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 tRELRTER ARPIF CAHIFONS pl anned and unpl anned riser di sconnect
operations, and to This gaipditheiqn alllams thecbéssk iy ungexpested dseaks or
faylts inoﬂehg Ak ea?8rlHEl Ppal & of. ) 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 relati.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 ri Sermetﬂm:yi forbeprofidamsi anenst isyidcaldnsatepl oaes:lnm@alﬂl&_,' may be
. platform. More partlcularly, the invention relates to an
; automated - system and method which can be used to control
marine riser discomnection events and riser - ten51oner
w1re11ne breaks in conjunctlon with such a platform
15 _
' ' HISTORY OF RELATED ART ) e
_ Drllllng operatlons conducted from a floatang
- vessel requlre a flexible tensmonlng SYStEHlWhlch operates to
, secure the riser conductor ‘between the ocean floor (at the
20 ~well head) and the rlg,'cr vessel. The ten31onlng system
. acts to reduce the effects of vessel heave with respect to
"the riser, ‘control the_effects of both,planned and unplanned
risér'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 ten51oners, 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 veseel.




35 used to suspend a single riser fromthe vessel. 9 NO V 2004 WO 01/88323

PCT/ USOL/ 15623 2 Unexpected events nmay occur during offsharg 6giﬁming
operations. These nmay be realized in the formof tensionéer wy é
breaks, severe storms, or other circunstances which require the vessel/rig
-operator to act 5 quickly to adjust the tension applied to the riser. The
riser may al so becone .di sconnected fromthe well head for various reasons.
The need to resgond to an unexpected -riser disconnect ‘event or t ensi oner
wireline b Zhd manage the 10 recoil tension or "sllﬁ§?H3P %??ect on

t he vessel |nduced. t hereby,, provides-the notivation to. devel op an.
automated system and. nethod to controlz t he novenent of individual

tensi oners. The system and nmet hod shoul d operate by nanagi ng- the tension
applied to the risertUnekpgetée cavemss attacheekdwr 153 uting | sef faingd-d he

riser tens'd%ﬂ@&%ni_:;“oﬁé§9@ﬂéﬁst 0 8RESE NEh@be 'féeﬁ&@e@ir it adel MBLPGI4Y
experience such as may be caused. by.

qigévone or nore .o ensi oners, -

a di sconnec &Rt or ¥ ?ﬁﬁlc?ner TEES i nSPITR.  THOETSt he Oy stArhethd

net hod showidcupetanaps evhichusequarel the | yessait/ong icpersuoir ttatacyst em 20
el enents argy; ckapakbe o e?s R Highd QAN Ao NYPUSHY FBBAJI NGw g,

di sconnect ‘event or tensioner Mﬁr i ne an automated fashion nore
rapi dl y- andFEFi ¥y a[%ﬁé:h PeePiRs {‘)F‘ém’c?ﬁ‘??gi hﬁ’ﬁ% B]B%r ¥eddheadyfoquMvaRY
OF THE | NVENTEGNE | reasengnbodi nent, the,automated riser recoil contro

- systemincludes a plegal ifgedf dd Sgesbgﬂé' OPS! San @ uBgRRlc MEAG ser
measur enent_.,system: and a contr ol ocessor_|n .electrical connunlcatlon

S with the h&iFEomRaSu YRS St e&nﬁlf“ﬁ]el?? faeaandPo AR gchbR
t en$i oner .irecbitiesemsipston "¢livashdtridiediieot win dhepreasiseds iadpication

travel sigeabrtSy!NgroPiaesstel Mhiheclibs W& SEbvdIRSY CallP AT LREEAL System

rovi des:
P system and method to control the- movement of individual

tens:mners The system snd method should operate by managing

t:he tension appl:Led to the riser using the cables attached to

i5 the riser and the xiser tensioners in response to sensing an
- irregular travel velocity ‘exper‘ie,n_ced by one or wmore of the
tensioners - s'nch as may be caused by a disconnect event or
,ten.euoner wireline break. Thus, the system and method should

be slmple, robust and fully automat:.c, such that system

20 elements are capable of respond:l_ng to and cont:.nuously
managlng a dlsconnect event or tensioner wireline break in an
automated fashlon more rapidly -and rellably than is possible

