9 NOV 2004 WO 01/88323 PCT/US01/15623 1 AUTOVATED RI SER RECO L CONTROL
SYSTEM AND METHOD RELATED APPLI CATI ONS This application clains the benefit
under Title 35 of the United States Code 119(e) of U. S PloN @

Patent Application. No. 60/204,442, filed May 15, 2000. TECHNI CAL FI ELD
This invention relates generally to a systemand- 10 nethod for providing a
noti on-conpensated drilling rig platform Mre, particularly, the invention
rel ates tWOAHS83ZUt omat ed system and which can be used PETESAVISG!3 narine
riser disconnection events and riser- tensioner wireline.breaks in
conjunction with such a platform 15 {l STORY OF RELATED ART Drilling
operations conducted froma floating vessel require a flexible tensioning
syst em whi ch 0oFéFTECMASTETO RISBR URECQTTe QUNTBOLC SMATEN QRN edpwssob t he ocean
floor (at the 20 well head) and the rig,; or vessel The tensioning system
acts to reduce the effects of vessel heave with respect to the riser,

~control t RELATER ARRPIsf CHFHANS pl anned and unpl anned riser di sconnect
operations, and to This gppditheiqsailams rhechtesk ity undexpected bseaks or
faglts Inoﬂshg ik eaSeLUEL BT o1 ) obReanne sl B Ebaky BLpglct Snot oner
devi ces formt eart “énsi oni ng s St ave - desi gned

to assi stAPRL 1R 19 ANRye $OAR 0BT 443 s i \esh Maat 8Fs &QQ‘éChed to dr| I ling rigs,
especi aIIy with respect. to novenment caused by peri odi c vessel, 30 heave. A

- series ofrphesfod:enSiQRers, connected to the riser wusing cabl es and
sheaves, react to rel ati.ve -novenent_between the ocean floor and the vessel
by adjusting the cdbtié HENGPRICR or pbR PR %I FERETA AT ibPeldy effetmarand ensi on on

the risermetdd morbeprovidinsi anefstidypaaldnsadeql oaeﬂnm@alﬂl&_;' may be
35 used o RUARGNT AuSEIGhLEIAAhAIMHRC 18390 on® MPaYeB0U an

automated ' system: and method which can be used to control
marine riser discomnection events and riser - tens1oner
w1re11ne breaks in conjunctlon with such a platform
15 : _
' ' HISTORY OF RELATED ART ' . C . : '_ )’,

_ Drllllng operatlons conducted from a floatrng
- vessel requlre a flexible tensronlng SYStEHlWhlch operates to
, secure the riser conductor ‘between the ocean floor (at the
20 ~well head) and the rlg,'cr vessel. The tens1onlng system

. acts to reduce the effects of vessel heave with respect to

"the riser, ‘control the_effects of both,planned and unplanned
riser'disconnect‘operations, and to mitigate the problems
created by unexpected breaks “or fault$ in the riser
25 (herelnafter a "disconnect event"). ' -
.' _ Riser tengioner dev1ces,'wh1ch form the heart of
the ten51on1ng system have been de51gned to assist in the
'Jmanagement of riser conductors attached to drilling rigs,
esPec1ally'w1th.respect to movement caused by periodic vessel

30 "~ heave. A series of these tens1oners, connected to the riser
 using cables and sheaves, react to relative movement between

the ocean floor and the vessel by adjusting the cable length

to maintain a relatively constant tension on the riser. Any

number of tensioners, typically deployed in pairs, may be

35 used to suspend a single riser from the vessel.




WO 01/ 88323 PCT/ USOL/ 15623 2 Unexpected events may occur during offshore

drilling operations. These may be realized in the formof .. e&g'aﬂﬁr
wi reline breaks, severe storns, or other circunstances whic E é t he
vessel /rig operator to act 5 quickly to adjust the tension applied to the
~tTiser. The riser may al so becone di sconnected fromthe well head for
various reasons. The need to respond to an unexpected -riser disconnect
event or tensioner wreline break, and manage the 10 recail ten3|on or

"sl'i ngshot WO#%2Y on the vessel induced thereby,, provitd@@PHEDti vati on
to. devel op an. automated system and method to control the novenent of

i ndi vi dual tensioners. The system and 2ret hod shoul d operate by managi ng
the tension applied to the riser using the cables attached to 15 the riser
and the riser tensiobeexspeate@spevisets o mansiorrwan durisyl aof fataned

velocity emrmageapesfa@msngr MehesOf mdPee LANSTONRT Sty 1SHENE be

caused. by._a di sconnect ei& rken5| oner wrel 1 ne break. Thus, the
syst em and TE¥HEEEEho M F = HEsi (r)}ﬁeea S obRFVEREhd FHPTS . auPdmatdidiexsuch

that systemiz@uekeapnts whéchcaeqbixe ofthe eoporadi /g o @pmtahtmntumml y

managi ng aq:ul%sz@g}n%t aeg%t Qihd enShONe! a\%ﬁl@é&%é’r@ﬁ’é‘ &.»9 aqhmat ed
fashi on nore rapi al}yN\?éﬁ’ﬂre“ably t han IS‘H%‘&SS% usin ﬁuman %perators
25 SUMVARY T3ESTHE RPFA DN EL ERHIH TR GHiF ofReBeR s 4O ecor |
. control systedpuactemssna. pl urallty of fiser tensmners a vessel heave
- nmeasurement system . gd a,&Qnt i &re%sﬁaortbn af?! BGldlhale L0 %ation

wi th the heave neasurenent s¥stem 30 and er tensigners.
. tensioner EFHB%%C%eb’eé’t 3n® t'?%‘i‘/%}m}eﬁd]"'i:ﬁ? :fn R L) rﬁ’é‘iid%@a@epft?ﬁon
trafel sigmektoid témsigm ovesSelingdhdte teHfif evdss sl theawe aseds unenestl syst em

provi-des anbgane, vg&eﬂaassm@almaeaata@oar cttaeS§@&elaB1€aHr %%%%ageeﬁvnl tors

each. of ‘the |ston ra av, vel ocl 1
t y~si gnal E\%mt é'ﬁ%e‘mdto tQef g’PﬁFﬁé \Eﬁ?@tﬁ‘é‘?v%{neﬁ‘rtes‘éf ét"él&vl’réﬁﬁ%r of
pi ston traVeh51oners The systenland method should operate by'managlng_
the tension applled to the riser using the cables attached to
i5 the riser and the xiser tensioners in response to sensing an
- irregular travel velocitytexpefienced by one or wmore of the
tensioners"sﬁch as may be caused by a disconnect event or
,ten51onex'w1re11ne break. Thus, the system and method should
be 51mple, robust and fully automatlc, such that system
20 ‘elements are capable of respondlng to and contlnuously
managlng a dlsconnect event or'ten91oner wireline break in an
automated fashlon.more rapidly and rellably'than is possible

" using human operators

25 , SUMMARY OF THE INVENTION ) .
- - In one embodlment the eutomated riser receil
. control system 1ncludes a plurality of riser tensioners, a
vessel heave measurement system, and a control processor. in
electrical communication w1th the heave measurement system_
- 30 and the riser ten81oners Bach tens;oner 1nc1udes a piston
-travel indicator which provides a pistoh'travel signal to the
Processor, while the vessel heave measurement system provides

a heave velocity signal to the processor.
The processor monitors each of the piston travel

35 51gnals aIOng’WItTTthé“heavE velocity gignal so a8 to be able
to determine whether a preselected number of piston travel



