SOFT STOP FOR MAXI MUM RI SER TENSI ONER STROKE
Cross-Reference to Related Application This
application clains priority to provisional application
60/ 892,166, filed February 28, 2007. Field of the
Invention This invention relates in general to riser
tensioners for offshore drilling and production
vessels and in particular to a stop mechani smt hat
cushi ons inpact during a maxinmmriser tensioner
stroke. Background of the Invention Ofshore well
oper at ISOFT STOP FOR MAXIMUM RISER TENSIONER STROKEdi ng
from subsea well equipnent on the sea floor to a
vessel or floating platformat the surface. During
drilling, a drilling riser is connected to the subsea
wel | head and extends to the drilling platform During
CrassrRefiesence toRelated ApPlication ser s i ght ext endi ng
fro I n S e r
O R S AR S G
Febmparg 28 d2MEt ween the riser and the opening in the
vessel through which the riser passes. Typically a
tubul ar conductor is nmounted to and surrounds the
Fieldof the Bamntiom nenbers, nor rral 'y roI I ers are mount ed

to the vessel an n

R, B0 TGN nsSElMBhEE robrhpye aing and
proEe&Rh vesseRanaNtipdratdis t6dtdpinechaiemitRateiEidnsam@é@Iduring a
currents. A tensioner assenbly having hydro-pneunmatic

méymum'éﬁer@nﬁogefgtr%nnect ed between the riser. As the
vessel noves toward and away fromthe subsea

wel | head, the cylinder units extend and retract to
Badgroundefshalnyentionf orm | evel of tension in the

ris e{)ﬁ Wldﬁgrat%ng uf‘@%f{péw?{ enﬁrgls]? mjﬁ%gké%gﬂﬂg from

cause uni
sybosa WEH)eqmpmem: dnitbe peasfl@mso b(ves;sehmr flmatingplatforn at the surface.

oL 55 B TR P Bl B 4R o e
diling pREOSS.. thrlngoweld@fmlgetidmlﬂrchlmﬁomrrlsér@ might extending from
su%%cleail \51vg|‘]eequ1pmle_r|gtlJ sSJc szals6u gga? tree Ior ma%d to the surface platform.
Guides are employed between the riser and the opening in the vessel through which
the riser passes. Typically a tubular conductor is mounted to and surrounds the riser.
Bearing members, normally rollers, are mounted to the vessel and engage the
conductor.

It is important to keep tension in these risers as the vessel rises and falls due to
wave movement and/or currents. A tensioner assembly having hydro-pneumatic
cylinder units is connected between the riser. As the vessel moves toward and away
from the subsea wellhead, the cylinder units extend and retract to keep a generally
uniform level of tension in the risers. Normally, the waves are not steep enough to
cause the cylinder units to reach a maximum stroke position where the pistons bottom
out on the cylinders. A possibility exists, however, that such waves could occur during

extreme weather, such as hurricanes. If so, damage could occur to the cylinders.
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In this invention, an apparatus is incorporated wth
the riser and vessel to reduce shock if the tensioner
reaches an extrene stroke position. A stop and a shock
absorber are used, one adapted to be nounted to the
vessel and the other to the conductor. The stop and

t he shock absorber are axially novable relative to
each other in response to waves and for currents, so
that during an extreme stroke position of the riser
tensi oner, the stop and the shock absorber inpact each
ot her for absorbing shock. The inpact of the stop and
t he shock absorber occur before the riser tensioner
SHMUMRYY tops out in the cylinder. In the preferred

embogl Efﬁﬂnveﬁtﬁﬁ\ %hoébpﬁﬁb?iﬁ’sf IsSﬁ@orEorEfe%n@i@h &t F&® and vessel to
conduct or, d fhe shock absor Is adapted to be

rqwgmsfmktfdhe te@sro@@rsr@acheuvﬁe exiremg strpke pasiioBr Astep i gshock
ab MR 8 4s&d, ohBea ?d;&} Bé mo-ﬁh dStBCE & v@%épéﬁr?lﬁfhe oth%r to the

conpri ses upper an wer annu rane ers
candectonv i stop anbihd shoak adserperf are mxneacmow:tblﬂelatme td eagb pther

g T S R S S5 A gr
rise® serisionsi, th@sth@ar&l meehbms@ﬂerbmmcmﬂesrpmdrbmgl shock.
TP dmpecs shesibiand (e Saockehtobr SRuenys teissh fersianer fston

tdéb@[]?ﬁﬁhetﬂﬁhﬁeﬁn outer dianeter of the flange A
lurality dogs are nounted to the lower fra

