disclosure.

Certain embodiments according to the present disclosure may be divected 1o systems
and methods for pressure communication within a hydro-preumatic eylinder.  The hydro-
paeamatic eylinder generally includes a rod, a baree) coasial to the rod, and a piston assembly
disposed within the barrel and conngcted 1o the rod. The barel is hollow to define a fuid
chamber, and the piston assembly is axially movable within the fluid chamber to stroke the rod
relative to the barrel.  The disclosed bydro-pneumatic oylinder includes a flow path formed
axially through the rod of the cylinder. "This flow path allows for pressure communication
between a low<pressare side of the eylinder and a pressure energized lower pin located at a distal
end of the rod. The evlinder may lnchide a pilot disposad i the flow path through the rod that
selectively enables or prevents pressure cornmunieation from the low-pressare side to the Jower
pin. The lower pin may be actuated via this pressure communication to secure the end of the
eylinder 1o a tension ring ow a viser. 'This actuation of the pin and securing of the cylinder to the
tension ring may be accomplished without the help of rig personnel on a lower deck positioned
wear the tension ring. As auch, the disclosed eylinder sllows for attachment of the cylinder to a
tension ring without any lower deck on the Hoating platform.

The disclosed systens and methods also allow for the eylinder to be remwoved from the
tension ring without requiring vig personnel on a lower deck of the floating platform,  Instead,
gotuation of the systens so that the preumatic cylinder detaches frow the tension ring is injtiated
and controlied from an upper location on the cylinder,

it some embodiments, the hydro-pneumatic cvlinder includes a shutile disposed in the
flow path through the rod, the shoitle being adjacent the pilot. The shuttle s configred to
enabie a low-pressure side to high-pressure side anmgdus bypass via the flow path when floid on
the low-pressure side is pressurized above the prossure on the highe-pressure side,  Specifically,
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movenient of the shottle in response to pressurized flaid on the low-pressare side of the Huid
chamber canses the shuttle to open a third port extending between the rod flow path and an
annular chamber in the piston assembly. As pressurized fluid is input to the system from the
low-pressure side of the fluid chamber, the fluid passes from the low-pressure side through the
flow path and the port to the annular chamber, where it displaces old hydrachic thid that was
previously present in the annular chamber. Therefore, the disclesed systems and methods allow
for flushing of hydrautic fluid from the awmlar chamber of the hydro-pneumatic eylinder from
an apper end of the cylinder so that an operator does not need to stand on a lower service deck to
service the cylinder.

As sueh, the diselosed embodiments allow for hydro-pueumatic eylinder installation and
maintenance access points to be entirely located at the production deck elevation, where previous
exisiing systems required lower deck access proximate the tension ring.  The disclosed
embodiments serve 1o decrease mstallation and ssaintenavee time, improve efficiency, and
reduce customer cost.

Turning now 1o the drawings, FIG. T illusteates an offshorg environment 100 in which
the disclosed hydro-pneumatic eylinders may be used. The offshore environment 100 generally
includes a floating platform 102 with a main production deck 104, a riser 100, a tension ring 108,
and a tensioner 110, The tenstoner 110 comprisgs a plusality of hydro-pneumatic cylinders 112,
The riser 106 is directed through the platform 102, and the tension ring 108 is coupled to the
riser 106, The tension ring 108 may include a retention device 113, The eylinders 112 dhat
make ap the tensioner 110 are coupled fo the platform 102, Fach eylinder 112 may include a
retractable rod 116 that may be selectively extended from or retracted into a barrel 118 of the
cylinder 112, Each cylinder 112 may further include a top pin connection 120 at a proximal end
122 theroof proximate to the platform 102 and a bottom pin conngetion 124 at o distal end 114
thereof proximate to the teasion ring 108, The fop pin connection 120 may be used to couple the
cylinder 112 to the platform 102 with the cylingder 112 rotatable around the top pin conpection
120, In certain inplementations, the retention device 113 may include a downward facing hook
that engages the portions of the boittom pinn connection 124 extending from the vod 116 of the
cylinder 112,