I 6 3 9 Nov 2U WD 01/88323 PCT/ US01/ 15623 3 velocities (determ ned fromthe
pi ston travel signals) exceed the vessel, heave velocity by sone critical
velocity difference. For exanple, if sixteen riser tensioners are used to
suspend the marine riser fromthe heaving vessel, and 5 ap ¥ei8Y 20dr of
the tensioners show a piston travel velocity which exceeds the heave

vel ocity by nore than about one foot per second (value is typically

bet ween abeuii/sgb feet/second cable speed or about 1. 25dmesoiasesnd

t ensi oner piston velocity), then the processor,' which is in controlling
10 conmuni cation with each one of the riser tensioners, can react by
controlling the force applied to..the Tiser by controlling the rate of

fluid flOV\(ré’!chtriernQdQEeﬂ?{ﬁe@ffztol&?thé%%t%eﬁz?avgi/@ Q%%I ah¥%) eacde@f the
riser tenS| oners in Iu es an accunul| at or chanber i nd end the

t ensi oner )*2hd 5 FKe ¢ Y (r 58 eﬁ8m§|d8r6F1Fﬁe t%ﬁ%?%ﬁﬁw) and
the fluid d:tfﬂmemsecontﬂ'cm | egampidi nif heiptestronrimre caasberiersTaareont r ol

fhe f1uld [doyeoal@blhd G GALLAL! £dd Wl BhY SdafrsgdyyBecall y flaced in

fluid comunicati on Wt gls on bore chanber. er contro
noveEnment . Gt tlﬁeSFeﬁg%rféfr th&n eaﬁim%ﬁﬁeep VaIRAS R ttfﬁwem $Lefidaed in
fluid comuictatixoredsi tie tHsa e e tlcd t gr by hesdee it hamd abobanckn@ffdutgh

pressure ajd, fs%}ébhﬂd%él ?T egee W gveep&éeﬂ aﬁ:%u@dhu%t fé&g/ 1. Qi thin

which the ori.fice-contr 2 alr shut q es are
cl osed. FiSf&Hey, S?%e‘ﬂaré%?enﬁb@}ﬂ:ré’re?%%ﬁ’é geqgpnd tﬁ@nlséﬁ’E‘FBné?lSté’n fluid

vol unme | spe;esdo@:dnybol tiadive tigy akscessmt, t ehlich tid hdnvotometalilc ricat e of
flyyd f'Ovaohﬂmﬁmsaeaéﬁoomhoreea&ba@erﬁfp%escmes}g USRIy d Tl ow

rate Wi t hi tensioner, -30 I n anot her enbodi nent d for
adj ust i ng T&ACT| A8t CERETBHLERE (Hifsi BFGor 8BBE el ited %@etﬁeS?En§Dbners to
the ri ser cbnclruﬁjla$ng hehestﬁpse afE cféhednfhmmgmtﬂiampsbonrt mmlof the

tensioners.
Typically, each of the'riser~tensioners includes an

15 . accumulator chamber (blind end of the tensioner) and a pisﬁén
R bore chamber {rod end side of the teﬁsionér), and the fluid
.flow is .controlled Within. the piston bore chamber. To
éontrol the fluid flow, an orifice-controlled fluid:valve is
| typically placed in fluid commmication with the piston bore
20 chamber. To further control movement of thé'tensioner an
| air shutoff valve is typically placed in fluld communlcatlon
with the accumulatoxr chamber and a bank of hlgh pressure air
cylinders. Timers may be applied to adjust the time within
. which the orifice-controlled fluid valves and air shutoff
25 valves are closed. Finally, to prevent extreme movement of
the tensioner, a fluid volume speed controllvalve‘may also
act to limit the volumetric rate of fluid flow in the piston
bore chamber upon sensing an extreme fluid flow rate within

the tensioner. _ o
30 In another embodiment, a method for adjusting at
least one of the tension forces applied by the tensioners to
the riser includes the steps of'determining_the piston travel
velocity for each riser tensioner, ‘measuring the heave
velocity of the vessel, calculating the velocity*differences

35 between each of the piston travel velocities and the heave

velocity, and adjusting the tension force after determining




velocity for each riser tensioner, neasuring the heave velocity of the
vessel, calculating the velocity differences 35 between each of the piston
travel velocities and the heave velocity, and adjusting the_ Epﬁ%ﬂ orce
after determining 9 Nov 2004 WD 01/88323 PCT/USO /15623 4 1.} 0

35 that sone presel ected nunber of the velocity differences exceeds a
preselected critical velocity difference (selected by the operator).

Agai n, con s t he tension force is typically effect(;, T%S‘ﬁ’ﬁ“g;tl i ng

the rate o 05% dAst one fluid flow w thin one or nore O rality of

riser tensioners. Air 'shutoff valves, orifice-controlled fluid valves,
and fluid volune speed control valves & e all used as previously

descri bed. J?FlEF DESCRI PTI ON OF. THE DRAW NGS. A nDre conpl et e under st andi ng
of the strUdtilr W PHPETHEFIORT o UFREY pPESERE MRIETEaNn Feffarennas by
reference texceede & obtens reg-icet a:medceléswaﬂqurtgndiﬂieﬁemcme COd lettdpn Wi th

Lhe acconpafyiiie Uibhies) WISl FIMES | kS cRePLANAL I dB Ml ey of tLhe

automated ri ser rec0| contro rt_Tytﬁ_temo the present tnvention mounted to
a heavi ng V@®ERMY oREWRFERDa PiatiPrEtEI 309 FRe stRpRNBEd2E Regsteone s a
cl ose- up peflspdcifilver wihhiof enet ypi ealrer icferteensieper ity Noduali se@r M) ;

Figure 3 | gasschepmli ¢ lockdl oty 3 fled N AHQERLELLLESLa Iught | On:
and. recoil control system e present 4. ow C art |agram(ﬁ
t he net hod V&F'Lves, and fluid volume speed control valves are all used as

previously described.

10 BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understandlng of the structure and
operat:r.on of the present invention may be had by reference to
the following detailed desc:r:l.ptlon taken in conjunctlon with
the accompanylng draw1ngs where1n ' _

15 Flgure 1 is a planar side view of the automated
riser recoil control system of the present 1nvent10n mounted

to a heav:l.ng vessel from wh:.ch a marine riser is suspended;
Flgure 2 is a close -up perspectlve view of a.

typ:.cal riser tensioner (:Ln dual form) ;

20 : - Figure 3 is a schematic block diagram of the

.‘ a\:ltc)_matssad= risér recoil control system "of the present
invention; and . S
Flgure 4 1s ‘a flow chart dlagram of the method of

the present invention.

