SOFT STOP FOR MAXIMUM RISER TENSIONER STROKE FIELD OF
THE INVENTION This invention relates in general to riser tensioners for
offshore drilling and production vessels and in particular to a stop
mechanism that cushions impact during a maximum riser tensioner stroke.
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tensigmenieeded artigstreme stroke position. A stop and a shock absorber are used, one adapted to
be mounted to the vessel and the other to the conductor. The stop and the shock absorber are axially
movable relative to each other in response to waves and/or currents, so that during an extreme stroke
position of the riser tensioner, the stop and the shock absorber impact each other for absorbing shock.
The impact of the stop and the shock absorber occur before the riser tensioner piston tops out in the
cylinder.

In the preferred embodiment, the stop comprises a flange on the conductor, and the shock absorber
is adapted to be mounted to the vessel. The flange is preferably on a lower end of the conductor. The
shock absorber comprises upper and lower annular frame members that are movable toward and
away from each other. At least one resilient member is located between the frame members. In the

preferred embodiment, a plurality of resilient members are located between and spaced around the



preferred embodiment, a plurality of resilient members are located between
and spaced around the 1 0 upper and lower frame members. Preferably the
frame members have central openings larger in diameter than an outer
diameter of the flange. A plurality of dogs are mounted to the lower frame
member and movable between an installation position, which allows the
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Referring to FIG. 1, riser tensioner assembly 11 is utilized on offshore drilling and/or production
floating platforms, and may be one of several on the same platform. Riser tensioner assembly 11 is
employed to maintain a desired tension in a riser 13 that extends from the vessel or platform to subsea
well equipment 15 on the sea floor. Riser 13 may be a drilling riser for drilling new wells or it may be a
production riser for production fluid flow. Subsea well equipment 15 may be a subsea wellhead
housing, a subsea tree, a subsea manifold or other type of hydrocarbon recovery equipment. The
vessel is subject to vertical and translational movement relative to subsea equipment 15 because of
currents and waves.

Riser tensioner assembly 11 is mounted between an upper deck 17 and a lower deck 19 of the
vessel. Decks 17, 19 are a fixed distance apart and move in unison with the vessel. In this

embodiment, riser tensioner assembly 11 has two bearing members, which comprise an upper set of



currents and waves. Riser tensioner assembly 11 is mounted between an

upper deck 17 and a lower deck 19 of the vessel. Decks 17, 19 are a fixed

distance apart and move in unison with the vessel. In this embodiment, riser
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them to each other at a fixed distance. A plurality of rollers 47 are mounted between braces 45 for
engaging conductor 25.

Shock absorber 39 comprises a top frame 49 and a bottom frame 51 in this example. Top frame 49
is secured to lower plate 43 of lower guide rollers 23 in any suitable manner, such as by bolts. Frames
49, 51 comprise circular flat plates similar to plates 41, 43 of guide rollers 23. Each frame 49, 51 has a
central hole 52 (FIG. 5) through which conductor 25 extends. Bottom frame 51 is movable vertically a
short distance relative to top frame 49. A number of retaining pins 53 extends between frames 49, 51

to retain bottom frame 51 with top frame 49. Each retaining pin 53 is stationarily secured to top frame



include an upper plate 41 and a lower plate 43, each of which extends

around conductor 25 in a plane perpendicular to the axis of conductor 25.
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During assembily of riser tensioner 11 to the vessel, lower guide rollers 23 and shock absorber 39
will be secured to each other and mounted to lower deck 19 (FIG. 1) of the vessel before installation of
conductor 25. In the installation position shown in FIG. 4 and by the dotted lines of FIG. 5, each dog
61 is free to pivot about its pivot pin 65 and will hang downward by its own weight. In this position, the
inner diameter circumscribed by the inner edges 71 of dogs 61 is greater than the outer diameter of
conductor flange 29. Conductor 25 is then lowered through upper guide rollers 21 (FIG. 1), lower guide

rollers 23 and shock absorber 39. The freely pivotal dogs 61 allow flange 29 to pass through shock



operational position. Each dog has an upward-facing cam edge 70 located
radially outward from pivot pin 65. Referring to FIG. 5, for each dog 61, an
adjustment pin 69 is secured to top frame 49 (FIG. 4) and extends downward
into a hole 68 in bottom frame 51. In the assembly position, illustrated by the
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upward force passes through damper housings 57, top frame 49 and lower
guide rollers 23 to lower deck 19 (FIG. 2). As the vessel rises from the
trough of the large wave, decks 17, 19 move upward relative to conductor
25, as shown by comparing FIGS. 2 and 3, which moves shock absorber 39
above the external flange 29. Bottom frame 51 moves back down to the
lower position (FIG. 7) relative to toﬁ"ﬁ%e 49 and damper spring elements
The Beptioradifidisi damper housings 57. The shock absorber reduces the
possibility of damage occurring to the riser tensioner cylinders because it

