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FIGURE 7

barrel coaxial to the rod, and a piston assembly disposed within the barrel and connected
"0 to the rod. The barrel is hollow to define a chamber, and the piston assembly is axially
movable within the chamber to stroke the rod relative to the barrel. The hydro-pneumat-
" ic cylinder includes: a flow path formed axially through the rod of the cylinder. This
e flow path may allow for pressure communication between a low-pressure side of the
=t cylinder and a pressure energized lower pin located at a distal end of the rod. The lower
pin may be actuated, via this pressure communication to secure the end of the cylinder

to a tension ring on a riser.
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BYDRO-PNEUMATIC CYLINDER WITH ANNULUS FLUIR BYPASS

Cross-Reference to Related Applications

The preseni application claims priosity to U.S. Frovisional Application Serial Ne.

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

TECHNICAL FIELI
The present disclosure relates gemerally 1o pulbup viser tensioner systems used on
offshore floating production and drilling platforms and, more particularly, 1o a hydro-pneumatic

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

BACKGROUND

Offshore production platforms ave often used when performing offshore sublerranean
operations, Sach offshore platforms must typically support a riser that extends fror the plattorm
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
floating platforms such as tensioner leg plattorms or semi-subiersible platforms, supporting the
risers may prove challenging. Specifically, a floating platformy may move up and down or suay
he displaced horizontally due to oscillations from waves and currents, It is desirable to maintain
a predetenmined tension on the riser despite the platforn oscillations.  Accordingly, tensioners
are otten ntilized io maintain a desired tension on the riser as the platform oscillates.

A typical pull-up riser tensioner system may include multiple tensioner cylinders, which
may be hydro-pueumatic cylinders, A lower distal end of the tensioner cylinders way be
coupled to a threaded tension ring disposed on a riser. As used herein, the term “risee”™ may refer
1o both production and drilling visers. The opposite, top distal end of the tensioner cylinders s
coupled 1o the platform.  The tensioner cylinders serve 10 maintain a substantially constant
tension ou the riser as the floating platform moves vertically or horizontally due to wind, waves,
and other natural events. The tensioner eylinders serve as the conpection between the tension
ring on the riser and the floating platforn.

The tensioner ovlinders are usoally Tostalled on the platform prior to running the riser,
Accordingly, one of the final steps Jo vumping the riser 18 1o couple the riser to the tensioner
cylinders and wransfor the riser weight bom the rig to the tensiboers. Carrent approaches for

coupling the tepsioner eylinders to the tension ring ofien require rig persomel 1o manually make
i
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the connection. Floating platforms are typically equipped with a lower deck to accommodate rig

personnel performing various service on the tensioner oylinders, including making the
. s . B &

connections to the tension ring, malutaining the cylinders, and removing/replacing cylinders as
needed throughout operation. 1t is now recognized that a more efficient approach is needed for
performing service on pull-up tensioner cylinders, for example, that does not require a lower

deck on the floating platioom,

S
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BRIEF DESCRIFTION OF THE DRAWINGS

For a more complete understanding of the prosent disclosnre and its features and
advantages, reference is now made 1o the following description, taken in conjunction with the
accompanying drawings, in which:

FIG T is a front view of a floating platform with a pull-up tensioner system coupled to a
riger, in accordance with an embodiment of the present disclosure;

FIG. 2 is a perspective partial cufaway view of a hydro~pneumatic eylinder 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 disclosure;

FIG. 4 i3 8 perspective partial cutaway view eof g distal end of the hydro-pneumatic
evlinder of FIG, 2 g nominal eylinder coudition, in accordance with an embodiment of the
present disclosure;

FIG. 5 is a cutaway view of a portion of the hydio-preumatic cylinder of FIG. 2 na
nominal cylinder condition where the cylinder is being atlached to a tension ring, in accordance
with an embodiment of the present disclosure;

FIG. 6 iy a perspective partial cataway view of the distal end of the hydro-pneumatic
eviinder of FIG. 2 in an gnergized position where it is atiached to a teusion ring, i accordance
with an embodiment of the present disclosure;

FIGS. 7. 8, 9, 10 ave cutaway views of portions of the hydro-poeamatic eylinder of FIG.
2 during a process of the hydro-pneumatic cylinder coupecting fo a tension ning, in accordance
with an embodiment of the present disclosure;

FIGR, 11, 12, 13 are cutaway views of postions of the hydro-pneumatic eylinder of FI(G,
2 during a process of the hydro-pnemmatic eylinder disconnecting froms a teossion ring, in
accordance with an embodiment of the present disclosure; and