The hydro-pucumatic eyvlinders 112 each include features that enable easy instaliation
angl maintonance of the tensiongr 110 thronghout the life of the well. For examiple, the hydro-
peumatic eylinders 112 are designed to enable securs connsction of the distal end 114 of gach
eylinder 112 to the tonsion ring 108 withou! requiving vig personnel standing on a lower deck

o
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proximate the tension ring 108, The distal end 114 of the eylinder 112 may be secured to the
tension ring 108 via an actuable component located at the distal ¢nd 114, Even though the
actuable component is located at the distal end 114, the cylinder 112 enables rig personnel 10
actuate the actuable component from a location on the main production deck 104, In the event
that removal of a particular hydro-pucumatic evlinder 112 is required, the eylinder 112 allows rig
personuel on the main production deck 104 to initiate a disconnection of the eylinder 112 from
the tension ring 108 as well. In addition, the cylinder allows for replacement of high pressure
hiydraulic fluid within an annular chamber ju the eylinder from the production deck 104 while the
¢ylinder remains connected to the platform 102 and fo the tension ring 108,

As such, the disclosed hydro-pneumatic eylinders 112 alleviate the need for fabrication
of a lower cellar deck on the floating platform for tensioner installation, maintenance, and
replacerent, Instead, all such operations are performed at the production deck level (104). The
hydro-ppeamatic eylinders 112 will now be deseribed i greater detail,

FIG, 2 illastrates a hydro-paeumatic cylinder 112 in accordance with an embodiment of
the present disclosere. The cylinder 112 inchudes the barrel 118 with the rod 116 extending
theretfrom, the top pio conneciion 120, which formg one end of the cylinder bamrel 118, the
bottom pin connection 124 at the distal end 114 of the rod 116, and a eylinder end cap 210,
which defines an opposite end of the ¢ylinder barrel 118 fromw which the rod 116 extends, The
eylinder 112 may also include one or more external accumulators 212 used (o store additional
gas media for the eylinder 112, The external accwmulators 212 may include one or more bigh-
pressure acoumulators, one or more fow-pressure aceumulators, or both.  Any external high-
pressure acowmulaiors are communizatively coupled to a high~-pressure side of the cylinder 112,
while any external low-pressure acenroulators are communicatively coupled 1o a low-pressare
side of the eylinder 112, The high and low-pressure sides of the oylinder 112 are described in
greater detail below. I will be understood by one of ordinary skill in the art that the esternal
accuniulators 212 are attached to the appropriate side of the evlinder 112 via ong or more
wanifolds 214 that commuonigate pressure frony the relevant external accumulator(s) to the
cylinder 112, The gas media within these external sccumulators 212 may inclade nitrogen gas,
compressed glr, or any other suitable gas media known 1o ong of ordinary skifl in the art.

A cutaway portion of the cylinder barrel 118 shows a piston assembly 216 disposed
within a fluid chasuber 218, The fluid chamber 218 is defined by the cylinder barrel 118, The
piston assembly 216 is comnected fo the eylinder rod 116 and is axially movable within the fluid
chamber 218 o stroke the rod 116 relutive to the baweel 118,
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The fluid chamber 218 {and any connected external accunulatorsy on one side ot the
piston assembly 216 contains hydravlic fluid and/or nitrogen gas at a relatively lower prossure,
while the fluid chamber 218 (and any connected external accunulators) ou the opposite side of
the piston assesubly 216 containg hydrautic fluld and/or nitrogen gas at a relatively higher
pressure, These portions of the fluid chamber 218 on opposite sides of the piston assembly 216
are generally referred 1o as the low-pressure side 220 and the high-pressure side 222 of the fluid
chamber 218 To stroke the rod 116 out further from the barrel 118, additional pressure is
applied io the Jow-pressure side 220 of the eylinder 113,

FIG. 3 provides a more detailed view of internal components within the baresl 118 of
the disclosed eylinder 112, FIG. 3 illustrates the oylinder barrel 118 with the piston assembly
216 disposed therein and coupled to the eylinder rod 116, the bigh-pressure side 222 of the fluid
chamber 218, and the low-pressure side 220 of the fluid chamber 218, The piston assembly 216,
as illustrated, roay include an annular fluid reservoir (or “anuilar chamber™) 310 formed therein.
The annular chamber 310 s in fluid communication with the high-pressure side 222 of the main
fluid chamber 218, For example, the piston assembly 216 may inelude a fluid overflow passage
312 extending from the high-pressure side 222 fo an upper portion of the annular chamber 310.
This flaid overflow passage 312 may provide pressure conununication betwees the high-pressure
side 222 and the annular chamber 31 to maintaip hydraulic fluid in the aanular chamber 310 at
a sufficiently high pressure. When replacement of the hydraulic fluid in the annslar chamber
310 is required, the overflow passage 312 enables old hydraulic fluid within the annular chamber
310 to be flushed out of the annular charnber 310 and into the bottom of the eylinder barrel 118
o the bigh-pressure stde 222,

As illustrated, the piston assembly 216 may inelude a piston body 314 with a hollowed
out portion to forn the ammular chamber 310, a piston end cap 316 to seal the hydraulic fluid
within the annular chamber 310, and the overflow passage 312 extending through o portion of
the piston end cap 316. However, it should be noted that other arrasgensents or constructions of
the piston assemibly 216 may be possible in other embodiments. The piston asserably 216 1s
securely connected to the eylinder rod 116, Seals (e.g., ovings) are disposed between a radially
exterior surface of the rod 116 and a radisly imterior surfiice of the piston assembly 216 to
fluidically seal the rod/piston interface.