" using human operators

25 , SUMMARY OF ‘I’HE IN'VENTION ) .
- - In one embodlment the eutomated ris’er recoil

. control system :anludes a plurality of riser tensioners, a
vessel heave measurement system, and a control processor. in |
electrical communication w:l.th the heave measurement system_

- 30 and the riser tens:Loners Bach tens;oner 1nc1_udes a piston
-travel indicator which provides a piston 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 S:LgnaJ.S a]?ong—wrth‘“the“heave velocity gignal so a8 to be able
to determine whether a preselected number of piston travel



a heave velocity signal to the processor. The processor nonitors each of
the piston travel -35 signals wong ai h the heave: veioci ty~signal so as
tome abbe to determ ne whether a presel ected nunber of pisfon travel i 6 3
9 Nov 2U WD 01/88323 PCT/ US01/ 15623 3 vel ocities (determ iovraliine
piston travel signals) exceed the vessel, heave velocity by sone critical
vel ocity difference. For exanple, if sixteen riser tensioners are used to
suspend tw@gimgizpe riser fromthe heaving vessel, and 5 mtr/gssagse2zsour of
the tensioners show a piston travel velocity which exceeds the heave

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

bet ween about 4-6 feet/second cable speed or about 1.25 feet/second

tensi oner x%]%&rt1e\ée|(Qétéﬁlné@%&dq€h9rﬁ%%§lo‘£rav&h'éi@r!a%s') NegofLg ol 1ing
10 communi cation wth ach one ser tensioners,” can -react by

%ﬁ the r
control | i g% hé’8%ie: Vifed YG-OF R r P¥er SBPE cBRtFOFRT ngvﬂl%c%“’a)t'e of
fluid flowiiiftehiemoane ciro:m)e:eamlehelftemtmrmséﬁyptenéiqner&ac&r@f t he

Fiser tensjQnegs gag}fe&@@&@m nRCEHILL 3405 £ ﬂ@gi%%rvﬁrtq]bggssfdﬂ the

tensi oner) and a bore chamber (rod end s e tenS|oner) and
the fluiday |18®SstE%tcrforthgdtﬁpﬁh?amﬁéhﬁws?cwm% teRRberelasitont r ol
the fluidvHiew eanecedsf tive-loonte otdledituby matey &hias ab;bptcahda yEqutaced i n
fluid CoMpuY EBELAR \bdiLd e RH:QAIB0! B 2REhalthek: 4T8 £ t}igear &gt rol

t I r o? ﬁ

novenent e tenS|oner val ve i s typica aced in
fluid comfifhi€at FB%ED width Fﬁ@uﬁcchrﬁﬁ aifﬁ?téﬁ%‘fﬁféjr §ﬁ5‘5&055ﬁk %‘fs‘imrgh
pressure atelocdyl) pdetrisen Tichier Sprayedsonpphhédht dsadjinst comerdlilnmgm t-hi n
whjeh the %Y{Msaeeaﬁr%kﬁd ddel do@! ¥ (AR Al SN LrER Yl LSS ar e

cl osed. Fina revent -extrene povenent o the tensi onef, fluid
vol une spé@&céoﬂTfoF°95F9% g 4o force applied to the riser By

controlllng the rate of fluid flow within one or more of the

tensioners. N
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




act tolimt the volunetric rate of fluid flowin the piston bore chanber
upon sensing an extrene fluid flowrate within the tensioner. 30 In

anot her enbodi nent, a nmethod for adjusting at |east one of ; é@ﬁpib
forces applied by the tensioners to the riser includes the ‘st

determning the piston travel velocity for each riser tensioner, measuring
the heave velocity of the vessel, calculating the velocity differences 35

bet ween eaﬁjb e piston travel velocities and the hea | ocity, and
adj usting heoq{ssesragi on force after determning 9 Nov 2004‘&8@?’%&%3
PCT/ USO /15623 4 1.0 15 20 25 30 35 that sone presel ected nunber of the