FIGS, 14 and 15 ave culaway views of portions of the hydro-pnenmatic cylinder of FIG,
2 during a process of performing a fluid Hush theough the bydro-preumatic cylinder, in

acuordance with an embodiment of the preseat disclosure.
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DETAILED DESCRIPTION

{Hustrative embodiments of the present disclosure are deseribed in detail heveln. o the
inlerest of clarity, not all features of an actual implementation are described in this specification.
ftowill of course be appreciated that in the development of any such actual embodiment,
numerous implementation speeific decisions must be mwade to achieve developers” specific goals,
sueh as compliance with systesm related and business-related constraints, which will vary from
one iniplementation to apother. Morsover, it will be appreciated that such a development effort
might be complex and time consuming bot would nevertheless be a routine undertaking for those
of cedinary skill in the art having the benefit of the present disclosure, Furthermore, in ne way
should the following examples be read to Hmit, or define, the seope of the disclosure.

{ertain embodiments according to the present disclosure may be divected to systems
and methods for presswre communication within 8 hydro-pneumatic. eylinder.  The hydro-
paenmatic oylinder generally includes a rod, a barel coaxial to the rod, and a piston assembly
disposed within the barrel and conngcted to the rod. The barrel is hollow to define a fhwnd
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 eylinder. 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 raay inehude a pilot disposad i the flow path through the rod that
selectively enables or prevents pressure comnmunication from the low-pressure side to the Jower
pin. The lower pin may be actuated via this pressure communication to secure the end of the
cylinder 1o a tension ving on 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 such, the disclosed cylinder allows for attachment of the eylinder to a
tension ring without any lower deck on the Houting platformo.

The disclosed systens and methods also allow for the cylinder 1o be remwoved from the
tension ving without requiring rig pevsonnel o a lower deck of the Hoating platform, fnstead,
actagtion of the system so that the preumatic eylinder detaches from the fension ving is initiated
and controlfed from an upper location on the cylinder,

fu somse embodiments, the hydro-pneumatic cylinder includes a shuttle disposed in the
flow path through the vod, the shaitle being adjacent the pilot. The shuttle s configured to
enable a low-prassure side to high-pressure side annulug bypass via the flow path when flaid on
the lov-pressure side s pressurized above the prossure on the high-pressure side, Specifically,

4
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movement of the shottle in response to pressurized flnid on the low-pressure side of the fluid
charsber 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 hydrauhic fhnd that was
previously present in the anmlar chawber,  Therefore, the disclosed systems and methods altow
for flushing of hydraulic fuid from the swmlar chamber of the hydro-pneumatic eylinder from
an upper end of the eylinder so that an operator does not need to stand on a lower service deck to
service the cylivder.

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

Turning now 1o the deawings, FIG.  ilustrates an offshore environment 100 in which
the disclosed hydro-pnearsatic ¢ylinders may be used. The offshore environment 100 generally
includes a floating platform 102 with a main production deck 104, a riser 106, a tension ring 108,
and a densioner 110, The fensioner 110 comprises a plorality of hydro-pueumatic cylinders 112,
The riser 106 is directed through the platform 102, and the tension ving 108 s coupled to the
riser 106, The tension ring 108 may include a retention device 113, The eylinders 112 ihat
make np the teosioner 11 are coupled to the platform 102, Each cylinder 112 may include a
retractable rod 116 that may be selectively extended from or retracted into a barvel 118 of the
eylinder 112, Bach cylinder 112 may further include a top pin connection 130 at a proximal end
122 thereof proximate fo the platform 102 and a bottom pin conneetion 124 at g distal end 114
thereof proximate o the tension ring 108, The fop pin connection 120 may be used to couple the
cylinder 112 to the platform 102 with the eylinder 112 rotatable around the top pin connection
120, In certain woplementations, the vetestion device 113 may include a downward facing hook
that engages the portions of the bottom pin connection 124 exiending from the vod 116 of the
eylinder 112,

The hydro-prewwatio eylinders 112 each juelude features that enable easy instaliation
andd maintonance of the tensioner 110 thronghout the life ot the well. For exaniple, the hydro-
pnewmatic eylinders 112 are designed to cnabrle secure connwction of the distal end 114 of gach
eylinder 112 to the tension ring 108 withou! requiring vig personned 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, Bven though the
actuable component is located at the distal end 114, the cylinder 112 enables rig persomnel o
actuate the actuable coniponent from a location on the main production deck 104 In the event
that removal of a particular hydro-preumatic cyvlinder 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 annylar chamber o the eylinder from the production deck 104 while the
eylinder remains connected to the platform 102 and to 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
replagement, Instead, all such operations are performed at the production deck fevel (104). The
hydro-pneumatic eylinders 112 will now be deseribed in greater detail,