The cylinder 112 may clude g dynamic sealing wrasgouent 318 located at an
interface between a radially exterior wall of the piston assembly 216 aud a vadially interior wall
of the eylinder barrel 118, This dywamic sealing arrangement 318 may Huidically seal thiy
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piston/bareel interface while enabling the piston assembly 216 to move axially relative to the
barrel 118,  Although not shown, the piston assembly 216 may include a small port 319
extending therethrongh from the anular chamber 310 to the dynamic sealing arrangerent 318,
This port provides hydraulic fluid stored in the annular chamber 310 to the dynamic sealing
arrangement 318 as the eylinder is stroked during use.  As such, the annular chamber 310
enables the piston asserably 216 to hold high-pressure hydraulic thid ased to jubricate the
dynamic sealing arrangement 318, This makes the cylinder 112 relatively low profile (low
volume).

The eylinder 112 also includes a flow path 320 formed axially through the eylinder rod
116, as itlustrated.  The flow path 320 may emable communication of pressure from the low-
pressure side 220 to an actuable component (not showi) located at the distal end (114 of FIG, 2)
of the eylinder 112, The flow path 320 way to be used to communicate pressure from the low-
pressure side 220 of the cylinder to actuate the actuable component to secure the distal end 114
of the eylinder 112 to the tension ving (e.g., 108 of FIG. 1), An embodiment of the actuable
component and its operation with respect to the tension ring will be described in detail below, In
goneral, the actuable component may be any component designed (o secure the distal end 114 of
the cylinder 112 to a corresponding refention feature on the tension ring and maintain the
connection as long as a positive pressure s applied to the actuable component.

The eylinder 112 may further include a pilot valve {or “pitot”) 324 located within the
flow path 320 in the rod 116, The pilot 324 regulates pressure consmunication throagh the flow
path 320, That is, the pilot 324 selectively allows or prevents pressure communigation from ihe
flow path 320 on one side of the pilot 324 to the fow path 320 on an opposite side of the pilot
324 depending on ap axial position of the pilot 324 within the flow path 320. The piot 324 s
axially movable within the flow path 320 to open or closs a port 326 linking the flow path 320
on one side of the pilot 324 to the flow path 320 on the other side of the pilot 324, A biasing
mechanism (2.8, spring 328) may bias the pilot 324 in a particalar divection {e.¢. downward in
the present smbodiment) to maintain the port 326 in a closed position until an achuating pressure
is apphied to the pilot 324,

The eylinder 112 inchades a port 330 extending from the anmular chamber 310 in the
piston assambly 216 1o the pilot 324, In the Hustrated embodiments, this port 330 is formed
throagh the body 314 of the piston assembly 216 and throngh the rod 116, The port 330
provides pressure commumication between the annular chamber 10 and @ lower end of the pilot
324, g5 shown, A biasing mechmism {o.g., spring 328) may blas the pilot 324 in a direction
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toward this lower end to maintain the port 326 thwough the rod 116 closed until an setuating
pressure is applied to the pilot 324, When pressure is jucreased on the high-pressure side 222 of
the eylinder 112, the increased pressure is communicated theough the overflow passags 312, the
annular chamber 310, and the port 330 to the fower side of the pilot 324, The increased pressure
forges the pilot 324 apward to open the port 326 between the flow path 320 on one side of the
pilot 324 and the flow path 320 on the other side of the pilot 324,

In addition to the pilot 324, the cylinder 112 may include a shuttle valve (or “shuttle”™)
332 tocated within the flow path 320 in the rod 116, The shuttle 332 regulates fluid flow through
a bypass between the low-pressure side 220 and the anoular chaaber 310, That s, the shuitle
332 selectively allows or prevents pressure and {luid eommunication from a portion of the flow
path 320 that is open to the low-pressure side 220 to the anpular chamber 310, depending on an
axial position of the shuttle 332 within the flow path 320, The shuitle 332 iy axially movable
within the flow path 320 o open or close a port 334 linking the low-pressure side of the flow
path 320 to the annular chamber 310, As lustrated herein, the port 334 may generally link the
flow path 320 directly to the port 330, which provides the altimate connection to the annular
chamber 310. However, in other embodiments the port 334 may be entirely separate from the
port 338,