vel ocity differences exceeds a preselebted critical velocity difference
(sel ected q¥ t he o er at or contr | of thé tension force is

typically éf a&ct%‘ﬁ" yPTRFD i‘F‘F'f ‘8 PH'@b?’étQ oftgt Viedesi tanediffqrandaow
wi thin one emcaedseaqﬁr&&mlqﬁuﬂdalqmywhl rves]e:rcltyedisffmféISce A deleduddpf f

val ves, ori l¢] fl al and ¢f d eed control
val ves are l;al C&l?s(ezgjter Ogﬁew oqllkf'g?lﬁ/ eés{%l?:?: ednglﬁ}{E t%%é%%ﬁp%%&iﬁ OF STHE
DRAW NGS Atﬁﬁ’bléa%ﬁpﬁgifﬁcﬁﬁﬂepé’t F@ B89 t Hee s¥tRt of e2kndeagperoms on of
t he 5pr esentfluddeifllicon witthire bad by meirer @fCetied plicalDty ovENgidetai | ed
descripti OQetn%E Reld. CO 1‘&“‘3&1&&{1?% t@am% a%‘i%gﬂ%@wc@;ﬂt%ﬂ‘eﬁg%l ‘M&ere' n-

Fi gure | iIs anar e view of the autodmte I.Ser recol con

syst em of t"ﬁévﬁﬁeﬁfﬂ ﬂ%}envpéﬁmﬁﬁm%ceataohéf%vw %es@ll e m ch a
narine ri S@Ecevsommpemhacdmbed '

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\:ltt:)_matse_d= 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 o
' 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

mechanical 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—oGea-n—wa:v-e—mevemem;.————'llhe—tens-jren—ﬁe-ree-s-——(-F—l 7
F2) are substantially proportional to the rate of at least



Figure 2 is a close-up perspective view of a typical riser tensi Faakd N
dual form); Figure 3 is a schematic bl ock diagram of the aut o“ng’féﬁﬂflzg&}?

i nvention; and. recoil control system' of the present 4. is a flow chart

di agram of the nmethod of the present invention. Figure DETAILED DESCRI PTI ON
OF PRESENTLY' PREFERRED EXEMPLARY EMBODI MENTS Referring now to Figure 1,

It can be seen that the automated riser recoil control system (10) of the
present iWR8HESBHN includes a plurality of riser tensi orR&EUAF6Z3N

mechani cal communi cation with a heaving vessel (30) and a marine riser
(60). Each one of the tensioners (20) applies a correspondi ng individual
tension force (FI, F2) to the- riser (60) under heaving conditions, as the
vessel (30pne&pdnild~flowowitbitranke waenstionempyvehenta . mdhe fensilad

or-ces--- « 3 ' 0 |€ﬁ@ha the.rate of at
| east 9 Nd’/lez“('oo‘gf V\%noglﬁ%%g{zgu%pﬂb%ﬁ%gll} %%%%%Répgnéegf ul JP% Q I'n the

t ensi oner . LeRSIONSID TR | §6° VW D2 -an i ndividual riser tensi oner, as
shown in a dual - terﬂshe)neundeﬁdmﬂ, seesErgurteer?sm'Hte:si ndi{gogual axé ser

tensi oners e Ui . t.0 iLdent to, the
cabl e tengllg%%\%arns %[ gos S%é’ét e%t JV\?(? a§51t<g6ltg%d/%ér:@i% 638, 978
(i ncor por atERFIHEEIh ?Jé?%deri‘é“e Y18t Ratente Nqg et 435 BAH r3RSOF ensi oner
(20) may a4 saBdHe7H m(mcdx@omteddehér@iﬂ tioy eacdf @feriche tiansitmers that

make up thg dual PJ)O t%aapogfgepet@ne%ﬁew(g%g%a%%lsyggzsmﬁﬁ fyr chased

from Ret SCO | nt ernat i ona Ret sco
. or identical to each of the tensioners that make up the dual