FIG, 2 illustrates a hydro-pueumatic cylindsr 112 in accordance with an embodiment of
the present disclosare. The eylinder 112 inclhudes the barrel 11§ with the rod 116 extending
theretrom, the top pio councction 120, which forms ong end of the cylinder barrel 118, the
bottom pin connection 124 at the distal end 114 of the vod 116, and a cylinder end cap 210,
which defines an opposite end of the eylinder barrel 118 from which the vod 116 exiends, The
eylinder 112 may also include one or more external accumulators 212 used to store additional
gas media for the eylinder 112, The external accunsulators 212 may include one or more bigh-
prossurg accumulators, one or more low-pressure accumulators, or both.  Any external high-
pressure accwpulators are communicatively coupled to a high-pressure side of the cylinder 112,
while any external low-pressure acewpulators are communicatively coupled to a low-pressare
side of the eylindsr 112, The high and low-pressure sides of the eylinder 112 are described in
greater detail below. It will be understood by ong of erdinary skill in the art that the external
accuniulators 212 are aitached to the appropriate side of the eylinder 112 via ong or more
wanifolds 214 that communicate pressure frony the relevant external accumulator(s) to the
cylinder 112, The gas wedia within these external sccumulators 212 may inchade nitrogen gas,
compressed glr, or any other suitable gas media known to one of ordinary skifl in the art.

A cutaway portion of the eylinder 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 connected fo the oylinder rod 116 and is axially movable within the thad
chambir 218 o stroke the rod 116 relative fo the barve]l 118
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The fluid chamber 218 {and any connected external aceumulatorsy on one side of the
piston assembly 216 contains hydravtic fluid and/er nitrogen gas at a relatively lower pressure,
while the fluid chamber 218 (and any conmected extornal accunulators) on the opposite side of
the piston asserably 216 containg hydraulic fluid 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 112,

FIG 3 provides a more detailed view of internal components within the baresl 118 of
the disclosed eylinder 112, FIG. 3 illusirates the eylinder barrel 118 with the piston assembly
216 disposed therein and coupled to the cylinder rod 116, the high-pressare side 222 of the fluid
chamber 218, and the low-pressure side 220 of the fluid chamber 218, The piston assembly 216,
as iHostrated, way include an annular fluid reservoir (or “amudar chamber”™) 310 formed therein.
The annular chamber 310 is in floid communization with the high-pressure side 222 of the main
fluid chamber 218, For example, the piston assenbly 216 may inglude a fluid overflow passage
312 extending from the high-pressure side 222 to an upper portion of the annular chamber 310,
This fluid overflow passage 312 may provide pressure eommunication between the bigh-pressure
side 222 and the annular chamber 310 o maintain hydraulic fluid in the annular chamber 310 at
a sufficiently high pressure. When replaceroent of the hydraulic fluid in the annular chamber
310 is required, the overflow passage 312 enables old hydraulic fluid within the annular chamber
310 1o be flushed out of the annular chaber 310 and into the bottom of the eylinder barrel 118
on the bigh-pressure side 222,

As illusirated, the piston assembly 216 may include & piston body 314 with a hollowed
out portion to formy the anmular chamber 310, a piston end cap 316 to seal the hydraulic Huid
within the annolar chamber 310, and the overflow passage 312 extonding through a portion of
the piston end cap 316. However, # should be noted that other arrasgements or constructions of
the piston assembly 216 may be possible in other embodiments. The piston gssembly 216 15
securely connected to the cylinder rod 116, Seals (e.g., o~vings) are disposed between a radially
exterior surface of the rod 116 and a radially interior surfiace of the piston assembly 216 1o
Huidically seal the rod/pision nterface.