25
- DETAILED DESCRIPTION OF PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS o S
' Referring now to Figure 1, it can be seen that the
automated riser recoil control system "'(1_0) of the present .
30 invention includes a plurality of riser tensioners (20) in

mechanic‘al communication with a heaving vessel (30) and a
tnarine rizer (60)}. EREach one of the tensioners (20) applies
a corresponding individual tension force (F1, F2) to the-
riser (60) undex heaving conditioﬁs, ‘as the vessel (30)
———35——%—respends~t9—oGaa-n—wa:v-e—mevemem;.————'llhe—tens-j;en—ﬁé-ree-s-——(-F—l 7
F2) are substantially proportional to the rate of at least



the present invention. Figure DETAI LED DESCRI PTI ON OF PRESENTL f@E% RED
EXEMPLARY EMBODI MENTS Referring nowto Figure 1, it can be sé t“’t he
automated riser recoil control system (10) of the present invention
includes a plurality of riser tensioners (20) in mechanical comunication
with a heaving vessel (30) and a marine riser (60). Each one of the

tensi oners (20) applies a corresponding individual tension force (FI, F2)
to the- riV¥@pPL§88®) under heavi ng conditions, as the vessRIT/UHQ)15623
e&ponds~---to---o0cean- wa-ve----novenent . The tens-ia or-ces---_---( F-3;
F2) are substantially proportlonal to the rate of at |east -9 NOV 2004 WO
01/ 88323 PCT/ US01/ 15623 5 one fluid flow within the tensioner. For a nore
detail ed wvhewfdhidnfilodi witdhah theerensitgiconer ,Fais shovnei detadlali-

tensi oner ¥§é§'8f‘ aﬁeﬁn&mﬁeﬁ riH3 E@ﬂb!i:ﬂé’@' L4 SBEo e Opeg§,{20) . are
5 substanti al | uivalent to, or identlca e cable tensiorners.

di scl osed Ff® %‘e St Wos Se, BETUDB 2 -and/ or 4, 638, 978 (i ncor por at ed
~herein by reference The t hendlvEMaI et yliseFachtensiemedrensi gnef (2&enmay al so
be gimlar wstél{tlafi?}}'égbﬂré’l f ;Jge t;églsal%qr Se.d hatt]bgakg ), the dual

10 ten5| oner depi ct gure pur chased from iSco
| nt er nat | oh#Rsiquexs Aigghagest Pay tv 1\% %235?;2 Nogs: c%vr?51bé*’€s]ee?fl¢rfﬁ3é clearly

in Figure 2,6emcvai SE]I’ncd:t@:l’t]ﬁ:ia@B&r hatdin ndbwdeseferteaiisd onar pilsdinn travel
i ndi cat or er(t[?@ety}nl ChelBh BEod: Wdidibne- CeoMiGay) Q‘?%SSHQ PLigif & dlstance 15

travel signa EI ston wt e fension travel
a

i ndi cat or ¢* 2pe Wal SoRER PH fhber BERS BIner s, &G M9 ﬁe‘é%u‘?@réiﬂa]dew ce,

or 1@n -accetersicneir Mepdatedenh Fiayiwe2, whiahymeyeb¢  pidehdgeaalefrdmdi cat or
(27) proviglas. a %&'ﬁ@%a’c%bﬁ{[‘ 1%‘% Caa?%e‘c@ﬁotf’é‘i‘@'n&f 1543 Ston within the
tensi oner 20 (20) as .the ca 40 rmves |n reaved engagenent with the
sheaves (50) and t h&SrF&RrPg GEFDR “FPFée (CLEEF 1Y R i TiiTe( 29) each riser

tensioner (20) 1nc1udes a tensioner plStOIl travel indicator

(27) wh:Lch may be a w1re11ne encoder that supplles a dlstance
15 | travel signal for. the p:l.ston within the tensioner (20) The.
' travel indicator- (2'7) may ‘also take’ the form of a veloecity
“measurement dev:.ce,‘ or an accelerat:.on measurement device.
In any *‘event, the travel 1ndlca_tor (27) provides a signal
whieh indicates the travel of th'el piston f‘w:i.thin the tensioner
20 (20) as the cable (40) moves in reaved engagement with the
sheaves (50) and the riser (60). - The riser tensioner (20) '
typically  includes = an accumulator chamber in fluid
communlcatlon with an air shutoff valve (110) and a piston
bore chamber in fluid cormrrun:r.catlon w:Lth an orifice—-
25 controlled fluld 'x}alve (120). To prevent extreme movement of
the tensioner. plston, a fluid volume speed control valve
(130) is often inserted between the orlflce controlled fluid
valve (120) and the piston . bore chamber of the tensioner .
(20} . The ‘op‘erational deﬁaiis of the speed control valve
30 | (130) are more fully described in ‘U.S. Patent .App. No.
08/733,227  {incorporated herein by' reference in its

; eﬁtirety) . ' '
The air shutoff valve (110) may be eguivalent to or
identical to Retesco I.nternational, L.P. Part No. 113045. The

35 ‘orifice—control fluid valve (120) may be eguivalent to or

identical to Retsco International, L.P. Part No. 113001.



typically includes . an accunul ator chanber in fluid conmmunication with an

air shutoff valve (110) and a piston bore chanber in fluid gpgnw@“gﬁm%on
with an orifice 25 controlled fluid valve (120). To. prevent e th

novenent of the..tensioner. piston, a fluid volune speed control valve
(130) is often inserted between the orifice-controlled fluid valve (120)
and the piston bore chanber of the tensioner (20). The operational details
of the speed control valve 30 (130) are nore fully described in U S. Patent
App. No. Y82¥832557 (incorporated herein by reference i FG{EOVEHE rety).
The air shutoff ‘valve (110) may be equivalent to or identical to Retsco
International, L.P. Part No. 113045. The - 35 orifice-control fluid valve

(120) may be-equivalent to or identical to Retsco International; L.P. Part
No. 113001FigaNyo §heodhuigh 1Al ees mpeedr/aosnrolsszd ve Fi3al | ywayvt ke f1 uid

vol une ' spegdieamdnolcoy ok viddtd®al RS cETHahabioha1 Oy idletk¢al to
Ret sco Intﬁgn %ﬁgﬁ?, L.P. Part No. 113102. Thus, as .can be seen in Figure
1, the autonate Tiser recoil system (10) operates to control the
tension forces (Fl TI®, agploan ko s¢rn rineFigens dsi mdet Ratosbied (40).

in seaved engagesepbini kRsthl SNERVepelrafrs0ftd heont £NE1 OREN $eh2Qbn t he
downt urn s?ggg&; 5),F nqit g ﬁgrt %60.. 10%&3 hbrnallﬁ as %ge vesse
(30) heaves-Up and doviri inPE%e§ﬁ% et &3 & NSvEFentS £RBIEENsi oners
(20) respok#®) i Ana FREE eehgadereanthywptlayithe osleeaors t dkPhg @b, thabl e (40)
in phase wWihsidier®OVEr®Nt e tHS8nU8ESEIsHMNes TIHS) f €St Shel RikAS
application_of substantially even forces (FI, F2) to the riser as it is

- suspended f?~nﬁa vessel (30) and: connected to the well head. (80). However,
at 1fi nes,, one or nbcemsilyheagdifieeyecse) (30) heaves up and down in

response to ocean wave movement, the tensioners (20) respond
- in a passi#e fashion_by'playing oﬁt, or taking up, cable (40)
in.phaSe with_the‘mpvement of the vessel (30). This results
in the application of substéntially even forces (Fl, F2) to
15 - the riser as it is suspended from a vessel (30) and connected
to the wellhead. (80). - o .
Howeﬁer, at times, one or more of the cables (40)
will break, causing a substantial imbalance in the tension
‘ forées (F1, F2). As the applied tension féfce from each
200 . tensi@ner (20) dis relatively large (e.g.,'each tensioner
supplies about 100,000 1lbs. of force}, the tensioner piston
_subﬁééted Ito the wireline bre'akr ,W'ill Itend to move guite
rapidly in ;eéction to the resultin§ _1ack ~of tension.
_ Moreover, in other circumstances, the marine fiser“may'become'
25 cﬁscbnnécted'from the wellhead (80) due to unanticipated
causes, or as a planned_eveht (e.g., it is necessary to move
" the vessel (30) rapidly'away‘from the drilling site in order
to'avoid.a severe storm or other events).
- ' When the control processor (70), in.K electrical
‘30 ' communication with each one of the tensioner piston travel
indicators (27) and the vessel heave measurement system
(210), determines that one or more of the tensioners (20) has
begun to move in such an uncontrolled fashion, the processor
(70} begins to take action to cohtrol the.forces (Fl, F2)