A biasing mechanism (g3, spring 328) may bias the shuttle 332 ju a particular divection
{e.g., upward in the present embodiment) to maintain the port 334 through the rod 116 closed
witi an actuating pressure is applied to the shuttle 332, As illustrated, a single spring 328 (or
other biasing mechanism) may be niilized to bias both the pilot 324 and the shuoitle 332 in desired
directions within the rod flow path 320. In other embodiments, however, a different blasing
mecharism may be utilized for each of the pilot 324 aud the shuttle 332

Actuation of the shuttle 332 to open the port 334 is accomplished by increasing pressure

on the low~-pressure side 220 50 that it exeeeds the pressure of nitrogen gas on the high-pressure

2. This actuation may be performed when the hydrautie fhad within the annutar chamber
310 is 1o be replaced. In such instances, new hydranlic fluid is nput 1o the fow-pressure side 220
at a pressure higher than the high-pressure side 222, This forces the shuitle 332 downward to
expuse the port 334, which enables the new hydraulic fluid to flow into the anuular chamber 316,
displacing the old hydraulic fluid. These and other operations will be deseribed jo greater detail
helow.

Previous eylinder designs with an anvular chamber in the piston assembly generally
included an access port lovated on the lower eylinder rod extension to conununicate fhid to the
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anpular chamber, This required intermittent (e.g., annual) access at u lower cellar deck level to
perform bydraulie floid service on the annular chamber. In the disclosed embodiments, the
shuitle 332 ¢pables high pressure fluid in the annular chamber 310 to be refilled from the top
side of the cylinder 112 (a5 opposed to a lower distal end 114}, by cireulating fresh fluid from the
low-pressure side 220 of the eylinder 112, Thus, the disclosed cylinder 112 allows for hydrantic
fluid maintenance without a lower deck on the fleating platform.

In FIG. 3, the cylinder 112 is ju a “nominal” cylinder configuration. o this
coufiguration, the internal components of the cylinder 112 ave those of the eylinder 112 onge it s
connected 1o the tension ring 108 and being used to provide tension to the connected viser as
peeded in response o movement of the floating platform. In this nominal position, the pitot 324
is it an actoated position such that the port 326 is open. The shuttle 332, meanwhile, is in an un-
actuated position such that the port 334 1y closed. The pilot 324 and shuttle 332 are maintained
n these states vig pressure from the high-pressare side 222 communicated to the pilot 324 via
the port 330 and via the spring 328, respectively.

FIG. 4 illustreates the distal end 114 of the hydro-pneumatic eylinder 112, which
includes the aforementioned actuable component 408, when the eylinder 112 is in the nominal
configuration. As illustrated, the flow path 320 through the rod 116 extends all the way through
the rod down io the distal end 114, Pressure iz conumunicated through the fow path 320 at
desired times to actuate the actuable component408.

The actuable component 408 in this embodiment is a conmector pin 410, The connector
pin 410 is at least partially disposed within a fluid chamber 412 at the distal end 114 of the
eylinder 112, The pin 410 generally functions as a piston. The pin 410 is movable refative to the
chamber 412 in response to pressure changes within the chamber 412, A ring 414 keeps the pin
410 from being pushed entirely out of the chamber 412, and g spring blases the pin 410 i the
direction of the flow path 320, There are fhidie seals at the juterface of the pin 418 and the
internal walls of the chamber 412, The chamber 412 is fluidly conngeted to the Sow path 320
via a radial port 416, so that pressure compuuuication through the flow path 320 will enter the
chamber 412 and press outwardly on the pin 410

In response to nereased pressere in the chamber 412, the pin 410 will be moved so that
it extends cutward from the body of the distal end 14 having the chamber 412, In this extended
position, the pin 410 may secnre the distal end 114 of the eylinder 112 1o a retention device on a
tension ring. In FIG. 4, the pin 410 is shown in this extended position,