10 - tensioner depicted in Figure 2, which may be purchased from

Retsco International, L.P. as Retsco Part No. 112552. .
| As can be seen more clearly in Figure 2, each riser
tensioner (20) 1nc1udes a tens:Loner 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 *‘e‘v‘ént, the travel 1ndlca_tor (27) provides a signal
whioh indicates the travel of the 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 valve (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 eqguivalent to or

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



As can. be seen nore clearly in Figure 2, each riser tensioner (20)

i ncludes a tensioner piston travel indicator (27) which may bg ﬁ mﬁﬂﬁline
encoder that supplies a distance 15 travel signal for the pist ‘QYt % t he
tensioner (20). The travel indicator ('27) may -also take the formof.a
vel ocity neasurenent device,. or an accel eration nmeasurenent device. In
any event, the travel indicator (27) provides a signal which indicates the
travel of the piston within the tensioner 20 (20) as the cable ggo noves
in reaved gﬁgﬁbnt with the sheaves (50) and the rise®ST6PVI#RE i ser
tensi oner (20) typically includes . an accunulator chanber in fluid

communi cation wWith an air shutoff valvée (:110) and a piston bore chanber in

fluid conmunication with an orifice 25 controlled fluid valve (120). To.
prevent exFiBfblymvierenfleid volume apgeghaontgiodt owlve (13104 welvuire speed

control vakyeiv4ilaf) tcsoof iddmiitear tekdmiowanthaaeibhhte-cant rakhed fluid
val ve (120 an?1 pi ston bore chanber of the tensioner (20). The
ai

oper ati ona s of the speed control val ve 30 (130) are nore fully
described in U S. Pailert, Asp.caw.be pogarg3in2Fighne ol portdiee dutemeitedby

refgrence imsét Sreeailrawiemmqw bp%&atetsf Bl a@m(llc;p) tH@yt%s@aﬂl val ent

to or identjcal R co | nt.er . 045

orifice- co%?ro?s {Iﬁ'i'de} Ivé’%qffd] 3 eré&l?FvaF@ﬁt Yo TS ?‘ Iﬁﬁ to

Ret sco | nt é#®ht fvnateaved. epgagengnt 19301 the I\lﬁheaWXEQOGEOW\OCGEL/ 88823

PCT/ USO1/ 1663 dhdrisnal2 )., thee fadkinth 48] Wiawhees Nt 5ok Mﬁéveléé%g) nay

be eqU|vak t to or identical to Retsco International, L.P. Part Nc
-113102. ThusS,” as can be seen in Figure 1, the automated 5 riser recoi
sydPem (10) operate§kﬂﬁﬁééntr@$1ﬂHEVE€ﬁ§ﬂoﬁ30foh%@%6$FH)aﬁ@)dapplled to the

riser (60)raiida@et e 6&-@&1@%&1\(&%\7&:\@1’1{:?3&'@@ eagagamm  Woh hrtBgosheaves
(50) of Tluﬁla pa531ve fashlon.by'playlng out, or taking up, cable (40)
1n.phase with the movement of the vessel (30). This results
in the appllcatlon of substantlally even forces (F1, - F2) to
15 - the riser as it is suspended from a vessel (30) and connected
to the wellhead. (80) . _ ‘
However, at timest one or more of the cables (40)
will break, causing a substantial imbalance in the tension
‘ forcee (F1, F2). As the applied tension fofce from each
200 . tensioner (20) dis relatively large (e.g.,'each tensioner
supplles about 100,000 l1bs. of force), the teneloner piston
_subjected to the nurellne break will tend to move quite
rapidly in ;eactlon to the resultlng__lack ~of tension.
_ Moreover, in other circumstances, the marine fiser“may'become'
25 cﬁsconnected'from the wellhead (80) due to unanticipated
causes, or as a planned event (e.g., it isrnecessary to move
" the vessel (30) rapldly away from the drilling site in ‘order
to av01d 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