Im@ﬁmfeaﬁ@ ew@v@meet e flen gomArisesA féangatonéhe mue'ioarﬁnd the
kSBsd?ﬂ)ér(? agygé;dl fo! b%r]'QSurEQd @ ve%%ama ms efs*b'r@t‘égébly ona

e centra Int ower
Iowpeem phihalcopdistari Jrhle shmk:absprb@vewmsrlaehelpwmnddwqeraamular
r I e.
g RS e R AR AR ol D o ac BBt one
regitientt im@mbeanid bbasteﬁplmatwteémrthb fmmetmmber@urinmg tlee preferred
relative

d f th I
BRI 7 P, e G PEEETS PR e pgpaced Sround
theapbaciid biver frameenamsEper and a | ower surface of each
of the doqs contacts the flange to pass the i

{ or crefesably He TreminembeissaesaGial ongrings 'atgegmn%wtshthaﬂ an
oltBe dRhRYr B She MbAGY. € Alplliili§ &F di)%s‘é‘r@%ouﬂ%hrdt foathk Yower frame

sectioned, of a riser tensioner "having a shock
mpmgrzmd\mq@mtwe@ an installation position, which allows the flange to pass
downwardly through the central opening in the lower frame member, and an
operational position, which prevents the bottom frame member from passing
downwardly past the flange. The dogs preferably pivot between the installation position
and the operational position. 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 to pass the impact force to

the lower frame member.

Brief Description of the Drawings:
Figure 1 is a side view, partially sectioned, of a riser tensioner having a shock
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absorber in accordance with the invention and shown
during a normal operating position. Figure 2 is a

side view of the riser tensioner of Figure 1, shown in
a maxi mum extended position. Figure 3 is a side view
of the riser tensioner of Figure 1 shown in a maxinmm
contracted position. Figure 4 is an enlarged side view
of the | ower guide rollers and the shock absorber of
Figure 1, shown during installation of the conductor

of the riser tensioner. Figure 5is a further

a9 iccdrdéndealitly the divieatisrd ad 8ok daripgrat hermablopédating
shock absorber of Figure 1, shown after the conductor
PePNpeen i nserted through the shock absorber. Figure

6 | SFigurei K8 a\idRWi&H of the riseVRhsighEr e Figlrd 1, 8hswaa Fiakimum
shock™absorber of Figure 1, shown with the tensioner
extendedeposfign mum ext ended position. Figure 7 is a

pers [ Vi SW 1 r ;
ChockoaseE gl Ul of 8 el RngBHLAR il 8eBoBRh 3 Rbamum
cantmastedmpesitioar i ts maxi mum stroke position. Detail ed

Descgiption of the lnvention ' . i qu

e scFoien e ehidlar i il brcRebler RS O . e shock
atﬂ;bi’tielkl; bﬂgguren? élﬁﬂwrpdw'lthgdhétaﬂatibh ofitthieregnahucadriod thresrjseatetisioner.

may be one of several on the sane platfor Ri ser

{enshgHars a8 Sl gnimsedspat SpatpTE] Ui SfeuRoRion o the shock
atstefder 8flFih @RS, Rowm afer'the @6ndbdtor hBgbedi¥ihestetd thfoaigh teeshock

vessel or platformto subsea well equi pnent 15 on the

abseePer{ oor. Riser 13 may be a drilling riser for

dri | g ' hd | ! RIS hDHIS St5soFHRF

or od PR S 66, VBl the Y gHieR IGRTME RbLe isoltll of
Figureulh seewmeith lleertenbionsri inghe aaxigwps exdendageposiiosubsea

mani £.9l 0 r :

e A BB B ol USSR Biokpock asoroer
oft Aigurs llashawralvitintheetigen tensisheart nese its onaxinyae atrekp. pgsitiont

15 because of currents and waves. Riser tensioner

assenbly 11 is nounted between an upper deck 17 and a

Deglid Desdriptich of tHeventionl . Decks 17, 19 are a fixed
di stance apart and nove in unison with the

i cREoatERHS Jrsehtensinst rembheboBHlFed ohpRearagrifing
arRB&Y pri8uEB RSty 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 guide rollers 21 mounted to upper deck 17 and a lower
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whi ch conprise an upper set of guide rollers 21
mounted to upper deck 17 and a | ower

HOOSTON 2162860.1 3 set of guide rollers 23 nounted to
| oner deck 19. Riser tensioner assenbly 11 has a
conductor 25, which is a |arge dianeter pipe that
extends through guide rollers 21, 23 and is
stationary relative to riser 13. Vessel decks 19, 21
and upper and |ower guide rollers 21, 23 thus nove
relative to conductor 25. Conductor 25 has an upper

se@ Bl g@nbéwouersszar melsted t6 RWeF deck B, RitaHehdicse a?s?embly 11 has a
Conduct or has a stop that conprises an_  exter
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[ S et B L0 et cofhp
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extiernilifiadge 29 boated atitd Ib\yemdntRmen 13 extemcdnthtdmlgb uqilttmtor 2hend

lepgth. of riser £5s of f dec
a7 B Gt pH el B e s Bl § A e Ohdtor 2
coldBeambiinte@to thediessap fe iidiementthlerandy, andthel dudde roflers 211,523
enbodi ment | are nounted to upper deck 17 and extend