The cylinder 112 may mclude g dynamic sealing arravgement 318 Jocated at an
interface between a radially exterior wall of the piston assembly 216 and a vadially nterior wall
of the cylinder barrel 118, This dywamic scaling avcangement 318 may flaidically scal this

7
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piston/barrel jnterface while enabling the piston assembly 216 to move axially relative o the
barrel 118, Although not shown, the piston assembly 216 may include a small port 319
extending therethroagh from the annular charaber 310 to the dynamic sealing arrangernent 318,
This port provides hydraulic fluid stored in the snular chamber 310 to the dynamic sealing
arrangement 318 as the cylinder is stroked during use.  Ag such, the anmular chamber 310
enables the piston assembly 216 to hold high-pressure hydraulic fuid ssed to lubricate the
dyvamic sealing arrangement 318, This makes the eylinder 112 relatively low profile (low
volume).

The eylinder 112 also includes a flow path 320 formed axially through the cylinder rod
116, as itlustrated. The flow path 320 may enable communication of pressure from the low-
pressure side 220 to an acthuable component (not shown) located at the distal end (114 of FIG. 2)
of the cylinder 112, The flow path 320 way to be used to copumunicate pressure from the lows
pressare side 220 of the cylinder to actuate the actuable component to secure the distal end 114
of the oylinder 112 to the tension ving {(c.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 compoenent designed to secure the distal end 114 of
the cylinder 112 to a correspondivg retention feature on the tension ring and maintain the
connection as long as a positive pressure s applied to the actuable component.

The cylinder 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 communication through the flow
path 320, That is, the pilot 324 selectively allows or prevents pressure communication from the
flow path 320 on one side of the pilot 324 to the How path 320 on an opposite side of the pilot
324 depending on an axial position of the pilot 324 within the flow path 320, The pilot 324 is
axially movable within the flow path 320 to open or close 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
machanizm (.2, spring 328) may bias the pilot 324 in 3 particnlar divection (e.g., downward in
the present smbodiment) to maintain the port 326 in a closed position until an aciuating pressure
is apphed to the pilot 324,

The eylinder 112 includes & port 330 extending from the anmular chamber 310 in the
piston assembly 216 to the pilot 324, In the iestrated embodiments, this port 330 s formed
through the body 314 of the piston sssermbly 216 and through the rod 116, The port 330
provides pressure commuuication between the annular chamber 10 and & lowser end of the pilot
324, g5 shown, A biasing mechanism {o.g., apring 328 may bias the pilot 324 in a disection

8
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toward this lower end to maiotain the port 326 through the rod 116 closed until an sctuating
pressure is applied to the pilot 324, When pressure is increased on the high-pressure side 222 of
the eylinder 112, the inceeased pressure is communicated through the overtlow passage 312, the
aonular chamber 310, and the port 330 to the lower side of the pilot 324, The increased pressure
forces the pilot 324 npward o 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 cylmder 112 may nclude a shuttle valve (or “shuttle™)
332 tocated within the flow path 320 in the rod 116. The shuitle 332 regulates fluid flow through
a bypass between the low-pressure side 220 and the annular charober 310, That is, the shuttle
332 selectively allows or prevents pressure and Huid communication from a portion of the flow
path 320 that is open to the low-pressure side 220 fo the avnular chamber 310, depending on an
axial position of the shutile 332 within the flow path 320, The shuitle 332 iy axially movable
within the flow path 320 io open or close a port 334 linking the low-pressure side of the flow
path 320 to the annular chamber 310, As illustrated hereln, the port 334 may generally link the
flow path 320 directly to the port 330, which provides the nlibmate connection to the annular
chamber 310, However, in other embodiments the port 334 may be entirely separate from the
port 338

A biasing mechanism (.4, spring 328) moay bias the shuttle 332 iu a particular divection
{&.g., apward in the present embodiment) to maintain the port 334 through the rod 116 closed
wintil an actuating pressure is applied to the shuttle 332, As illustrated, a single spring 328 (or
other biasing mechanism) may be utilized to bias both the pitot 324 and the shuttle 332 tn desired
directions within the rod flow path 320, In other embodiments, however, a different blasing
mechanism may be utilized for gach of the pilot 324 and the shotile 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
side 222, This actuation may be performed when the hydrautic fhad within the annular chamber
310 s to be replaced. In such instances, new hydranlic fluid is wnput 1o the fow-prossure side 220
at a pressuve higher thaw the high-pressure side 222, This forces the shuttle 332 downward to
expose the port 334, which enables the new hydraulic fluid to flow ioto the aunular chamber 318,
displacing the old hydraulic fluid. These and other operations will be deseribed v greater detail
helow.