tensioners (20), the downturn sheaves (55), and the riser (60). 10 15
Normal [y, as the vessel (30) heaves up and down in response.t® e DTave
novenent, the tensioners (20) respond in a passive fashion by playing out,
or taking up, cable (40) in phase with.the novenent of the vessel (30).
This results in the application of substantially even forces (FI, F2) to
the riser as it is suspended froma vessel (30) and connected to the
wel | head. W®BUPSHowever, at tines,, one or nore of the cHOVER(AGF will
break, causing a substantial inbalance. in the tension forces (Fl, F2). As
t he applied tension force fromeach 207tensioner (20) is reIativeLy | ar ge
(e.g., each tensioner supplies about 100,000 |bs. of force), the tensioner
pi ston suBeact édpatocaled Woddvideabreerieigner (@0 Egpnhwesqﬂlpzstmmpldly in

reactlotn ttqcawéqt L%ﬁél Ng2BACkisAhgt eéﬁﬁn@ﬂnca"égbgzo"l%fne I ro%@)t h];% the
el | head (308085 07 Rhant T4 IGHPEF. ERGoEEavel LRERESH LA ROdR (e g,
it is nece=gdmgetio hyovae vehecimstetr ©B80rm miatleraweyetr dm tiwowdiidd | i ng
site in ordabeity avfe Iaéceeqreea%&%ms%ngﬁQer(:z@veatﬁtc\é&@n thegont rol
processor 70 In. ctric ni cation w.th_each one of the
t ensi oner E SﬁoFréVQ Fﬁd%&ﬁfﬁ?@ %ggﬁogﬁd t VeSS h&hiFe WREYSUr ement
. system ('mpprdmezatmsm'esemhdﬂlompmovndee ef hdwyet ensliarigns giZalhas
‘begun to 1mgye, Iaose@?%c@ggget¥ ) edufgsbien, tﬁél‘:‘e a&ecaagprser%% begi ns
to take action to confraol F a.|
t he-ri sez2R9( SY)SRH AV ?%‘%éﬂci“f(‘\b ﬁoW%%e Iﬁ)ﬁﬂﬂgd?,mltthecé‘ﬁtbe -9 NO
f 004 WOwbitB8323 mvic@oﬁ/lsseaeekm telvateleaehionds igmhlas  (2amgi oner
(20) suppkbesia PbsbOBssdF a\gb) Sirgipl &z?é)haawgneggwah@ﬁﬁl%@;skb&e (26) to
h ' (210), since the vessel heave measurement system typlcally
includes one or more tri- axial accelerometers and a bi-axis
~ tilt sensor coupled to a processor which calculates ‘heave,
15 pltch and roll of the vessel. Thus, after a plston distance
travel ‘51gnal {or piston velocaty 51gnal or piston
' acceleratlon gignal), is received: by the processor (70), it
is converted_to a ve1001ty signal (as needed) and compared
wlth the veloCity_.signal‘ (215) provided by the heave
20 : measnrement‘system (210) . Of course, in a similar fashion,
- the heave measurement 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"comﬁunication with each one of the
25 tensioner piston travel indicators (27) and the vessel heave
' _ measurement system (210) and is thereby enabled to monitor
each of the plston travel s1gnals (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 controlling communication {i.e.,

electrical, mechanical, hydraulic, or some combination of

‘these) with any 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




processor (70). O course, the travel indicator (27) may be replaced. by a
vel oci meter or an acceleroneter to provide 5 velocity and/or quehava?mﬂn
signals (28) directly to the processor (70), as described above

Simlarly, the heave neasurenent system (210) provides a heave veIOC|ty
signal (215) to the processor (70). However, there are nmany sensors- and
systens avail able, and known to those skilled in the art, 10 which can
provi de diwpangg.and/ or acceleration signals ' (215 ) tGodigRi9essSsor
(70) fromthe heave neasurenent system (210), since the vessel heave
nmeasurenent .systemtypically includes one or nmore tri-axial

accel eroneters and a bi-axis tilt sensor coupl ed to a processor which

cal cul at es heay 501_5 p;ot)cqlsqqg rQld of télﬁlé’oeffseécintmﬂswa tersia%rp ton