C%WPH“@F’WW&@F 13uide rollers 21 to a point above
| over, tHiR ekbddimefit, i i§ 8@ &?édntﬁ@al@’ﬁﬁeﬁﬁtﬁﬁl tEhddA tAstdhout the

cylinder 33 to top frame 27. uid pressure acts
lergjhi o gisen 13, @gél“m%t%fﬁw@ﬁ@ﬁt @We%éﬂ 39. f Bachaieet fensioger
t i St
asgﬂ'qalgﬁlrhggk O[ﬂ thg%ﬁ%ﬂr?f%H@Q%.Eyhﬁge@@ thaY' 19@99 ler"HbB&iment
aré mmtmoupaemmck |1§ end gégenad dowpwand £rom Qppergusllaascllers 21toa

o8 g PR AR LS s A o

frarhe 27 eﬁhlﬂﬁpﬂéeslﬁ'e abthlabanstra plbt@n Ivaithireaahpsytinder 33 for extending
ned

osj tion of F hock b 39 ti
arIRIreLBa Fch PistigShas 3ENG fi: PRI rried ot e BAme 27.
A dampB7att6p ﬁramblzvs:ldn@dser&eam mdperafﬁem ow posi tion for
the vessel, such as in the trough of a gwwave in a

seveh gaek pbsarhRia9 is mopnted tlowier gwﬁe rf&'ﬁbsc%@ Sherabserber
39 rﬁ% dr‘PUn@éHWHf‘Fﬂ%rvefs%e@i?\Qﬁﬁ%%b%H At Sivpfle HRE hérn;’a'f’ operatmg

extend to a naxi num stroke to maintain
pogision o&bigureris sbmckuabswrbslew is gosignedayeailsibpye flmempaééme lower

b h
engjtb?{c. ondL %{BO pg ° Elpwléﬁz '@y lfalt%gj?lgexﬁ‘gm%&%{h ?)oggérpfroﬁtﬁe vgf)shel such
asve feetrougb\af adhugaaavé ineEsevertedeariczak) Inetmmppsmm shéck abaorber
a]s gt t he cPefak of . )
39 Tands on conductor flange 29 and piston shafts 35 extend to a maximum length
stroke to maintain the desired tension in riser 13. Preferably, the impact of shock
absorber 39 on flange 29 occurs before the pistons top out in cylinders 33. Figure 3
shows the vessel moving away from subsea well equipment 15, such as at the peak of
a big wave. In this position, piston shafts 35 are fully retracted to avoid over
tensioning riser 13, and shock absorber 39 is located a full stroke distance above
conductor external flange 29. Alternately, shock absorber 39 could be mounted

stationarily on conductor 25 and a stop, such as flange 29, mounted on the vessel.
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a big wave. In this position, piston shafts 35 are
fully retracted to avoid over tensioning riser 13,
and shock absorber 39 is |ocated a full stroke

di stance above conductor external flange 29.

Al ternately, shock absorber 39 could be nounted
stationarily on conductor 25 and a stop, such as
flange 29, nounted on the vessel. HOUSTOM 2162860. 1
4 Referring to Figure 4, lower guide rollers 23 may be
of a variety of types. In this type, guide rollers 23

I ncl pEferring to'PiRare ! 18Wer dlidé@rsled 130MeY bPbh eaAe'iy oﬁg@hs In
of which extends around conductor 25 in a
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Ny N e
cohflugter 2cured to | ower plate 43 of Iovver guide rollers
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has a central hole 52 t hr qugh
suiabla o Sehanpyals. TEmEoAT 5L AT S Rp ek ptages simiar to

plé(t%§ Yhcas 'of']géidé PQlets 23] %baﬁﬁsméeigatsn\r@s taocehasl fﬁd]@BE (Fig: 5)
unber of retaining pins exfends between franes

thzrwghmhlctrbcqnéu@tprn% extends. f thn &@m@. 5lHs meyable yagically a short
GFHEC 0% 3 B il 5. | R nuBR! bPRBINRY pRE Bl tflen
framesed8) $1tth retaighbostonoframe 51 wdtht tomfiamend. SBach Aetainings8n &8 is

k55 R AL PO Rty R BB

eﬁérﬁﬁﬁthro@@h amivle hin Iqtmttbheframa&ll oA raltdBBnat theFHoger esd 4f each
and 7. FELgure sho bot.t om