appiied—to—the—riser—(60)=

L
Lh

For ekample, referring now to Figure 3, it can be



wi |l break, causing a substantial inbalance. in the tension forces (Fl,
F2). As the applied tension force fromeach 20 tensioner (20).95 \?Igmvely
| arge (e.g., each tensioner supplies about 100,000 Ibs. of forceg t he
tensi oner piston subjected to the wireline break will tend to nove quite
rapidly in reaction to the resulting lack of tension. Moreover, in other
circunstances, the marine riser may becone, 25 disconnected fromthe

wel | head MRBVS8¥8 to unanticipated causes, or as -.a plBrHEEP1A3AL (e.g.,
it is necessary to nove the vessel (30) rapidly away fromthe drilling
site in order to avoid a severe stormor other events) \Wen the control
processor (70), in. electrical 30 comunication with each one of the

t ensi oner gwEet othetagelch indivaderl t2picnet t(R€) vevprl ideaw epihstasur enent

system (3hQlverdesfirines2bhatisQng Mol Rk ibhe tieRsi @@@rsté>20c)hé1as

begun to nove:in sugﬁ ?n u(ﬁ:]ontro ghf ashi-o J:{% rocezgs) (Q begi ns
Lot ake adBGRorBTednP o | Phabhgeccthprria ) Sl gBras 147] gray
the-risezxeplaGey Fyr axappbeimebérrpirngmnaeded cogater3to tpwanide - 9 N O
f 2004 VO Q4383843 aaqvl&s%aé@a%tloae%aghmg qrz@l? e dyaly o Gtﬂ?é oner
{20) supplies a gl ston. trave sqrﬁ% %’5%' usin ni cﬁ;ﬁgn Ine (26) to
the proc®LEGESE?8).7& &% efy S ndi m?"[?) RF&VS epl aced.
by a vel omemsheementaﬁyateml deamt gravedprow dedyey stadsidiyyarmdigmral

-accel erati 9&5§' anhﬁe @%&e@gwcwm topblieveP! 0GGSSOL 67y aS He36S 1 bed

above. Siml.arl measyr.enent system( rovi heave
vel ocity ?P&nﬁ?’gt?‘?‘iﬁvatﬁa&r? 5 O%Vé‘\}gﬁ %t ﬁ’ér‘g’edrag Yrany
selfsor s- ahdchysdm msrewiald aﬂbks@anaadalkdthm attqwetlmrsmgmﬂ@chllm {he)art, 10
whi ch canegr %ﬂedepﬁbéégg&_e ane} Orf::%ﬁperll?é ahe%eshﬁﬁéh§emeﬁglé ek the

processeor om the heave tem Si nqe he vessel

heave moadtiBhen? “PS5o EBm PFRPELI PYVE rBFUASTHL G o RS

accel er ormnelsdemdcnae bbx amdprs2 urlnl—ta?cs«@ﬂsapcebap@wtﬁm arpt @céssaxlwhl ch

- cal cul at eélﬂeaysmséé BbhsTednth r&'br@éegéf&wae&ei ca_ﬂ&l\h‘-iat@fst %Iaa_aaepl ston
dH§tance t%éﬁ :n& éHEH éf) hgléégge¥6|%ﬁl Eggglé plsé)n dlstance

: travel ‘51gnal {or piston velocmty 51gna1 or piston

' acceleratlon gignal), is received: by the processor (70), it
is converted_to a ve1001ty signal (as needed) and compared
with the veloCity_.signal‘ (215) provided by the heave

20 : measurement‘eystem (210) . Of course, in a similar fashion,

- the heave meaeuremeﬁt system (210) may provide a distance
signal or accelerafion signal, which may be converted into a
‘velocity signal, as needed. The precessor'(70), in turn, is
thus in eiectriéal"comﬁunicetion with each one of the

25 tensioner pieton travel indicators (27) and the vessel heave

' _ measurement system (210) and is thereby enabled to monitor
-each of the plston travel 51gnals (28) and the heave velocity
51gnal (215) . : ‘ .
‘ It should be noted that numerous other control and
30. communlcatlon signal lines (29, 179 and_lBl) can be used to
place the processor (70) in contrelling communication {i.e.,

electrical, mechanical, hydraulic, or some combination of

‘these) with ahy number of other tensioners (20'). Thus, for
example, the tensioner (20') can supply a piston travel
35 signal to the processoxr (70) using the signal line (181).

The tensioner (20') may, in turn, be controllied by the




acceleration signal), is received: by the processor (70), it 1is converted
to a velocity signal (as needed) and conpared wth the veIocLIg @bgn%m4
(215) provided by the heave 20 neasurenent system (210). O course,; 'ifia
simlar fashion, the heave neasurenent system (210) may provide a distance
signal or acceleration signal, which may be converted into a velocity
signal, as needed.. The processor (70), in turn, is thus in electrical
comuni catygn Mk each one of the 25 tensioner piston trgM@seifishgat ors
(27) and the vessel heave neasurenent system (210) and is thereby enabl ed
to monitor each of the piston travel signals (28) ' and the heave velocity

signal (215).. It should be noted thaté%unerous ot her- control and 30.
comuni cat i,QR~sE@R3! {Fd1es, ;3 9 and 481 eqd. o _ place the
processor (70) |t'3n con{ rogl ﬁsﬁg%cd:}ln%una?lcr}gtl on o(fl%éerb.o?ﬁréﬁegftarlivgalsjl%%ani cal

hydr aul i ¢, 1éPesbhe® Lot &€l R bice 1qrseridethi i vadtersignat Hame

t ensi oners {(3Q)) . Ihyslnufnbér 6K argal i oridie: t(a;osi oney éé’hxo'lz)e cgﬂrzﬁcagtaamry'( a )

piston tra Lgna ] e i e,signal line (181

Phe tensi osercPoyE a0 poliubiBaPI AT 036, LAD) AiBL0e00® TINED wule Vo

01/ 88323 PERPSON+ 15523 8 processor (70) using the air shutoff control

\(/fig\{;a siAgna.l li ne giﬁ&ieﬂé@e_ Ihﬁné&foiﬁﬁzs%?réIHHirt? Icﬂfl tfﬂegip_(is‘téhVe(l%ic?P?J l'ine
. Any_ nupber nsi. oner.s , c e placed in_ controlling

Cormuni cal AR FOFhESRPOREE of 2 (ot &1 & et en " rREPBroRE, | when

t he vel oci Ejeofhaaiee pmsEsHTreTony sMstiterm (R0t el obere ( 20eselestds! t he

vel oc: ty neastiesl byelbhetheaverseas S ¢& eqeng . syshener{ 24631 pyla.§Q@E|is < 10
pregel ected ¢ al_: cit i.fference (e.0. ,.the critic val ye is
tyglﬁcal |y g’é?le%iejd’?bge;(%%gﬁeg%% o}%e tcéPebreaq:bée V\tg)er]i" eag)&ﬁ"’ EEFGE%PB& %s" cond of
cabl e (40)fspoererndbefit cabks fé@)/ spesfdorpiadevh JelBcifep)/sekengr ocessor
(70) cart oppswie ¢OlsONEy¥)0l tHherbhubdot24y0f | @ Wodtatet Re tensiener (20),

typically (sipg.ihe @) igscontaold ednl! vidoyalye (160) toogantnol the

A using the orifice-controlled fluid valve (120) to control the

15 fluid flow (24) within the piston bore chamber (23) . The

processor (70) may also operate to control the air shutoff

valve (110), which controls the flow of air from the bank of

cylinders (140) and the accumilator chamber (25) of the
tensioner (20}. .