Provious eylinder designs with an anular chamber in the piston assembly generally
included an access port lovated on the lower eylinder rod extension to conwnunicate thid to the
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anpular chamber. This required intermittent (e.g., anmial} access at @ lower cellar deck level to
perform hydraulic fluid service on the anvular chamber. In the disclosed erabodiments, the
shuitle 332 enables high pressure fluid in the annular chamber 310 to be refilled from the top
side of the cylinder 112 (as opposed to a lower distal end 114}, by circulating fresh fluid from the
fow-pressure side 220 of the cylinder 112, Thus, the disclosed cylivder 112 allows for hydraulic
fluid mainteniance without a lower deck oun thy floating platform.

In FIG. 3, the cylinder 112 is ju a “nominal cylinder configuration. o this
coufiguration, the internal components of the eylinder 112 are those of the eylinder 112 onge it is
connected 1o the tension ring 108 and being used to provide tension to the connected viser as
peeded in response 1o movement of the floating platform. In this nominal position, the pilot 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 is vlosed. The pilot 324 and shuttle 332 are maintained
i these states vig pressure from the bigh-pressare side 222 communicated to the pilot 324 via
the port 330 and via the spring 328, respectively.

FIG. 4 illustrates the distal end 114 of the hydro-pneumatic eyvlinder 112, which
includes the aforementioned actuable component 408, when the eylinder 112 15 in the nominal
configuration. As illustrated, the flow path 320 through the rod 116 extends all the way through
the rod down do the distal end 114, Pressure iz comymunicated through the How path 320 at
desived times to actuate the actuable component 408.

The actuable component 408 in this embodiment s a connector pin 410, The conunector
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 relative 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 bigses the pin 410 m the
direction of the fow path 320, There are fhadic seals at the jnterface of the pin 418 and the
internal walls of the chamber 412, The chamber 412 is fluidly connected to the Sow path 320
via a radial port 416, so that pressure commumication throngh the flow path 320 will enter the
chamber 412 and press omtwardly on the pin 410,

In response fo ncreased pressere i the chamber 412, the pin 410 will be moved so that
it extends sutward from the body of the distal end 14 baving the chamber 412, In this extended
position, the pin 410 may secure the distal end 114 of the oylinder 112 to a retention device on a
tension ring. In FIG. 4, the pin 410 is shown in this extended position,

FiG. § provides another #llustration of the disclosed eylinder HQ in the nomina
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position. ln FIG. 5, the cylinder 112 s lostrated 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 understood that not
all of these flow paths nesd to be present within the same cross section.  For example, as
illustrated in FIG. 3, the port 330 and overflow passage 312 may be located at different positions
about the circomference of a longiiudinal axis of the cylinder 112, Additionally, the ports 326
and 334, in some embodiments, may be located at different positions from the port 330 about the
circumference ofthe longitndinal asis of the eylinder 112,

FIG. 6 shows the distal end 114 of the cvlinder 112 connected to the tension ring 108,
In the illustrated embodiment, the distal end 114 of the cylinder 112 is secured to the tension ring
108 via the actuable component {pin 410} interacting with the retention device 113 on the tension
ving 108, The retention device 113 may include a U~shaped bracket into which the distal end
114 of the cylinder 112 s reccived during installation of the cylinder 112, During installation,
the cylinder 112 (already connected to the floating platform) is swung and/or stroked into a
position within the bracket, The bracket may include two hook-shaped arms 610 facing
dowmward, Protrusions. 612 on each side of the distal end 114 are received into these hook-
shaped arms 610 during installation.  The distal end 114 may also include an elastomeric
spherical bearing 614 to acconvmodate angular offset and fo self~centralize the distal end 114
within the hook-shaped arms 610 during installation. The hook-shaped anm 610 may include an
annular plate 616 on one side, and this anmular plate 616 is designed to reeeive the exiended pin
410. During installation, the distal end 114 is swung jnto place and received between the hook-
shaped arms 610 of the bracket, and owee {n place the pin 410 is actuated bnto engagement with
the annular plate 616.