refaining P'Oé3 %;amégaﬁt?m O'E'@ ﬁ%imWpr‘?sft{E’Hégﬁ@‘PettB{%Fame

49 MHich i & BdsRidn shéWh ﬁf ng@ﬂey ¢land 7. eti@ir8isnBons BELEM frame 51
coul d be nounted stati onarily to bottom frame 51 and

meyedeytivare reJative tlegetaining ping » 3t ampi@m%% QPR IUPPSF ReSition.
Alfé‘r?rggi ey, %’Ean‘hfj&bton%%@ ol HRGASurRELsthRsiRlf Lo BBEYRSFame 51 and

darrpen upwar d novenent of bottom
ememrcﬁlghtholesmmplﬂmne@top frame 49. In this

exanpl e qnsﬁaqigagse;e% reSHR &R Berd ot HBLLAH bEHhBEN FrlRUS b6 'ehd

Fexi
51 to dampen upward movement of bottom frame 51 to relative to top frame 49. In

this example, each damper comprises a tubular steel housing 57 containing a flexible
spring element 59. Spring element 59 may comprise an elastomeric member or a coil
spring and it initially protrudes from an open end of damper housing 57. In this
example, damper housing 57 is mounted to top frame 49 and damper spring element
59 extends downward and is biased into contact with bottom frame 51. However,
housing 57 and spring element 59 could be inverted, if desired. Figures 4 and 7 show
spring elements 59 protruding from housings 57 while Figure 6 shows spring elements

59 fully compressed within their housings 57.
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spring elenment 59. Spring elenent 59 may conprise an
el astoneric nmenber or a coil spring and it initially
protrudes froman open end of danper housing 57. In
this exanple, danper housing 57 is nounted to top
frame 49 and danper spring elenent 59 extends
downward and is biased into contact with bottom frane
51. However, housing 57 and spring elenment 59 could
be inverted, if desired. Figures 4 and 7 show spring
el ements 59 protrudi ng from housings 57 while Figure 6
tSROMﬁefﬁmnbrtl F&jmmr&)ck 28sdrbéd 39 sledrhaes prelality bhioad transfer
ei r _housin

HOUST 21 Ref
g8l OGS o HBIETalsal SRRSO SRSl Gt (S BEroce 05 PEgIn iame 51.
Ih ﬂﬁéje%ahﬁﬂbs &8¢h dd@]cﬂiscoﬁkns&%i%t%ﬂat@ﬂﬁt i 'ﬁlvBtHllmﬂbuﬁﬂéaQ@éiclews

around theé circunference of bottom frane .
62Rwarpivet pirb2hEarbglesis @melngté@r Qtherwise SSFLH?@tQﬂ’iaiOW% Side of

bcE‘tJ1 W?@Héeyvsllgoggehl h %} ﬂag L QYher %@:é & 1t Wh¥Rtin @f‘ué“oﬁ?:‘gtlonal

or ot W se secured
pcbsmmrofsﬁgmeesoﬁ -7 faass tdownivaechfor Bhgadeasnt Umgxter.tnahﬁ@® 29 when

57 th =

g gLl SRR b Bo g FrleB, et b ¥ Fes an

u ;fpﬁf ed?gl}ﬁG ﬁg%mgﬁac&&hum}zr side nShfmt;m frame Glmlhye ihthe epératlonal
e on, of Figure

PO An T eo0e dg.f Bach dest ok 8 icsell Spgsed tp Biurutel flamaper o

coratiéors Mﬂ@m&he%éu‘aﬁohﬁ pobifoiR.Pead@t day s anngivard-Bating’dam

i nner edg each dog 61 is _closely spaced to the
edﬂ?ﬁé’r'o@:ﬁt%ﬁr@d@luy Qﬂtwaé@ﬁ’éﬁbl?'k‘ﬁt PE56%hil e in the

Réf@ﬁ'fn@tté ﬁg@:l_? Flﬁ"etatrpﬂbg &2eh aﬁﬁn@tn’i@ﬁ piA QWEQdftéﬁiprfﬁhme 49

cat ed radi al outward from pivot pin
(FfSJS 4) Iaed exuendsgdmmwarg umte ahole 68 inehettora i@me151. alm the assembly

o S R e TR BB BIEEH o Flfen

pib 169 ik meddssedawitiinttoje 6.0 Adjustmenti pih L69thaateetﬂwr¢gdetl fsection that

ersaptt frurececiae egtp oot 8 4 Bindh s, 83Ement pin 60

mOGHsRWiRAEd #jathsbEanh aggee7( dSﬂd@g@Q do gRrkidoge! totate Blgag givot
a threaded hole in top frame 4