20 ) . For example, the processor (70) may send a

throttling signal (178) to the orifice-control fluid valwve

" (120} to adjust the valve (120) opéning, which regulates the

flow of fluid from the accumulator (160) into and out of the

piston bore chamber (23). For additional flexibility, a

25 delay timer (180) can be used to delay the onset of valve

closure for the .valve (120) from the time that the signal

~ {178) is asserted by the processbr (70} . Similarly, the

processoxr (70) rﬁay send a signal (177) to the air shutoff

‘valve (110) to isolate the accumulator chamber (25) within

30 the tensioner (20) from the air bank (140). Again, for

additional flexibility, a delay timer (170) may be inserted

into the communication line be‘tween the processor (70) and

the valve (110) so as to delay the onset of the azir valwve

(110) closure from the time the signal (177) is asserted.

35 For reference purpcoses, the signals {177', 178') represent

-delayed signals (177, 178) respectively. Although not shown



15 fluid flow (24) within the piston bore chanber (23). The processor (70)
may al so operate to control the *air shutoff valve (110), V\/m i‘gﬁptzmjrs
the flow of air fromthe bank of cylinders (140) and the accurul'at'or
chanmber (25) of the tensioner (20). 20 For exanple, the processor (70) may
.send a throttling signal (178) to the orifice-control fluid valve (120)
to adjust the valve (120) opening, which regulates the flow of fluid from
t he accumY@Pu¥8333160) into and out of the piston bore JHIHBWI1623). For
additional flexibility, a 25 delay tinmer (180) can be used to delay the
onset of valve <closure for the valve (820) fromthe tinme that the signal
(178) is asserted by the processor (70). Similarly, the processor (70) may
send a. si gnatl Figu7d)3 t @ddicianalshinafd mayabhiso (Hd Gndeatiesoliate the

| at t t f bank
e et i 10,y TR B b

inserted i fifo zteFFé"cd?ﬁru’f‘l‘P?éaPFB‘ﬁrl i"ﬁé“ﬁeﬁﬁé@ﬁ ?ﬂe%ﬁr&‘é’@ssﬁ)‘&fs"{%) (éﬁéi t he

val ve (110) operasoto del ay the onset of the air valve (110) cl osure from

the sime the signal (AZD) s ARSEE! Pl ForoeletengecRir pases; Lhe

signal s 1771 1782 repres aye S|gna ( res
Al t hough noftshERFE PO SRFELWEPHTF 848DR %ﬁéfﬁqysellﬁsvazg 9 P%um};me 3,

addi ti onal ¢f mesrssimy falreesb¢ri nSEAt ethpildba-bheche eamdRbaakEonzb) nes (179,
181). The ti o C t I eI ected b
) E&% MmASLRY RSLL gé%g;%pnﬁs 3880, ggewt}%d1g,ﬁg\iﬁ USe SEeS y

the system q)) oper at or .- now t o ure

adj usti ng b agtthy feteamdngRof EJP%eP-'(EFiﬂn é’é]aé'éﬁeﬁei?%%% fporatity  of
t ensd on f oreBstid| terRorsnm i (@) bysehe tbenaspand st Bider (39 Mardde riser

(50) can begeefgsthe (%t)hOdAQeﬁgéHT?l@lﬁe@ta%vegA'les %%%#ffr Janing the

pi ston travel vel ocities for he tensioners 1Y suspend
the riser' 56 MSGHERE LBE RISt traNel SAePahe cSEVES Q1855 cal |y
occurs af t:mdnrced:@ixw(ag)th’etqmmmrtd eavhl oﬁltgnalt&nsmpnéred(im)om thes

method contlnues in step (410) with measurlng "the heave
15 7 _veloc1ty expe:r:l.enced by the heaving vessel (30) as it reacts
- to wave motion. 'I‘Ihe_,heave velocity ZLSV typically determined
. by the processor (70) using the signal supplied from the
heave measurement system (210), which indicates the heave
velocuty of the vessel (30) . ' o
20 The method then cont:l.nues by calculating a
' plurallty of veloc:Lty dlfferences, whera:.n each one of the’
velocity differences corresPoands to the dlfference between a -
selected one of the piston travel velocities and the heave
_ velocity. This occurs in step (420). Finally, if a selected
25 . number ‘of velocity differeﬁces (determined in step (420))
' exceeds a preselected c_r_:";_tic_al velocity difference. (typically
selected by the operatbr) , é.s'determined :E.n step (430), then
the tens:Lon force applled by one or more of ‘the tensioners
- - (20) is adjusted - This occurs in step (440)
'30 ' : _ The: ten51on force (F1} may be adjusted by
throttllng the rate of the fluld flow W.‘Lthln the tensioner .
using the orifice- controlled fluid valve (120) (step 450),
controlling the air flow within the tensioher accumilator
chamber using the air shﬁtoff valve (110) (step 460), or

35 controlling the volumetric rate of flow within the tensioner

using the fluid volume speed control wvalve (130) (step 470).



i ndi cator (27) attached to each of the tensioners (20). The nethod
continues in. step (410) with neasuring the heave 15 velocity experienced
by the heaving vessel (30) as it reacts to wave notion. The.hg gap8y vejmci ty
is typically determined by the processor (70) using the signal suppl e
fromthe heave neasurenment system (210), which indicates the heave

vel ocity of the vessel (:30). 20 The nethod then. continues by calculating a

plurality Y C|ty di fferences, wherein each one of tpgr\gl ty
differ encevg(f‘)cégsr%sponds to the di ffer ence between a sel ect egﬁgﬁgs

the. piston travel velocities and the heave velocity. This occurs in step.
(420). Finally, if a selected 25 numbé® of velocity differences (deternined

in step (420%% xceeds SS‘HE g el e t ed r|t|cal vel QCI d| ffe ence '
(typi cal | yWisefe %oalo‘i/ © Ee?’% ory, Jajs %S rﬁyﬁ’é& YsF&B‘P 286YY then
t he tensi oopéor ce appipbetdly onbosnadrmrtéleof otrhéice t@rdimyidresi Sﬁlﬁsd( 20) is

adj ust ed. | h e ) be
adj usted bygi‘??lrotﬁ@ng&es%?)é&é&g Sﬁ-{ ?IO tadri&le%\%l\%\ne%gi%ffég %gﬁgltoner

usi ng the BRIFEF cé&P- ddift rUiatd® rFMU AV e(R120) e8FePT450)E MBBHTYSI | i ng
thesair flostuekhiand heetendilaterd dec sonkagelectdfiew usktegbeheeanr

shutof f val ¥&,{ L1fy ééfa%eu@g},% Oén%cfggﬁt;t{ %%éf&:atb‘i?r Yol UBBLE] ssiaégoof f1low

wi thin the tensioner usin flui upe s control valve (130) (step
470). - 9 Fkﬁ/@%%KWPWM?%?Wzﬁ?@?BPPGTFB§G§/?¥6§ e1 Uy T 8PERBD VR ¥Rt of f

‘val ves (110j2ta)r.e typi natéy slorpd eteiyeropen’or toNpl etel ye clinsedsedhe
orifice-¢ fﬂé&'éh%dJahv ool €9 5 Okoilrsa&mﬁaéﬂey t%%lzﬁﬂeesptféﬁl ect ed

flowlimt “value in e static condition maxi mum 5

vale), an‘bP%%&BPa?M%%@&%@eV@H%o&?%ﬁ? é:ﬁ‘éfoﬁéflﬂxﬁghﬂ%%% 100 to
about 95%fesml tbst pppeéssabl Y70b aboutactblselectdte paxsimmmf | (WY at e

pernmi tted Qy,d he, fubly- QREPPd-4aI e Susdd 3Q) -aeinynet 8udbOYE, thé TBLS (170,

180) can be Inserte
) ghutoff valve {110) for a preselected delay time after the .