Although shown as just one pin 410 that s extendable into a spacs formed by the
annular plate 516 on 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 connection 124 from the Wustrated pio 410 and may be similarly
gonnected to the flow path 320 so that pressure through the flow path 320 sctuates both pins 410
at the same time. Both hook-shaped avms 610 of the bracket may include annular plates 616 nio
which the two pins 410 of the cylinder 112 are actnated via pressure trough the flow path 320,

The pin 410 as ilustrated is in ap energized position. The piston portion of the pin 4140
is energized via low-pressare secarement to the tension ring 108, That is, the distal ondd 114 of
the cylinder 112 receives pressure from the low-pressure side 220 of the cylinder 112 1o energize
the pin 410,

1
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The distal end 114 cannot be swung into place and received between the hook-shaped
arms &1 of the bracket while the pin 410 is extended from the distal end 114, The pin 410 1
only extended into position within the annnlar plate(s) 616 afier the distal end 114 has been
received into the hovk-shaped arms 610. Once the distal end 114 s received into the hook-
shaped arms 610, 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 {o allow or block low pressure
flow down the rod 116 1o actaate the pin 410 depending on whether the cylinder’s high-pressare
side 222 is energized. That way, actuation of'the pin 410 can be accomplished eutirely 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 actuating the pin 410 to secure the eylinder to the tensioner ring 108 can

be accomplished without rig personnel on a lower deck.

Having now deseribed the gencral layout of components within the disclosed eylinder
112, a description of varfous modes of operation of the wylinder 112 will now be provided.
FIGS. 7,8, 9, 10 illustrate the cylinder 112 being operated to attach the evlinder 112 to the
tension sing 108, The Hlustrations of FIGS, 7, 8, 9, 10 show both the internal components within
the cylinder barrel 118 as well ag the components located within the distal end 114 of the
cylinder 112 at different times during the progess of attaching the eylinder 112 to the tension ring
108. In general, fo aitach the eylinder 112 10 the tension ring 108, fivst the high~-pressure side
227 is encrgized, and then the Jow-pressure side 220 communicates low pressure through the rod
116 1o actuate the pin 410 at the distal end 114, This process is generally used during installation
of the cylinder 112,

FIG. 7 shows the eylinder 112 in a frec hanging position.  Thai is, the inicenal
components of the cylinder 112 are those of a free hanging eylinder 112 before actuation of a
lower connection pin and without recirculgting Huid through the anoular chamber 3100 1o this
free banging position, both the pilot 324 and the shuttle 332 are in us-actuated positions such
that the port 326 and the port 334 are closed. The pilot 324 and shuttle 332 are maintained in
these wn-actuated positions via their biasing mechanism(s). For example, in the Hlustraled
embodiment, the pilot 324 and shottle 332 ave kept in position via the spring 328,

At this point, the cylinder 112 may be stroked ount by applying pressure to the low-
pressure side 220 without engaging the lower pin 410, FIG, 8 shows the oylinder 112 with the
low-pressure side being pressured up (810) to stvoke the cylinder 112 such that the rod 116 s
extended outward from the barrel 118 t0a position beyond where 1t is needed 10 conneet fo the

{
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retention device on the tension ving. At this point, a separate positioning mechanism (vot shown)
may be utilized 1o tili the cylinder 112 to a desived position relative to the floating platform such

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

engagement with the retention device, as showa i FIG, 9.

FIG. 9 shows the cylinder 112 with the high-pressure side 222 being energized via bigh
pressure nitrogen gas (910). In addition to providing a pulling foree to position the distal end
114 of the eylinder 112 within the refention device, the high pressure travels through the
overflow passage 312 into the annular chamber 310 and through port 330 to the pilot 324, This
forces the pitot 324 upward and compresses the spring 328, The pilot 324 shilting upward opens
the port 326, thereby allowing pressure cormurieation (L) through the flow path 320 in the
vod 116, as shown in FIG. 10, This provides pressure conwnunication (1010} from the low-
pressure side 220 to the chamber 412 to actuate the pin 410 into the extended position at the
distal end 114 of the cylinder 112, As illustrated in FIG. 10, the pin 410 is energized into
engagement with the avoular plate 616 of the tension ring 108, thereby securing the distal end
114 of the cylinder 117 to the tension ving 108, The eylinder 112 iz now in the nominal
configaration. As long as the increased pressure (910} is maintained ou the high-pressure side
222, the pin 410 will remain in position to keep the cylinder 112 securely atlached to the fension
ring OB in this nominal position.