FIG. § provides another Hlustration of the disclossd eylinder HI2 in the nominad
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position. In FIG. 5, the cylinder 112 is Hlostrated such that the ports 330, 326, and 334 as well as
the overflow passage 312 are present in the same oross section. It should be nnderstood that not
all of these flow paths need to be present within the same oross section.  For example, as
illustrated in FIG. 3, the port 330 and overflow passage 312 may be located at different positions
about the circumierence of a longiiudinal axis of the eylinder 112, Additionally, the ports 326
and 334, in some embodiments, may be located at different positions from the port 330 about the
circumierence ofithe longitndival axis of the oylinder 112

FIG. 6 shows the distal end 114 of the evlinder 112 comnected to the tension ring 108,
In the illustrated embodiment, the distal end 114 of the cylinder 112 is secured fo the tension ring
108 via the actuable corponent (pin 410) interacting with the retention device 113 on the tension
ring 108, The retention device 113 may inelude a U~shaped bracket into which the distal end
114 of the cylinder 112 is meceived during installation of the cylinder 112, During installation,
the eylinder 112 {already connecied to the floating platforni) is swung and/or stroked into a
position within the bracket,  The bracket may include two hook-shaped arms 610 facing

downward. Protrusions 612 on each side of the distal end 114 are recetved o these hook-

shaped arms 610 during installation.  The distal end 114 may also include an elastomeric

spherical bearing 614 to acconmodate angular offset and to self-centralize the distal end 114
within the hook-shaped arms 610 during installation. The hook-shaped am 610 meay include an
annular plate 616 on one side, and this annular plate 616 is designed to reeeive the extended pin
410, During installation, the distal end 114 is swuong Juto place and received betwern the hook-
shaped arms 610 of the bracket, and owce in place the pin 410 is actuated into engagement with
the annular plate 616.

Although shown as just one pin 410 that is extendable nto a space formed by the
annular plate 516 o ove side of the bracket, it should be noted that a second pin 410 may be
present within the distal end 114 of the cylinder 112 as well, The second pin 410 may be on an
opposite side of the bottom pin conneetion 124 from the Wustrated pio 410 and may be similarly
connected to the flow path 320 so that pressure through the flow path 320 actuates both pins 410
at the same time. Both hook-shaped avms 610 of the bracket may ineluds anpular plates 616 inlo
which the two pins 410 of the eylinder 112 are actnated via pressure through the flow path 320,

The pin 410 as ustrated s in an coergized position. The piston portion of the pin 410
is energized via low-pressare secarement to the tenaion ring 108, That is, the distal end 114 of
the cylinder 112 rocelves pressure from the low-pressure side 220 of the cylinder 12 to energize
the pin 4160
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The distal end 114 cannot be swung into place and received between the hook-shaped
arms 610 of the bracket while the pin 410 is extended from the distal end 114 The pin 410 1
only extended into position within the anmular plate(s) 616 after the distal end 114 has been
received into the hoobk-shaped arms 610, Once the distal end 114 Is received into the hook-
shaped arms 614, pressure within the chamber 412 behind the pin 410 will push the pin 410
outward into the annular plate 616 to secure the distal end 114 to the tension ring 108,

As discussed above, the cylinder 112 uses the pilot 324 fo allow or bloek low pressure
flow down the rod 116 1o acteate the pin 410 depending on whether the cylinder’s high-pressure
side 222 is energized, That way, actuation of the pin 410 can be accomplished gutirely from the

top side of the tensioner, not from the bottom of the vod 116 adjacent the tension ring 108, As

such, the operation of actusting the pin 410 to secure the cylinder to the tensioner ring 108 can

be accomplished without rig personnel on a fower deck.

Having now described the gencral layout of components within the disclosed eylinder
112, a description of various modes of operation of the eylinder 112 will now be provided.
FIGK. 7, 8, 9, 10 illustrate the cylinder 1172 being operated to altach the eylinder 112 tfo the
tension ring 108, The illustrations of FIGS, 7, 8, 9, 10 show both the internal components within
the cylinder barrel 118 as well ay the componsnts Jocated within the distal end 114 of the
eylinder 112 at different times during the process of attaching the cylinder 112 to the tension ring
108. In general, to attach the cylinder 112 1o the tension ring 108, fivst the high-pressure side
227 is energized, and then the Jow-pressure side 220 communicates low pressure through the rod
116 to actuate the pin 410 at the distal end 114, This process is generally used during installation
of the cylinder 112,