1. SRS SUSARIOR OlHIRIIGLRIRGS SYIIAARLUBHS BElars IR RISIANS iAW be

ivotal load transfer dogs facilitate installation of the riser conductor. Whi

: | . : hile
Positipf R AFRISA RIS LRGSR RS BRR BARDY R BIFR, AL REGNTH LTy el
equiRE eRbSEC Il RTIAPETRE AR HeASS W harraralivRieeMPHEIN®S susceptible to various

changesavithroutdepattisngitioed theseape tiof ther Mvestindrifd basaapleigh the

openﬂ&ﬂ%ﬁ%@eﬁ%ﬁk a_bsorber gnd stop only operation during maximum
extension of the t?a%loner Cé“n er units, Slml|$l’ arrané(%]g[me ts couLd bde use

to rEERR AR ARG SR IS o5 LS O PR A RHISTHS A G 4RFREy ALY fnegper to
the capgiiptats FeIoRAILIIR)SERBIE RO RTREING AYRYIN STRG ARy @URIRgCarR BRI e
relatistr akipe pakibometbindisesriansianeuradaptedrtonbataiermectech betveararacrisiener,

the stBbRXIREdREIO R HRSSANE! L LAYRRISINAUHY SRAPEARGHNR YRS oBRber

apgaratus comprising: a tubular conductor that is adapted to surround the
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riser where the riser passes though the opening in the vessel; and a stop

andRPYIEK RS GISIRSIREB EIRE AR B o HRY ARSUANER BNthawpy &un aeh other;
and the other to the conductor, the stop and the shock absorber being axially

moyable: wiath@ilaieashuriehARM helRkive iutisaxis of the conductor, so

that during an extreme stroke position of the riser tensioner, the stop and the
shock absorber impact each other for absorbing shock, wherein the shock
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and theosraisleatsvdedl ialadapiwe yofberm @atéd adhibe; vemsdl.at least one resilient
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4. An apparatus for reducing shock to a riser tensioner occurring during an extreme stroke
position, the riser tensioner adapted to be connected between a riser that extends from subsea well
equipment through an opening in a vessel, the apparatus comprising:

a tubular conductor that is adapted to surround the riser where the riser passes though the
opening in the vessel; and

a stop and a shock absorber, one being adapted to be mounted to the vessel and the other to
the conductor, the stop and the shock absorber being axially movable relative to each other and
relative to the axis of the conductor, so that during an extreme stroke position of the riser tensioner,
the stop and the shock absorber impact each other for absorbing shock, wherein the shock absorber
comprises:

upper and lower annular frame members that are movable toward and away from each other;

and



3. The apparatus according to claim 1, wherein the stop comprises a flange

on a lower end of the conductor. 4. An apparatus for reducing shock to a

riser tensioner occurring during an extreme stroke position, the riser

tensioner adapted to be connected between a riser that extends from subsea

well eca ment through an opening in a vessel, the apparatus com rlsm
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frameraebethecashohing dritderyaayel arrsitestoieaber dhatrndegassbelnsreorighe frame
membeiflg adapted to be mounted to the vessel and the other to the conductor,

the stop and the shock absorber being axially movable relative to each other

and relative to the axis of the conductor, so that during an extreme stroke
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comprieasgnted to the vessel and the other to the conductor, the stop and the shock
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of th Iléﬂe con&iuctor so that during an extreme stroke position of the riser
fen r%her the stop and the shock absorber impact each other for absorbing
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6. The apparatus according to claim 5, wherein each of the dogs is pivotally mounted to the

frame member and pivots between the installation position and the operational position.

7.  The apparatus according to claim 5, wherein while in the operational position and during a
maximum downward movement of the vessel relative to the riser, an upper surface of each of the dogs

contacts the frame member and a lower surface of each of the dogs contacts the flange.

8.  An apparatus for reducing shock to a riser tensioner occurring during an extreme stroke
position, the riser tensioner adapted to be connected between a riser that extends from subsea well
equipment through an opening in a vessel, the apparatus comprising:

a tubular conductor that is adapted to surround the riser where the riser passes though the
opening in the vessel; and
a stop and a shock absorber, one being adapted to be mounted to the vessel and the other to

the conductor, the stop and the shock absorber being axially movable relative to each other and



position, which allows the flange to pass downwardly through the central

opening in the frame member, and an operational position, which prevents

the bottom frame member from passing downwardly past the flange. 6. The

apparatus according to claim 5, wherein each of the dogs is pivotally

mounted to the frame member and pivots between the installation position
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dogs contacts the frame member and a lower surface of each of the dogs