FIGS. 11, 12, 13 fliusteate the oylinder 112 belug operated to remove the eylinder 112
from the tension ring 108, The tlustrations of FIGS. 1L 12, 13 show both the iniernal
components within the cylinder barrel 118 as well ay the components located within the distal
end 114 of the eylinder 112 at different tiroes during the process of detaching the oylinder 112
froro the tenston ving 108, In general, to detach the cylinder 112 o the fension ving 108, fisst
ihe Jow-pressure side 220 is bled off] and then the high-pressure side 222 s bled off so that low
pressure cant be apphied to the low-pressure side 220 again without actuating the pin 410, This
process is generally nsed during disconnection and replacement of the cylinder 112,

The eylinder 112 begins in the nominal position discussed above, FIG, 1 shows the
cylinder 112 with pressure being bled off from the tow-pressute side 220, The reduction of
pressure compunicated through the How path 320 10 the lower pin 410 causes the pin 410 {6 be
disengaged from the retention device 113 of the tension ring 108, That is, the pin 410 is no
fonger engaged with the annular plate(s) 616 of the tension ving 108, FIG. 12 sbows the high
presmre from the high-pressure side 222 being tled off thereby reducing the pressure sent to the
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pitot 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 between the low-
pressure side 220 aund the pin 410 at the distal end 114, Bleeding off the high-pressure side also
releases tension from the eylinder 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, 1o stroke out the eylinder
rogd 116 without engaging the lower pin 410.

PIGS. 14 and 15 illustrate the eylinder 112 being operated 1o performo a high pressure
fluid fhush/cireulation of fluid into the aspular chamber 310 of the piston assembly 216, This
may be performed at regolar intervals (eg., anmually) as necessary to maintain the proper
fubrication of the dynamic sealing arrangenient Y18 of the cylinder 112, The illustrations of
FIGK. 14 and 15 show both the internal componenss within the cvlinder barrel 118 as well as the
components located within the distal end 114 of the cylinder 112 at different times during the
process of flushing the high pressure fluid within the annolar chamber 310, As tllustrated, this
process may be entirely performed while the eylinder 112 is sceurely attached to the tension ring
108 via the pin 410 at the disial end 114, In general, io perform the fluid flash, fivst the high-
pressure side 222 13 energized, and then the low-pressure side 220 is brought up to a pressure
that is bigher than the higlepressure side 222 to flush dirty hydraulic fluid from the annular
chamber 310,

The oylinder 112 beging in the nomingl posttion discussed above.  In the nominal
position, the low-pressure side 220 may be held at a first relatively low pressure (e.g.,
approximately 30 psi), while the high-pressure side 222 may be held at a second higher pressure
(¢.g., approximately 500 psi). FIG. 14 shows fresh hydeanlic fluid (1410) belug added io the
cylinder 112 on the low-pressure side 220, The pressure on the low-pressure side 220 s then
increased to maich the pressore of the high-pressare side 2220 Asthe low-pressare side 220 and
high-pressure side 222 are pressure equalized, the shuttle 332 moves downward against the
restoring foree of the spring 328, This movement of the shuitle 332 i shown in FIG, 15, The
movement of the shuttle 332 exposes the port 334 {0 the annulus bypass, thereby allowing
compamication betwesn the Jow-pressure side 220 and the high-prossure side 222 via the port
336, annalar chamber 310, and overflow passage 312, The spring 328 is sived to provide a range
of agceptable fuid service pressures (e.g., 330-650 psi on the low-pressure side 220). The
pressure on the low-pressure side 220 may be incoreased (2.2., t0 approximately 650 psi) sbove
that of the bigh-pressure side 222 and then held ontil the bydraulic Hoid (1410) from the low-
pregsure side 220 is foreed into the high pressure fluid cavity, Old hydvaslie fhuid (151 from

14
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the annular chamber 310 is forced out through the overflow passage 312 and into a waste fhuid
cirguit at the bottom of the eylinder bareel 118.

All three functions described above with reference to FYGS. 7, 8, 9, 10 (attachment 1o
tension ring 108), FIGK. 11, 12, 13 {removal from tension ving 108), and FIGS. 14 and 15 {(fluid
flush of hyvdravtic fluid) may be performed on the cyvlinder 2 without needing external access
to a Jowsr portion (Le., the distal end 114) of the oylinder 112, As such, ihe disclosed cylinder
112 enables hands free attachment and detachment of the eylinder 112 relative to the tension ting
108 and fluid maintenance within the nternal thaid reservoir 310 without the need for a fower
cellar deck on the floating platform,  Fluid access for control of gach of these processes is
available entively from the main production deck on the floating platfornt. As such, the eylinder
112 provides an improvement over previeusly existing tensioner cylinders that were more
difficnlt to install, remove, and service because of the Hmited access via & lower deck. The
gylinder 112 can also be nsed with a Jess costly foating platform having only a main production
deck.