Pip 6P 49 the, °P§Eﬂt'9§@'rl?6ﬂ¥'°fbﬁf??"€9by %?@'sd 'H‘%ﬁﬁ&%ﬂ‘d’eég Adistmentpin
6?@9&@@ |n°ef d&ﬁ@d 9351&6?1 BAlGReffga %t YP(FiPUILGaiAtas) framﬁ 49,

pi vot pi to the operational position Shown by t
sol i luringrﬁ@sembly pf gear dersionadi Lita thewessel, fpwes guids religek &3jand

ngglélgbs%Frfétr h§ %IP&%&Q@H t%%aéh' &H%r?@ﬁ %u@téggﬁ }QIZ/\géer 95&@19 Hgure
1)t afrtise wassel blaﬂore mstdﬂatnomm‘saehdudtm Iguhaliestathationrmosigign sineivn
in Figure 4 and by the dotted lines of Figure 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 (Figure 1), lower guide rollers 23 and shock absorber 39. The freely pivotal
dogs 61 allow flange 29 to pass through shock absorber 39 as conductor 25 is lowered
even if flange 29 happens to contact inner edges 71. After the upper end of conductor

25 lands on tensioner top frame 27 (Fig. 1), the operator rotates adjustment pins 69,
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shock absorber 39 will be secured to each other and
mounted to | ower deck 19 (Figure 1) of the vesse
before installation of conductor 25. In the

installation position shown in Figure 4 and by the
dotted lines of Figure 5 each dog 61 is free to pivot
about its pivot pin 65 and will hang dowward by its
own weight. In this position, the inner dianeter

ci rcunscri bed by the inner edges 71 of dogs 61 is
greater than the outer dianeter of conductor flange
c&RBinglexianl deg 61 t@pivbsaiolens heeEsdet 650 NEhEupieP %69@66 @éntacts

rollers 21 (Figure 1%él|ower UI de rollers_23 and

therlgpgr %q%@frlqggl}ongfgamq- the orerptaswibtigiiten gy €19 41 HRes 61
will RBEferntif tfﬁ@§§er£t%%t‘9&1tﬁh%‘ﬁ@ﬁé§5@erTﬁ’e9nﬁ§r edges 71 will

conductor 25 is lowered even if” flange 29 happens to
defthetandnner dizareterdaaids smallenthaathe erier digraeteeafropguctor flange 29

arﬁ%ﬁﬁt% er%ﬁ rl t?m'é%%té?rbuén‘?&gﬁ ﬂg{%ﬁd&c‘tﬁ@r Jg 96528?1%6@93
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When upper ed
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arid gpward moveméat ()FV@seIZH)ecksDDZJSLQ&bIatm td cdrldactor 2Rreausei piston

t he erational position Fi -7.. The | nn
selgets 1 PN MAEPTHE GnARAL S et ISRdD o8 13- I the

dSWrMAra rmd\}@mént B%ré’éﬂeﬂbuéﬂ am‘etpegs.mé f&%ﬂgél@éb%brﬁel' 3966 irdShct
and slightly larger than the outer dianeter of

exdemalitange 22 9f eansiietor %rﬁgéhg\gn in Figwper RKefasring tHdguce 7, when
Io%?@&%é@%g%?d&@ds] %1 CORVEet é)ﬁ: Hl?a?ﬁ_e[gbt dh Geard go?éée#rorﬂrﬂgnge 29

ower dec as can be see
is ctl(anﬁfarredl threighueppsr ¢dges 6&§E¢gv@)y bottem fraone\bd ragd m@d@*npemsprmg

e oG5 ko ook o et vy BDEHEL bl 590 iren
dahesdrrspeing efesients 59 ard Ry cdl&pséd (Riduee 60lothewanardréoresrpadses
e PSS £t top PRG0S 8 e o 1
(

Fdeew).in Figure 2. Referring to Figure 7, when |ower
edges 67 of dogs 61 contact external flange 29, an
A%BWaY%SGF'dfséé frPFfbmefq'%WQeofzer Igrge pyaypsfecks 3& 1% myswpward

rePaQN@ ko E5HRIBEPSS, (alg'sﬁowﬁ y cﬁrﬁb{)sorlfldtﬁ‘%z ard §rWh|Er9m@9é'§3§1'bck

pring el ement’'s 59, ock and col | apse
abﬁpther A9 abongethe Iem@mahﬁ@n@m \Bastom diame &il mayes back down to the

lo L:re&%ﬂ on éég f’)rrglﬁﬁ\% ﬂo¥o ﬁ%%g% Rd éé:rhg& s@ny@ ?Ierﬁgfs Bg’né%ﬁgde

orce ou3|n
frmmﬂahqmehomgsmgdé?r ol I ers 23 to |l ower deck 19 (Figure

Thze) shock absorber reduces the possibility of damage occurring to the riser tensioner
cylinders because it stops extension of the tensioner cylinder units before the pistons
top out. The pivotal load transfer dogs facilitate installation of the riser conductor.