FIG. 7 shows the oylinder 112 ip a free hanging position.  That is, the inlgenal
components of the cylinder 112 are those of a free hanging cylinder 112 before actuation of a
lower connection pin and without recirculgting fuid through the anoular chamber 310, 1o this
free banging position, both the pilot 324 and the shuttle 332 are in un-actuated positions such
that the port 326 and the port 334 are closed. The pilot 324 and shuttle 332 ave maintained in
these wn-actuated posttions via their biasing mechanism(s). For example, o the dlusirated
embaodiment, the pilot 324 and shattle 332 ave kept in position via the spring 328,

At this point, the cylinder 112 may be stroked ont by applying pressure to the low-
pressuve side 220 withowt engaging the lower pin 410, FIG, 8 shows the oylinder 112 with the
low-pressure side being pressured up (B10) to sivoke the cylingder 112 such that the rod 116 i
extonded outward from the bmvel 118 toa position beyoud where 1t is nected to conngot to the
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reiention device on the lension ving. At this point, a separate positioning mechanism (wot shown)

may be utilized to tili the cylinder 112 to a desived position relative 1o the floating platfonm such

that the cylinder 112 can be received into the retention device of the tension ring. The high-

pressure side 222 may then be activated fo pull the extended rod 116 upward and into
engagement with the retention device, as shown in FIG. 9.

PIG. 9 shows the cylinder 112 with the high-pressure side 222 being engrgized via high
pressure nitrogen gas (910). In addition to providing a pulling foree 1o position the distal end
114 of the cyvlinder 112 within ihe retention device, the high pressure travels through the
overflow passage 312 into the annufar chamber 310 and through port 330 to the pilot 324, This
forces the pilot 324 upward and compresses the spring 328. 'The pilot 324 shifting upward opens
the port 326, thereby allowing pressure communication (1010) through the flow path 320 in the
vod 116, as shown in FIG. 10, This provides pressure comraunication (1010} fom the low-
pressure side 220 to the chamber 412 to actuate the pin 410 into the extended position atl the
distal end 114 of the cylinder 112, As illustrated W FIG. 14, the pin 410 is ensrgized into
engagement with the aonular plate 616 of the tension ring 108, thereby securing the distal end
114 of the eylinder 112 to the tension ving 108, The eylinder 112 is now in the nominal
counfigaration. As long as the increased pressure {310} 1s maintained on the high-pressare side
222, the pin 410 will remain in position to keep the cylindee 112 securely atlached to the fension
ring 1OR in this pominal position.

FIGS. 11, 12, 13 iliustrate the oylinder 112 being operated to remove the cylinder 112
from the tension ring 108, The illustrations of FIGS. 11 12, 13 show both the inlemal
conponents within the cylinder barrel 118 as well as the components located within the distal
end 114 of the cylinder 112 at different thoes during the process of detaching the oylinder 112
from the tension ring 108, In general, to detach the cylinder 112 frora the tension ving 108, fiest
the jow-pressure side 220 is bled off] and then the high-pressure sids 222 is bled off 50 that low
pressure can be applied © the low-pressare side 220 again without actoating the pin 410, This
provess is gensrally nsed during disconnection and replacement of the cylinder 112.

The eylinder 112 begins in the nominal position discussed above, FIG, 11 shows the
cylinder 112 with pressure being bled off from the low-pressure side 220, The reduction of
pressure commmunicated througl the How path 320w the tower pin 410 causes the pin 410 {6 be
disengaged from the retention device 113 of the fension ring 108, That is, the pin 410 {5 o
fonger engaged with the annulsr plae(s) 616 of the tension ving 108, Fi 12 sbows the high
presaure from the high-pressure side 222 being bled off, thereby redusing the pressure sent io the
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pilot 324 via the port 326, As a result, the pilot 324 is forced downward by the spring 328 Lo
close the port 330, thereby blocking pressure flow through the flow path 320 botween the low-
pressure side 220 and the pin 410 at the distal end 114, Bleeding off the high-pressure side also
releases tension from the cylinder 112 to detach the eylinder 112 from the tension ring 108, The
low~pressure side 220 may then be pressured up, as shown in FIG. 13, to stroke oul the eylinder
rod 116 without engaging the lower pin 410.