- processor (70) has 'determined that the preselected m;rﬁber of -
15 velocity differences -calc:ulated in step (420) exceed the
' preselected critical velocity
difference. Similarly, the timer (180) may be used to delay
closure or Ithrottllng of the orifice-controlled fluid valve
(120) for a preselected time period after determining that a
20 preselected number of the velocity differences calculated in
step (420) exceeds = a preselected critical velocity
difference. . | '7
-The tension force {F1) appl:.ed by a tensioner (20)
can thus be adjusted in a number of ways. The most common is
25 by throttling the rate of at least onme fluid flow within the
selected tensioners. 'As mentioned above, this usually occurs
by c1051ng orifice- controlled fluid. valves and air shutoff
valves. 1In addition, for extreme plston movement conditions,
the | fluld._ volume | speed. . control valve may  oOperate
730 independently., which acts 'te limit the volumetric rate of
fluid flow in the tensioner piston bore chamber. The fluid
volume speed control valve is typically not operated by the
processor (70}, but reacts to sensing a predetermined

volumetric rate of flow which exceeds a predetermined

eritical —velume t—r—:L-C—rat e-of flow, as may be selected by the

(54
th

designer of the flLIld volume speed control valve. Throughout



into the valve control lines for each of the tensioners (20) 10 to del ay
the application of valve- closure/throttling signals fromthe processor

(70) to each selected tensioner (20) Thus, a tinmer (170) can @3 @i ;\’o/
‘delay closure of the air shutoff valve .(110) for a presel et _Q I tinme
after the processor (70) has determ ned that the presel ected nunber of 15
velocity differences calculated in step (420) exceed the presel ected
critical %9%1@8{29 difference. Simlarly, the tinmer (180)P¢EyHH/15623d to
delay closure or throttling of the orifice-controlled fluid valve (120)
for a preselected tine period after determ ning that a 20 presel ected
nunber of -t.he velocity differences calculated in step (420) exceeds a
presel ect edPEF i fP@umenfol obfkyid dimderbaceomhideensi ba berceid F1yiappl i ed by
a tensi onewaf{eX)) oxCanyt BuEebesash tesitahlng doRUIDEE 3ok %?Mﬁ- The, npst common
is. 25 by,thyqtt Iciogg gfeﬁoratrge'otg ‘%[b !3 ea%t one wa d T ow V\Ylfﬂhﬁ%ﬁ e
sel ected tensi oners. AS mentTone , "CRFSOU®YRAI |y occurs by closing
orifice-controll ed. Theuprosessas Gitd disr isheletfrival vesmmb @didd on, for
exty ene pivaitdn HARY epssi i b4 s tfé\ﬁ‘e]f'i‘ﬁcﬁjié’éﬁéi{]? peed_cantrol valve
may oper atg 30 iﬁgeggndently, mQjch gcts tolimt_ the go?ﬁngP-iéjFﬁte_of
fluid flowin the tensToner pretsit bdféOthantRt. he tHug d alvkst urke speed
control v&%mgowbs'c@ry ﬁmcmjeer]aa_t edialy tpeeiodiecessor dpdiodi¥t reacts
to sensingniepvaUSS east daslind INITBHLI L3t @ Ofefowthighy e¥ceeds a -
predeterngg%gigéegrlilQ%l gﬁh)netrlﬁgrate-of f1ow, -as may be Serect ed
by-t he--. dSaigners di*T1a £4100d - #5FU Bt pREdt e MsaBTingakRESethrGdghout - 9 N
0¥ 2004 AEeORYBBIEPPETOUSHEI W56 31l tietmiss odofameatapTi et By @REHDE
consi der edeh8idiger aj20) Bl con¥BLEl indtHRNY-PENESE SUBSLAN i gl¥%ng -solid
nmedi um whi-¢h i Wﬁ%ﬁ?%a% ntrol novenent of the tensioners. Th&*Processor
(70) is in el ectrical®®o RFL8PFBn 5 with the tensioner piston-travel
i ndicators (27) andWigouReanbarddssseneniamsly st fi2k@)iorandeds bhus abl e
to made. to the system (10} as will be recognized by those
15 skilled in the art. For example, the processor can be a
microprocessorr with a memory and program module, 'corﬁputer
work statio;l, a programmable logic controller, an embedded
processor, a signal processor, or any other means capable of
receiving the distance/velocity/ acceleration signals
20 - provided by thé tensioner piston travel indicators and the
heave measurement system, and deriving velocities therefrom
(if velocity is not directly supplied). The processor (70).,
must also be capable of calculating velocity differences
‘be.tween each of the pistons traveling within the zriser
25 _ tensioners, and the vess'el heave velocity; comparing the
. - . B !
velocity differences to 'a single critical velocity’
difference; counting the number of velocif:y differences which
exceed the single critical velocity difference (for
comparison to the preselected limit number); and .comménding
30 ‘a p‘reselected. number of riser tensioners to adjust their
~individual tension forces applied to the riser.
Although preferred embodiments of the method and
apparatus of the present invention have been illustrated in
the accompanying Drawings and described in the foregoing
35 | Detailed Description, it will be understood that the

invention is not limited to the embodiments disclosed, but is




continuously or discretely (at. periodic or aperiodic intervals) determ ne
the velocity of each individual riser tensioner piston (100),and that of

t he heavi ng vessel (30). 10 The processor (70) adjusts the Fé%éﬂﬁhgﬂﬂtce
applied by each tensioner (20) by controlling the rate of at |east one
fluid flow within each tensioner. Nunerous substitutions and nodifications
can be~ nmade to 'the system (10) as will be recognized by those: 15
skilled i nyblogs®asi . For exanple, the processor can be a prenspi/eessor with
a nenory and program nodul e, conmputer work station, a programmuabl e |ogic
controller, an enbedded processor, a g%gnal processor, or any other neans
capabl e of receiving the distance/vel 0City/ acceleration signals 20

provi ded by HAg)LensbonelmRi-3han tha¥ehnbOplaal OF Su@itille 1RV g
measur enent systeggiggg deri ving veIOC|t|esé%herefron1 it velocity is not
: e

, if
directly. SYPBFLE Wrigtatds o AepPastingy -t s6PBe %é‘ﬁ%%l ot the
cal cul at i ndnvehototyasli $éerioncds artedefEénedehg htiod Adi& piisigord atimavel | ng
within the riser, 25 tensioners, and the vessel. heave velocity; conparing
the wvelocity differences to a single critical velocity difference;
counting the nunber of velocity differences which exceed the single
critical velocity difference (for conparison to the preselected Iimt
nunber); and commandi ng 30 a presel ected nunber of riser tensioners to
adjust their individual tension forces applied to the riser. Although
preferred enbodi nents of the nethod and apparatus of the present invention
have been illustrated in the acconpanying Drawi ngs and described in the
- foregoing 35 Detailed Description, it will be understood that the
invention is not linmted to the enbodi nents disclosed, but is | NO 2004 WD
01/88323 PCT/ US01/ 15623 12 capabl e to.nunerous rearrangenents,
nodi fii cations and substitutions w thout departing fromthe scope of the
invention asset forth and -defined by the follow ng clains.