Although the present disclosure and its advantages have been described in detail, i
should be undersicod that various changes, substitutions and alferations can be made hercin

without departing from the spirtt and scope of the disclosure as defined by the following claims,

s
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WHAT IS CLAIMED ISy

i, A gystem, comprising

a gylinder comprising a rod, a barrel coaxial to the vod, and a piston assembly disposed
within the barrel and connected to the rod, wherein the barrel s hollow o defive a chasuber, and
wherein the piston assembly is axially movable within the chamber to stroke the rod relative 1o
the barrel:

an actuable compovent 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 i fluid
conumunication with the chamber on a first side of the piston assembly, and wherein the flow

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

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

opposite the first side.

3. The systern of clatre 2, further comprising:

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

a second port extending from the annnlar volame to the piot.

4. The cysteny of elatn 3, further comprising:
a shuttle disposed within the How path, whereln movement of the shultle selectively
opens or closes a third port betwsen the annular volume and the chamber on the first side of the

pistorn assenibly,

S The system of claimy 1, wherein the actuable component is a tension ring connector

configured o seaure the distal end of the vod o a tension ving o a wiser,
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6. The system of claim 3, wherein the tension ring connector comprises a fhuid 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 o tension ring upon actuation of

the teasion ring connector.

7. A systern, comprising:

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

a flow path formed adally through the rod, wherein the fow path is in fluid
conaunication with the chamber on a first side of the piston assenbly,;

an anpular volume located within the piston assembly and in floid communication with
the chamber on a second side of the piston assembly epposite the fivst side;

a pilot disposed within the flow path, wherein meovement 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 pitot;

asecond port extending from the annular volume to the pilot; and

a shuitle disposed within the flow path, wherein movement of the shuitle selectively
opens or closes a third port between the annular volume and the chamber on the first side of the

piston assentbly.

8. The system of ¢laim 7, further comprising an actuable component Jocated al & distal end
of the rod exending away from the barvel, whersgin the flow path extends to the actuable

component.

9. The systern of claim 8, whersin the actuable component is @ lension ring comecior

configured to secure the distal end of the rod to a tension ring on a viser,

10, The syatem of clairn 9, wherein the fension ring connector comprises a fluid chamber
communicatively coupled to the flow path and a pin parftally beld withiy the flwid chamber and
configured to extend from the fluid chamber and interface with a tonsion ving upou acteation of

the tension ring conmector,
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11, The system of claim 7, 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 opposiie side.

i2. A woethod, comprising:

connecting a proximal end of a eylinder to a floating platform, the cylinder comprising 4
rod, a barrel comxial o the rod, and a piston assembly disposed within the barvel and connecied
to the rod, wherein the barrel is hollow to defing 3 chamber, and wherein the rod hag an axial
flow path formed therethrough;

posttioning a distal end of the rod exfending from ihe barrel within a retention devicg of a
tension ring coupled to a riser;

actuating a pilot disposed within the flow path to open a first port between the Bow path
on one side of the piot 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 snd of the rod 1o the retention deviee.

{3, The method of claim 12, further comprising increasing pressure within the chamber on a
fiest side of the piston assembly to move the rod such that the distal end of the rod is positioned

in the retention device.

M. The wmethod of claim 13, whercin 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,

1S, The method of claim 13, wherein actuating the tension ving conneefor disposed at the
distal end of the rod comprises increasing pressure within the chamber on g second side of the
piston assembly opposite the first side, whereln the flow path s in fluid communication with the

seeond side of the chamber,
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16.  The method of claim 12, wherein an annular volume s located within the piston
assembly, wherein the anmular volume is in flnid commanication with a fiest side of the piston
assembly, and wherein actuating the pilot comprises communicating pressurized fluld from the
avular volume 10 a second port leading from the annular volume to the pilot in response to

pressurization within the chamber on the fivst side of the piston assembly.

17.  The method of elaim 12, 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 fivst port; and

disconnecting the eylinder from the Hloating platform,

18.  The method of claim 12, fusther comprising:

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

maintaining the first port in an open position via the pilot, whergin a second port extends
between the annular volome and the pilot;

forcing the shuttle to mwove via increasing pressure of the joput {luid on the first side of
the piston assembly 1o open a third port between the flow path and the annular volume; and

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

second, and third ports ave opsn.

19, The method of claim 18, further comprising circulating the input fluid through the
chamber on the first side of the piston assermbly, the How path, and the annular volume while the

distal snd of the rod remaing seoured 1o the retention device.

20, The method of clalm 18, wherein access 1o the first side of the piston assembly for

inputiing the fhaid is avatlable from a prodaction deck proximate an apper eud of the cylinder,
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