PIGS, 14 and 15 illustrate the eylinder 112 being operated to perform a high pressure
fluid fushicireulation of fluid into the aspular chamber 310 of the piston assembly 216. This
may be performed at regnlar intervals (e.g., annually) as pecessary to maintain the proper
fubrication of the dynamic sealing arrangement 318 of the cylinder 112, The illustrations of
FIGS, 14 and 15 show both the internal components within the eylinder barrel 118 as well as the
componenis located within the distal end 114 of the cylinder 112 at different tires during the
process of Hushing the high pressure fluid within the annolar chantber 310, As ilhusteated, this
process may be entirely performed while the eylinder 112 iy sceurely attached to the tension ring
108 via the pin 410 at the distal end 114, In general, 1o perform the fluid flush, first the high-
pressure side 222 is energized, and then the low-pressure side 220 is brosght up to 8 pressare
that is higher than the highepresswre side 222 to flush disty hydraulic fluid from the annular
chamber 310,

The oylinder 112 begins in the nominal position discussed above.  In the nominal
position, the Jow-presswre side 220 may be held at a fiest relatively low pressure (e.g.,
approximately 3¢ psi), while the high-pressure side 222 may be held at a second higher pressure
{e.g., approximately 500 psi). FIG, 14 shows fresh hydeanlic fhud (1410) being added to the
cylinder 112 on the low-pressure side 220, The pressure on the low-pressure side 220 is then
increased to match the pressure of the high-pressare side 2220 As the low-pressare side 220 and
high-pressure side 222 are pressure cgualized, the shutile 332 moves downward against the
restoring force of the spring 328, This movement of the shuttle 332 i3 shown in FIG, 15, The

movement of the shuttle 332 cxposes the port 334 to the annulus bypass, thereby allowing

commamication betwesn the Jow-pressure side 220 and the high-pressure side 222 via the port
326, annalar chamber 310, and overllow passage 312, The spring 32§ is stved to provide a range
of acceptable fuid service pressures (e.g., 330-650 psi on the low-pressure side 220). The
pressure on the low-pressere side 220 may be increased {2.g., 0 approximately 650 psi) gbove
that of the bigh-pressuare side 222 and then held antil the bydraulic Heid (1410) from the low-
pressure side 220 s forced into the high pressure fluid cavity, Old hydvaolic fhad (51 fom
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the annular chamber 310 is forced out through the overflow passage 312 and info a waste fluid
cireuit at the bottom of the eylinder bareel 118,

All three fumctions described above with reference to FIGE. 7, 8 9, 10 (attachment to
tension ring 108), FIGR. 11, 12, 13 {removal [rom tension ring 108}, and FIGS. 14 and 15 (fluid
flush of hydraolic fluid) may be performed on the cylinder 2 without needing external access
fo & Jower portion (Le., the distal end 114) of the oylinder 112, As such, the disclosed eylinder
112 enables hands free attachment and detachment of the eylinder 112 relative to the tension ring
108 and fluid maintenance within the internal fhaid veservoir 310 without the need for a lower
cellar deck on the floating platform.  Fluid access for control of gach of these processes is
available entirely from the main production deck on the floating platfornt, As sach, the cylinder
112 provides an improvement over previously existing tensioner cylinders that were more
difficult to install, remove, and service bocauss of the Hmited access via g lower deck., The
eylinder 112 can also be nsed with a less costly oating platform having only a main production
duck.

Although the present disclosure and its advantages have been deseribed in detail, it
should be undersicod that various changes, substitutions and alterations can be made hercin

without departing from the spirit and scope of the disclosure as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A system, comprising:

a cylinder comprising a rod, a barrel coaxial to the rod, and a piston assembly
disposed within the barrel and connected to the rod, wherein the barrel is hollow to
define a chamber, and wherein the piston assembly is axially movable within the
chamber to stroke the rod relative to the barrel;

an actuable component separate from the barrel and the piston, the actuable
component located at a distal end of the rod extending away from the barrel; and

a flow path formed axially through the rod, wherein the flow path is in fluid
communication with the chamber on a first side of the piston assembly, and wherein the

flow path extends to the actuable component located at the distal end of the rod.

2. The system of claim 1, further comprising an annular volume located within the
piston assembly and in fluid communication with the chamber on a second side of the

piston assembly opposite the first side.

3. The system of claim 2, further comprising:

a pilot disposed within the flow path, wherein movement of the pilot selectively
opens or closes a first port between the flow path on one side of the pilot and the flow
path on an opposite side of the pilot; and

a second port extending from the annular volume to the pilot.

4. The system of claim 3, further comprising:
a shuttle disposed within the flow path, wherein movement of the shuttle
selectively opens or closes a third port between the annular volume and the chamber on

the first side of the piston assembly.

5. The system of claim 1, wherein the actuable component is a tension ring

connector configured to secure the distal end of the rod to a tension ring on a riser.
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6. The system of claim 5, wherein the tension ring connector comprises a fluid
chamber communicatively coupled to the flow path and a pin partially held within the
fluid chamber and configured to extend from the fluid chamber and interface with a

tension ring upon actuation of the tension ring connector.