While the invention has been shown in only one of its forms, it should be apparent to
those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. For example, although the shock
absorber and stop only operation during maximum extension of the tensioner cylinder

units, similar arrangements could be used to restrict maximum contraction.
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As the vessel rises fromthe trough of the | arge wave,
decks 17, 19 nove upward relative to conductor 25, as
shown by conparing Figures 2 and 3, which noves shock
absorber 39 above the external flange 29. Bottom frane
51 noves back down to the |ower position (Fig. 7)
relative to top frane 49 and danper spring el enents 59
protrude from danper housings 57. The shock absorber
reduces the possibility of danmage occurring to the
riser tensioner cylinders because it stops extension
cnﬁnﬁhe tensioner cyIinder units before the pistons

out. The pivot al %éd transfer dogs facic{ui_t ate
11 Ma(ﬂpﬁ@[tlﬂ%fﬁr ucing shockde adiser fensioper oGgWEring duFiRg an extreme

stroReepdsitn, RS n?&et’én%\{é%daﬁte@%)’b@B&r@EteUttﬁat\ﬁ/éHrf@ risef that
shoul d be' apparent to those skil in the art that

extendssfrerptsubesa well eqdpmengithiodgl gs @@snmaurea tvessglthe gaparatus

@mﬁs wi t hout departing fromthe scope of the
Wentd on. For exanpl e, al though the shock absorber

and ettmmlambnydwpmtrmt iscadapitedite surneunidriipenisex waes tbe risdr passes

t he t nS| Qner . c nits, simlar arrangenents
thé%‘ﬂﬁh Sé’pﬁg'@% n[%ue Vggst% maxi mum cont racti on.
a s¥ap SN sHoZB Bffsotber, drlechieiny adhptetitoderasumitestofthe vessel and the

reduci ock t duri .
ol i Enuct e spod eshock nrhes BE G axeliomaraple iatve
tcﬁé’&ﬁtcﬁﬁ’erﬁ@laﬂﬁe t%Pﬂh@%‘dsQfﬂ tietoMIatoR dol thet durfdtan é?d%ﬁfé%roke

fromsubsea well equi pnment throug Jh an opening in

pesitionef the rigerdpsiangt. (18e step @ﬁfé ithe ﬁgxk abfiqﬁaﬁn"apafé @a@m@herr for

a&ﬁﬂﬁn%§h Eapted to surround the riser where the riser
passe rough the opening in the vessel; and a stop
and a shock absorber, one being adapted to be nounted

2 2?“8% régﬁ%ﬁfl%eéccﬁrg H%Iamq t h Fe(?n Héest&? P&HBM&E 'abffé?@e on the

absorbér el ng
congluetior,\and the sl labsdrberis addpiéd toabet moumed do the vaBsdl.he
conductor, so that during an extrene stroke position
of the riser tensioner, the stop and the shock

3 abﬁ@amfatumtm@a@maaﬁ hewhdrein thabep cbipdses dlekge éh a lower
The appar atus according to claim1, wherein the stop

enchpfifhe $8RdUStar| ange on t he conductor, and the shock
absorber is adapted to be nounted to the vessel.

4, The apparatus according to claim 1, wherein the shock absorber comprises:
upper and lower annular frame members that are movable toward and away
from each other; and

at least one resilient member between the frame members.

5. The apparatus according to claim 1, wherein the shock absorber comprises:
upper and lower annular frame members that are movable toward and away
from each other; and
a plurality of shock absorbing cylinders spaced circumferentially around and to
one the frame members, each of the cylinders having a resilient member that engages

the other of the frame members.
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3. The apparatus according to claim1l, wherein the
stop conprises a flange on a |lower end of the
conductor. 4. The apparatus according to claim1,
wherei n the shock absorber conprises: upper and | ower
annul ar frame nenbers that are novable toward and away
fromeach other; and at |east one resilient nenber

bet ween the frame nenbers. 5. The apparatus according
to claim1, wherein the shock absorber conprises:

upper and | ower annul ar franme nenbers that are novabl e
toward and away from each other; and a plurality of

shock absorbing cylinders spaced circunferentially
5aﬂ'89ﬁapaliﬁ'€ﬂ’staécor@ﬁét‘? faim LaWeeriBhber s, each of the

tf@&éﬂ‘&ﬁﬁﬁrs@@ﬁ! 'ﬂﬁﬂg@oﬁ Sdeér%HH oﬂﬁﬁ%ﬁdﬂidﬁéﬁ aﬁdﬂ%&%ck étﬁSrber
ot her of frame menbers. HOUSTOM 2162860. 1