contacts the flange. 8. An a cparatu_s for reducing shock to a riser tensioner
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Concltuh?otrduring an extreme stroke position of the riser tensioner, the stop and the
shock absorber impact each other for absorbing shock, wherein the shock

absorber comprises: upper and lower annular frame members that are
10moVabipdcnearrardaway Subseaach atbretiortheuppaingnnular frame
mexkssadapted to be mounted stationarily to the vessel; and a plurality of
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a tubular conductor mounted stationarily to and around the riser, the conductor passing
through an opening in the vessel;

a bearing member mounted to the vessel around the opening for engagement with the
conductor as the vessel moves relative to the riser;

a plurality of hydro-pneumatic cylinder units, each having a piston, the cylinder units being
connected between the riser and the vessel for applying tension to the riser, the cylinder units being
spaced around the conductor;

an external flange on a lower portion of the conductor; and

a shock absorber positioned around the conductor and mounted to the vessel for movement
relative to the conductor, the shock absorber having at least one resilient member for absorbing shock

when the shock absorber impacts the external flange.



frame members, each of the cylinders having a resilient member that
engages one of the frame members; and the apparatus further comprises: a
set of rollers mounted to the upper frame member and in rolling engagement
with the conductor. 10. An apparatus for performing subsea well operations,
comprising: a vessel; a riser adapted to be connected to subsea well
equipment and extending to the vessel; a tubular conductor mounted
Tstafiomapioratuamecand bt thaimider Wirrsetibing 3ORsK pR&XIPRY CmEliRfi®:an
opeppeg dndhwvwesselaaibeas ingnperibar anoubiabld ot iassalaydentedd other
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he riser; a plurality of hydro-pneumatic cylinder units, each having a piston,
vessghd i S Uinits being connected between the riser and the vessel for
ap PRy RassIe tesifrntisemeicceyhrisks APitalippiges|rit arpaksimepased
circus @iy astuexiettatilaag s omambowenipostion of the conductor; and a
shock absorber positioned around the conductor and mounted to the vessel
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oneSrIRRRLHEHASAIELIHE? BRTLIBING FROMRE RS TRECHBERIBES Her impacts
theUeRee ARdl MMeiRN8|d 1A mempparansracedreiitgauactant avaniereadhe
shatiealisoglzeo aprnpiis esisup rer dnduavesrarni tharf e sndmb agxihattared to
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and WHEre SAid' &t 16ast one resiient MEmber comprises a prurality' o - -Pace
circurgigra R pheiisHherangeteep e (ifMer BYsIRSaround and between the frame
members. 12. The apparatus according to claim 10, wherein the shock
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movable tlo%ar and aw%y from each othe qlong]a I?n itudinal axis ﬁ)f the
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member, and an operational position, which prevents the bottom frame member from passing
downwardly past the flange.

14. The apparatus according to claim 13, wherein while in the operational position and during a
maximum stroke of the cylinder units, an upper surface of each of the dogs contacts the bottom frame
member and a lower surface of each of the dogs contacts the flange.

15. The apparatus according to claim 13, wherein each of the dogs is pivotally mounted to the

bottom frame member and pivots between the installation position and the operational position.

16. The apparatus according to claim 10, wherein the shock absorber is mounted to a lower side

of the bearing member.

17. A method for reducing shock to a riser tensioner occurring during an extreme stroke position,
the riser tensioner being connected between a riser that extends from subsea well equipment through
an opening in a vessel, the riser being surrounded by a tubular conductor where the riser passes
through the opening, the method comprising:



an annular bottom frame member having a central opening larger in diameter

than an outer diameter of the flange; and a plurality of dogs mounted to the

bottom frame member and movable between an installation position, which

allows the flange to pass downwardly through the bottom frame member, and

an operational position, which prevents the bottom frame member from
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15. The apparatus according to claim 13, wherein each of the dogs is. .
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contBERHRIMBMEESoshionamethod for reducing shock to a riser tensioner

occurrin durlngnan extreme stro osition, . the riser tensioner bein
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absogieioerARgPTAIRg we8gkel, the riser being surrounded by a tubular conductor
where the riser passes through the opening, the method comprising: 9
providing a stop and a shock absorber and mounting them to the vessel and
to the conductor for axial movement relative to each other in response to
waves and/or currents, wherein the step of mounting the stop and the shock
absorber to the vessel comprises providing a flange on the conductor to
serve as the stop and mounting the shock absorber on the vessel, the shock
absorber having a central passage with an expanded installation position
and a contracted operational position, and wherein during installation the
stop is lowered through the passage in the shock absorber while the shock
absorber is in the expanded installation position, then the shock absorber is
placed in the contracted operational position; and during an extreme stroke
position of the riser tensioner, impacting the stop and the shock absorber
and absorbing shock. 10
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