7. A system, comprising:

a cylinder comprising a rod, a barrel coaxial to the rod, and a piston assembly
disposed within the barrel and connected to the rod, wherein the barrel is hollow to
define a chamber, and wherein the piston assembly is axially movable within the
chamber to stroke the rod relative to the barrel;

a flow path formed axially through the rod, wherein the flow path is in fluid
communication with the chamber on a first side of the piston assembly;

an annular volume located within the piston assembly and in fluid
communication with the chamber on a second side of the piston assembly opposite the
first side;

a pilot disposed within the flow path, wherein movement of the pilot selectively
opens or closes a first port between the flow path on one side of the pilot and the flow

path on an opposite side of the pilot.
8. The system of claim 7, further comprising an actuable component located at a
distal end of the rod extending away from the barrel, wherein the flow path extends to

the actuable component.

9. The system of claim 8, wherein the actuable component is a tension ring

connector configured to secure the distal end of the rod to a tension ring on a riser.

10. The system of claim 9, wherein the tension ring connector comprises a fluid

chamber communicatively coupled to the flow path and a pin partially held within the
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fluid chamber and configured to extend from the fluid chamber and interface with a

tension ring upon actuation of the tension ring connector.

11. The system of claim 7, further comprising: a second port extending from the
annular volume to the pilot; and a shuttle disposed within the flow path, wherein
movement of the shuttle selectively opens or closes a third port between the annular

volume and the chamber on the first side of the piston assembly.

12. The system of claim 11, further comprising a spring disposed within the flow
path, wherein the spring is disposed between the pilot on one side and the shuttle on an

opposite side.

13. A method, comprising:

connecting a proximal end of a cylinder to a floating platform, the cylinder
comprising a rod, a barrel coaxial to the rod, and a piston assembly disposed within the
barrel and connected to the rod, wherein the barrel is hollow to define a chamber, and
wherein the rod has an axial flow path formed therethrough;

positioning a distal end of the rod extending from the barrel within a retention
device of a tension ring coupled to a riser;

actuating a pilot disposed within the flow path to open a first port between the
flow path on one side of the pilot and the flow path on an opposite side of the pilot; and

actuating a tension ring connector disposed at the distal end of the rod via
pressurization from the flow path to secure the distal end of the rod to the retention

device.
14. The method of claim 13, further comprising increasing pressure within the

chamber on a first side of the piston assembly to move the rod such that the distal end of

the rod is positioned in the retention device.
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15. The method of claim 14, wherein increasing the pressure within the chamber on
the first side of the piston assembly also actuates the pilot disposed within the flow path

to open the first port.

16. The method of claim 14, wherein actuating the tension ring connector disposed
at the distal end of the rod comprises increasing pressure within the chamber on a
second side of the piston assembly opposite the first side, wherein the flow path is in

fluid communication with the second side of the chamber.

17. The method of claim 13, wherein an annular volume is located within the piston
assembly, wherein the annular volume is in fluid communication with a first side of the
piston assembly, and wherein actuating the pilot comprises communicating pressurized
fluid from the annular volume to a second port leading from the annular volume to the
pilot in response to pressurization within the chamber on the first side of the piston

assembly.

18. The method of claim 13, further comprising:

releasing the pin from the retention device by bleeding pressure from the flow
path while the first port is open;

removing the distal end of the rod from the retention device;

releasing the pilot to close the first port; and

disconnecting the cylinder from the floating platform.

19. The method of claim 13, further comprising:

inputting fluid into the chamber on a first side of the piston assembly, wherein a
shuttle is disposed within the flow path, and wherein an annular volume is located
within the piston assembly and is in fluid communication with the chamber on a second
side of the piston assembly;

maintaining the first port in an open position via the pilot, wherein a second port

extends between the annular volume and the pilot;
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forcing the shuttle to move via increasing pressure of the input fluid on the first
side of the piston assembly to open a third port between the flow path and the annular
volume; and

circulating the input fluid through the chamber on the first side of the piston
assembly, the flow path, and the annular volume to flush old fluid out of the annular

volume while the first, second, and third ports are open.

20. The method of claim 19, further comprising circulating the input fluid through
the chamber on the first side of the piston assembly, the flow path, and the annular

volume while the distal end of the rod remains secured to the retention device.
21. The method of claim 19, wherein access to the first side of the piston assembly

for inputting the fluid is available from a production deck proximate an upper end of the

cylinder.
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