CQi’@r{ZTEEﬁ&t us accor ding to claim1l, wherein: the st op
conp ﬁ§ Enﬂ%ﬂ@m Qr Ravir g"gsc.renﬁﬁpoﬂ%gmbh Qll‘)ig‘gj%?\‘se?érthan an

and sor nprises noanu
omten&emetmwfﬁ@ﬂiangemrrchl openi ng larger in diameter

of B PLraBtif iash OTHED 17 e Pk s APy BBl Bk an

inbigtiawarposition) whitiebli@td e flaage to puds dwhnwlarda,l theomghtthe central

flaneto assdvmvvardlythrouhthec ral openjn
ORI the EATRe MEMPER 2d A0 ORFTALYEN BRSRa IV i5h & aVEBIs the bottom

fr%é PRENRIER VR |§as"s’ﬂﬁ &%W@Fﬂly pasRERe flEgeer from passing

downwar dl'y past the flange. 7. The apparatus according
to claim6, wherein each of the dogs is pivotally

7. ”‘gl'éﬂe?éﬁéa ?thgaééaﬁdnfi Mﬁﬁré?ﬁ‘gadﬂ' \f%egdcfb%tlé’\ﬁgc?t?l?y{)lﬁ(.)unted

I on p05| on and the operati ona
toEthe Tlameapgrabertans pivotobeativeen the nmltdlam:lﬁs posﬂmmdrthwhpdzretional
[lw‘qhe operational position and during a maxi num
P&GRwar d novenent of the vessel relative to the ri ser,
an upper surface of each of the dogs contacts the
r rf f h of
8. ﬁ'ﬁe apprg?'%g accorcgj ing to 8a|m 6, vbjhergl% %vh?le |r(1a ﬁ\ce op%rational 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.

9. The apparatus according to claim 1, further comprising:
a plurality of rollers mounted to the shock absorber in rolling engagement with

the conductor.

10. The apparatus according to claim 1, wherein the shock absorber comprises:
upper and lower annular frame members that are movable toward and away
from each other, the upper annular frame member adapted to be mounted stationarily
to the vessel; and
a plurality of shock absorbing cylinders spaced circumferentially around and
_between the frame members, each of the cylinders having a resilient member that

HOUSTON\2162860.1 9



the dogs contacts the flange. 9. The apparatus
according to claiml, further conprising: a plurality
of rollers mounted to the shock absorber in rolling
engagenent with the conductor. 10. The apparatus
according to claim1, wherein the shock absorber
conprises: upper and | ower annul ar frame nmenbers that
are novabl e toward and away from each other, the
upper annul ar frame nenber adapted to be nounted
stationarily to the vessel; and a plurality of shock
emj,ageg Elh@@f oy Iﬂ'rahrrdaahf embess afrvrub ﬂierappaﬁaa{]sa‘nrfrthaihdomm"ls@s: gd
an et n the fr nmenbers, each of the cylinders
havi AgeLo! Falers MentedHBribE FPpar S Tosiaenans T&7liog epgegement
wRR@R0&ndoasr.of the frame nenbers; and the apparatus
further conprises: a set of roIIers mounted to the
upper franme nmenber and in rolling engagenent wth the

1f.°RH%§ﬁé’r£tus% e?f%rrﬂﬂﬁ%ﬁééé%élpcgpefﬁfo@ré&gg @ bsea wel |

operati ons n'pr Sl a ves apted to
be cawmesseled to subsea wel | equi pnmrent and extending to

h ' X

to- ot Plnted i A BerEO RS R b ARG ¥ the
vdsBelpugh an opening in the vessel; a bearing menber

o BB S o B o o PR e 5 coptr s
thr&lghtdnvébehmgtinend ¥e&6él; a plurality of hydro-pneumatic
cyl'inder units, each haV|ng a piston, the cylinder

a bearing m%@bﬂﬁ@%ﬁd@@@@%@@lmﬁdmﬁeonen%rforawasment with the
cdﬁ‘ﬁﬁ&@" ad fMe VRBR HoDEs fehitivh W tHetidepe riser, the

Inder units being spaced around the conductor an
a eburaintxnaﬂ hyfdrerpgreunoaticacylirdes Lniss eactohaving 2 pistano Heulinder units

o oBes hePRaR AL b 834 SRl B PERERIE R e e
cyfihderamits beingispadedearsumaictke @bsductoey  havi ng at | east one
resi :1,1r|1 e>pcernal 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.