9 NOV 2004 | WHAT IS CLAIMED IS: 1. An automated riser recoil control
system wherein the riser is suspended froma heaving vessel having a
heave vel ocity, conprising: a plurality of riser tensi oners i rﬂﬁf&ﬁ&'ca
comuni cation with the vessel and the riser, wherein each one

"plurality of riser tensioners applies a corresponding individual tension
force to the riser under heaving conditions, and wherein each one of the
correspondi ng individual tension forces is substantially proportional to
the rate of at |east one fluid floww thin a correspondi ng tensioner, and
wher eWHARIGHCLAHEDRS: t he correspondi ng tensioners includes a tensioner

pi ston travel indicator adapted to provide a piston travel signal; a vessel

heave rreas rement system for neasur th eave vel rocessor in
el ect r'i cal G‘H‘i‘?ﬁ‘ﬁﬁ‘geg?‘?r 6??°W?rﬂ°1e$§?§ﬁm0‘ﬂ%r%'? t%? A& teHEr% ﬁ%é Fr%"lh 338 V"B avel
i ndi caesseswaalngiahémrewets@uj colnpasieg: mreasur ement system so as to nonitor each

one of the ,pis4iR b riddr fhEbnerd ﬂ%cﬁarﬁd%ﬂc&%nmﬁ%\ﬁ%vnﬁ%%éé( afd tﬁé‘ﬁéer and in
controlling co nication wth each one of

O ot ke ar of s BHRI PSP RE P18 & CatrsspBaite BN e Fow wi ¢ hi n
at | easée to @Reisaéfuntifreepling @hiitighs pdndtweesirosen snegi the cdetsponding ingvitbwit a

prese e%glgﬁ%{éég S%E)Stg‘[tla ﬁép%ﬂlofnél@c}/tﬂla ra'té/ & Pfhdt ﬁé“ﬂc?fl](% Jfied fromeach one of

t he plura s exceed eave velocity by a
pr esep@cqswdwﬂﬂqris@aw wvﬁ@reuryeaahPmee?fé'mf@"eswﬁad'n%@%*@ler? iggudegdst one of the

pl ur akdnkignd? bistoh ¥@vel indidstoCtRptEd tobvitespias ®dvel ssdhak of f val ve,  further
conpri sing

d f.1h hutof f val
for a pres8l gsggg}?av%+$na§@re§‘1e[%>¥§?m%oq m%%Ld’Wl me%%weev %m e air shutoff valve

erlo afte rmning that the
pr esel ect ed progesserin glectpéal campmuricatien Wftibﬂaéktp"!ﬁ dhe t@!@!‘é‘?hﬁ'ﬁ@ﬁ“ﬁ"ﬁbm each one of

the plidicatoistayid e vBbse! Ve ﬁqays‘aren&hg@atbﬁ\ s@é@ aﬁelomtbeealaaaw@omm Qgbr y by t hle
recol

presel ect e itic ren e
cont r §pVe i?grfa%rﬁngfh%eﬁ}'%e C‘%\%@P’é?ﬂ ‘Pﬁg“ "8%8%@8?”' ﬁorbg?jseagh Oéee ected one of
t he i tieipluradityadf rises temisioner$ s zsdg carpil mecﬂm@’rm% |et$atrqnﬁélmdlﬂs\eérmtw9 adeastrol | i ng

the raﬁeeof% plﬁrgﬁrﬁtteﬂs%ﬁég uﬁuhedetérmmmgftrlavaa@sélgﬂtéa rﬁmﬁ)@i’éf pANAVag tensi oner.
The aut omat e riser recoil contr erein at | east

3.
one oFelpqiies getermiped fiopLgach ong gjihg pé“r?lgy 9 ‘% °§$@H§8'ig§? %??&Cgeq "Ihmggﬁwem gnal . 4.
The awiampbed presdertted @iict Velmintiffgen®ygidem of Claim 1, wherein at | east one

of the pisiBlleinkf Y& b?ébfm&aih?oﬁ‘lsa‘t@ﬁs%er\é ‘ﬁ'lcﬁl%é an éur Q‘M%lﬁ v§i\ré§l nal. 5. The

autonated riser recoil control ¥ VE\:T in | east one of
the pluhgisomprsing a Testdimsr adapted ip fﬂﬁ%&%ﬁurae&@?év a‘mt%v "Pé‘m Pf%ﬁﬁ&ﬁ‘& 13 9 NOV
2004 ﬁ’stdﬁ!t@tl&'ﬂtpéfmiﬁdr dmgmmmgemtﬁe pmmremedi ngyistr efpiodn ﬁvaiweioﬂ;mwher ein at

I t j | at
| east 4 QR fmf‘eg% e byt di :pét%h 1hENSERCHEC &P héE Selblhy B famul at or
preselected cntlcal velocity difference.

2. The automated riser recoil control system of Claim 1, wherein the processor adjusts a
selected one of the individual tension forces applied to the marine riser by controlling the rate of

the at least one fluid flow within a corresponding tensioner.

3. The automated riser recoil control system of Claim 1, wherein at least one of the piston

travel signals is a piston distance travel signal.

4. The automated riser recoil control system of Claim 1, wherein at least one of the piston

travel signals is a piston velocity travel signal.

5. The automated riser recoil conirol system of Claim 1, wherein at least ane of the piston

travel signals is a piston acceleration travel signal.

13



the at |least one fluid flowwthin the cable tensioner passes through the
pi ston bore chanber. 7. The automated riser recoil control systemof Caim
1, wherein at |least one of the plurality of riser tensioners includes an
orifice-controlled fluid valve, further conprising a second tg g@v g@&l@pt ed
to delay closure of the orifice-controlled fluid valve for a setonh
preselected tinme period after determning that the presel ected nunber of
pi ston travel velocities determned fromeach one of the plurality of

pi ston travel signals exceed the heave velocity by the preselected critical
vel ociét y diThé evtemated ri®r rethibcoatiol swaiere df Glaigelwhestinallleasbonerdbthepiualiim of Cd ai m

1, whef ﬁéenteﬁ&.or{eesa&h ﬂéb% aafacédﬁﬂna%r'éﬁaﬁﬂefr ¥nd zpﬁ.stam 6&b chabeh @R@wherbincl udes an
orifice-controll urther co adapted to

el ay T arens 150 flow i PEGRSIEHIe Bepsrs o4 bF HeBh B ipBRel ect ed i me
period after determining that the presel ected nunber of piston travel

vel oci;ties Tﬁggﬁsﬂ&eﬁﬁs& FR5R e[%faﬁ& s ﬁneifﬂénhﬁ wh%ﬁla& foXst Bhe ofﬁ!ﬁesﬁll?rﬂlltf ravel

signal s exce eave vel ocit ﬁ %& resel ected critical velocity
di f f eobifestengonersgiaclufes gRatficgcpitoled fuchdive. fe'mﬂ PRSI A ERTOSE 1P m 1,
wher eiaBapiéd tb @alay ciosuee dithe diiicgadontralled flyid valbe tof S saconepresetnd simemetiasdes a fl ui d

vol un%ﬂgrt(%%gmlﬁlg haPtk’n ér%éé/ %«%%%eﬂﬁ&nﬁ oEQralré[ @I&cnt%s\ﬁ&le#ﬁmetdrﬁoﬁl éa%e of fluid

flow in I'ser tensioners upon sensing
a pr egoe efithd plerality ololistareravelionale éx@ﬁd ?‘Pbﬁﬂ‘ﬁeﬂe'@%@& $hegrresglegied gdical ni ned