12. The apparatus according to claim 11, wherein the shock absorber comprises:
upper and lower annular frame members that are movable toward and away
from each other along a longitudinal axis of the conductor, one of the frame members
being rigidly attached to the vessel; and wherein
said at least one resilient member comprises a plurality of resilient members
spaced circumferentially around and between the frame members.

13. The apparatus according to claim 11, wherein the shock absorber comprises:
upper and lower annular frame members that are movable toward and away

from each other along a longitudinal axis of the conductor, one of the frame members

HOUSTON2162860.1 10



menber for absorbi ng shock when the shock absorber

i npacts the external flange. 12. The apparatus
according to claim11l, wherein the shock absorber
conprises: upper and | ower annul ar frame nenbers that
are novable toward and away from each other along a

| ongi tudi nal axis of the conductor, one of the frane
menbers being rigidly attached to the vessel; and
wherein said at |east one resilient nmenber conprises a
plurality of resilient nenbers spaced

rigitly auatiRidan tthalésgelnbad pderitd bet ween the frane
nmenbers. 13. The apparatus accor di n

wher 8ith at feastsonsc resiBRloMeBPe ERRTSSe & p'U@EWe?f %‘ﬁ@ pRRRERINg
cﬂﬁ&léfk 3packl RIFBUNMRFENEERY 4rBakd BhEbetReam iR ﬁaﬁ@hﬁanﬂﬁ% anay

fromeach other along a |longitudinal axis of the
conductor, one of the frame nmenbers HOUSTON2162860. 1

T B SR P O B e

r’conpri ses a
shocén anumlnrtluottgm franhé meabsr Badirgeal caritrat qmm;'@latgeam diameter

tharound agdd % V\ﬁetﬁ hhe fra nmenbers. 14. The
QBﬁQroél'qur lARLET % P%® ' m 11, wherein the shock
ﬁbs 0 blaFaI|ngl§m8un@ﬂ t@matu)baommﬁﬁmrﬁb@:rmd rrmvbtﬂh ¢ between
aving. a central openin |arret
arb'aﬁfévﬁmwﬁém%ml W&ﬁ'@%%&@@ge MS% @YWO@QB%B@W
fraVR Reftbet, %nH AR oB&ratienal hosHiah, mmh%fe@nf.i tROYEEOE fradk WReer
an installation position, which all ows the flange to

frmﬁsmmvmrQIVtmngﬁlaﬂ% bottom franme menber, and
an operational position, which prevents the bot t om
frame nenber from passing downwardly past the fl ange.
15,5 Thehappagtes atasding ¢orctiimgl4, ovhdrein at of \the degs isayhtally

oI 0880450 BB BB A BB RO B

thaperatibeal @psitiat.i onal position. 16. The apparat us
according to claim14, wherein while in the
operational position and during a maxi mum stroke of

16. "heGpbhrElRr acttding to ABim P @Fhefdi vlkein@he &%?ﬂtldirfal ﬁdsttuon and
dogs contacts the bottom franme menber an

dyingramaxipuntsiake of the\e/lindyuntemmrerre sprﬁ@cefqa%egagé of the dogs

contacts the bottom frame member and a lower surface of each of the dogs contacts

the flange.

17. The apparatus according to claim 11, wherein the shock absorber is mounted to a

lower side of the bearing member.

18. 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:

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
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17. The apparatus according to claim11l, wherein the
shock absorber is mounted to a |ower side of the
beari ng menber. 18. A nethod 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 equi pnent

t hrough an opening in a vessel, the riser being
surrounded by a tubular conductor where the riser
passes through the opening, the nmethod conpri sing:
cirfants;dindg a stop and a shock absorber and nounting
themto the ve and %o t he conductor for axi al
AR RIS SOk Pos OB £t eci e ST e JoRe B Be Sidand the
gﬁﬁﬁabgﬂbahﬁkﬁﬂﬁ&%géﬁﬁggg 111 currents; and during an
extrenme stroke position of the riser tensioner,

i npacting the stop and the shock absorber and

19 et 203 g At TSR RERE I Rl Sledd s tne
shuick eb@ebertt@theh/esseernses povidingsa fiange iod thecoadfidtanrigeerya as

e R 6l Bine s Sk SpBet 978 "o hod aceor di ng

to claim 19, wherein the shock absorber has a centra

205 ThR SEethid Gpruit Eh AR 51 Phareir e theRR Sbiarhlt i 3, fentra
pasdsdevitidbh @Rpdnded fisefatich pesnnemdiadoftistted bperaBsRRpsition,
in the shock absorber while the shock absorber is in

anthe expanded installation position; and then the shock

In the shock
wﬁagﬁ{ ?ﬁnd st aqutglfgb%%gs ff%géoa%s@grp%r Bids8n the shoc
absorber while the shock absorber is in the expanded installation position; and

then the shock absorber is placed in the contracted operational position.
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