criti gabeityaliermméd ic rate of flow 10. A nethod for adjusting at |east one
tension force selected froma plurality of tension forces applied by a
corresponding plurality of riser tensioners to a nmarine riser suspended
from & hedbé agornagssider recoihgenirgisysient picClaimelp whepin atlleess ong elithrgpleralY ural ity of
pi st opy ﬁs%at\éﬁéﬁoﬁéﬁ‘é |9(91!1c{eb a® or@f?&@%r\t@m&o&mnd%vb ht@rrt]ﬂ& bonddristy afmer | h&eﬁiﬁed tla e nISI ?ner s;
nmeasurl ng .a he OCi ri.en e .heavi.n e . .calculating a
pl ur aPF'Figd‘Eﬁ*" I"Bec‘?r IgP- ‘éﬂ”#’%‘@ﬁ@ﬁg&'ve éh%?rg%lﬂecéea?éwe&ﬁém‘g?ﬁef ﬁée’m'wgm ity of

vel ocitaythe giekéiestehuabecd pisemiome selpeties ddiefrhinedirmoeedsh popeiihearigelteet ed one of
the p%}fé{oﬁllrh\tle}( s:@ﬁal@é@&&ﬂhé h&VE belodt§ ?ﬁl'etpl'éﬁfeﬁé’djcrftlbﬁ vEBaYy tifkRhaci ty;

adjusting the at |east one tension Torce upon determning that a
presel ected nunber of the plurality of velocity differences exceed a
presebect edheauttrhated riseeteodl doytralisystem ef@am lawteremfatieast nnetf theegrlitone of the

P : lrjnra?t) d" r tgr"s"g lerghciddRd ? 'fIEﬁE G618mé Qﬁéeu g&ﬁro%[@'ﬁhlcﬁ hek !fmlyaa\l/d(ﬁmetl‘?d}gte‘m erein a

osureo e air off valve for a preselected delay tine
peri oﬂffb'fdt%l“’ in We-at igagge @W"H@'ﬁ%?fﬁisﬁﬁtﬁr&'oﬂ“ﬁ@ﬂjp?%%e”ﬁf‘gg8138?: Byfunber  of the
pl ur akbliiryieind raveadf OOW nyexcesk bEa pradasrmiied eatitabvolupreeisedteotfed. critical velocity
difference. 11. The method of Caim 11, wherein at |east one of the
plurality of riser tensioners applies a correspondi ng individual tension

f or ce1.0 t Rengthogdor adiystina@hsastiopn tepgonforcgselegied fé‘?mﬁé%@? YOhEE$PUi d 1 ow

Wi t hi forded @pgied b?ﬁ%&rrééﬂ@‘ndﬁlb plufitydf Uised kdnkipnaé ol enarine mesrsusg@ndedstoer i n t he
step of adjus n one tension force is acconplished by

t hrot 71N “the " Fa prrsfﬁ %ESt%gast one fluid floww thin the at |east
determining a plurallty of piston travel velocities experienced by the plurality of riser

tensioners;
measuring a heave velocity experienced by the heaving vessel,
calculating a plurality of velocity differences, wherein each one of the plurality of velocity
differences corresponds to a difference between a selected one of the plurality of piston travel
velocities and the heave velocity;
adjusting the at least one tension force upon determining that a preselected number of
the plurality of velocity differences exceed a preselected critical velocity difference; and
wherein at least one of the plurality of riser tensioners includes an air shutoff valve, and

wherein a timer delays closure of the air shutoff valve for a preselected delay time period after
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one of the plurality of riser tensioners. 12. The nethod of C aim 11,
wherein at |east one of the plurality of riser tensioners includes a fluid
vol une speed control val ve which acts to linmt a volunetric 8t NO¥f 2804ui d
flowin the at |east one of the plurality of riser tensioners upon sensing
a predetermned volunetric rate of flowin excess of predeterm ned
critical volunetric rate of flow. 13. The method of Caim 11, wherein at

| east G%Pe?mﬁ I{&Fthglp#éﬁ &&é Lﬁ%{bermﬁe@%n@&@@s@ difdfen ooy

orifice-cont second ti1mer delays cl osure
of thelr‘%ﬁeleﬁfﬁ@ermcé'dﬁb?'tﬂqlf@tﬁnﬁq’ uid valve for a second preselected tine period
after determning that a presel ected nunber of the pI urality of velocity

Tt hodTor - AP TRrDd of QR O WhEHh RuBke b @ e Ty R drfisfraplsRhS3aBaied 3;
t ensi cmeespomdm indiadual ansm‘rfnrfcemhemw ngdrepodion ftag @Temilatﬁeast alffﬂzl"W@MH natinmer

del ay Qs foalf onk BEHE blufdiG &1 ©ASEHR, hefwildrdth the siéﬁ'o’f/&jlfsﬂﬁ e 91“@&%@' ect ed
time period after determnin plurality of

vel ocﬁ“?‘eﬂﬁ'f”i‘ oFa T RS OBRISBRAPY, ghfav'wgé?eég%’za*d?a}s{?Q?a{'r*%{fb W&&F'Pwea?W§rence 15.
The nmahbotthepluGliigiohistdiensMrersei n t he sel ected one of the plurality of piston
travels velocities is derived froma piston distance travel signal. 16.

The nethod of Claim 11, wherein the selected one of the plurality of piston

travel'd vdhegeiogsr Giaimidy wesein et leest gt dheiurafed I“é?’é?ristﬁ?ﬁefﬁ NGEPs si gnal .
17. TheurBbhed sﬁéed@oﬁttdn/él\le windiescei 1o lirait a beaaétriore o fluit lew initsest Ida8nsi oner s

conpr | Sesf tﬁl plur%fftg#{%e?tte ﬁ?%ve\:fs\%%ppggns@lg% é)?edefbfrﬁlg%h \Qﬂfn%trf&h&%ﬁrow nfimd wher ei n

the at”'f&astPone ensi oner passes through the
pi st orex¢rse ef peerigiayained alicd vilgetdo Gte ASTRACT OF THE DI SCLOSURE AUTOVATED
RI SER RECO L CONTROL SYSTEM AND IVETHCD An automated riser recoil control

syste (10)Ll’h§ {hgﬁ] {@_al_lal)ﬂ \g{lﬁ'gelég I é)sft one tIurg\ &Ql?r%g?n(s%g%rﬁm%lu}f Ssel heave

measur énent it P01 ° prdces t ensi oner
(20) leawiifeg- Cantmflsd ford vahevaid VI’WCﬂ"C@%Q?PHC(TBTTQr deayctosgiegh Hlegritidge processor (70)
and a Rt RS vaRResraldeSdhdipfescldits&irAS fatiod hffer determining that a preselected

number of the plurality of velocity differences exceed a preselected critical velocity difference.

14. The method of Claim 11, wherein at least one of the plurality of riser tensioners includes
an orifice-controlfed fluid valve, and wherein a timer delays closure of the orifice-controlled fluid
valve for a preselected time period after determining that a preselected number of the plurality of

velocity differences exceed a preselected critical velocity difference.

15. The method of Claim 11, wherein the selected one of the plurality of piston travels

velocities is derived from a piston distance travel signal.

16. The method of Claim 11, wherein the selected one of the plurality of piston travels

velocities is derived from a piston acceleration travel signal.

17. The method of Claim 11, wherein at least one of the riser tensioners comprises an
accumulation chamber and a piston bore chamber, and wherein the at least one fluid flow within

the cable tensioner passes through the piston bore chamber.
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