di st ance rave g pI'ston ve OCIt% g 0N eration
si gnal ), %W@cé}?/% %f}dt ﬁ’@ oF bEasswontrey Leg; flyid HGﬁVér%&F@b Jdinel ocity
ngnﬁI (as(meeded)Aagdnnmnaﬁreﬂ tamdiloridie wachnby)s¢@ﬁuﬂe»@ak§kfphﬁylded by
t he heave 0 u | ar s.hi on

the heave GoRLEPLRECYorbanil (eh huek B8 bR8eqtlod 118 3 iy

accél erati 6ASBigRal , which may be converted into a veIOC|ty S|gnal as
needed.. The processmhefaﬂaare ) NwidH Nchd SveIckMS:yl r@feltelet ﬁdleebnccmstml cation
wth each ong Eﬁe %gnteggéonﬁ# glstéggére%g e dl% tors I) aﬁﬁrthe
vessel heave neasurenen 5195 églseihergﬁ ghgﬁﬁ §5ES fBhi t or
each of thehpi henver &\?@S%ﬁyﬁﬁts syEdem  AAY0} h@Yhe%Q'ee v @rssel e ctieghal
(215).. ltcsheidal beeuet:eeyt H&Eféiﬂlﬁ&é@u$e0§h?rtﬁ@nbfﬂi:1@éld vaQue is

‘ComRuNi cat j 79 and 181) ,can b age the
prgggssor ﬁgﬁ cséjpj:!"%on{a #ﬁun cat ﬁbﬁ)éi.@@,%e%weeF agSBL me€hani cal ,
hydraul i c, ‘Pﬁtéﬁﬁ‘@%nﬁﬁn&'ﬁbgﬁ 4£0) t FESEY "Rt kbaHy AuRbBefest/sehend

t ensi oner sPietfbr) vé_i'blélt}f)or tmmbessbhe(mn%aﬂwpdr%(ﬂe) t@a&oﬁ\iQBlly a
pi st on trave ?g 2 gn ﬂ(&f%wa Q§sgﬁ (L%% gg%gg h98)3|gnal Bge (181)
The tenS|oner 3 ur e contro & A 9KV
using the orlf.lce 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
tenzioner _(2(_)) .
20 , For example, the processor (70) wmay send a
throttllng s:.énal (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



WO 01/ 88323 PCT/ USO01/ 15523 8 processor (70) using the air shutoff control
valve signal line (179) and the orifice-controlled fluid valvg)igﬁpﬁmn4ine
(181). Any nunber of tensioners (20, 201) can be placed in cont Ing
comruni cation with the processor (70) in this 5 fashion. Therefore, when
the velocity of the piston (100) wthin the tensioner (20) exceeds the

vel ocity nmeasured by the heave neasurenent system' (210) by sone
presel ect 80 0L¥8833 cal vel ocity difference (e.g., the criR(TEE§0115&@Bue is 10
typically selected by the operator to be between about 4-6 feet/second of
cable (40) speed or about 1.25 feet/secend piston velocity), the processor
(70) can operate to control - the flurd (24) flow within the tensioner (20),
typically @si Rggvhe bridddieioonlroihed: flayi dlzalve iHk2G)kadoiaest tak the 15
fluid flow Cagkmmhboiod hﬁr@sSt(Q'?QbOI ehaher {edh § %g pRERSERS 0L (70)

may al so- op%rate to control *air uto Rtrols
the fl ow of SlﬁqQQNn?$ea%%nRtB?r B?FPﬁdEF%EFEQ@)bﬁn hﬁhéﬂéﬁéHWuKéPbr

chanber (25ppetatde. tensioner (20). 20 For exanple t he processor (70) may

.seng a throttling shgg?_§£%L§)tgom%$§ﬂgn4fl %%@Lhalf%% #fugd(lzo)

to adj ust the valve (120 enin re ates t from
t he accunulﬁ?o}efﬁixﬁn?rﬁq?%%ﬂﬁ 58Fc8f(F%b %i%ﬁﬁﬂ¢ [FoaE Eh9n5%¥r§23§Y For

addi tional 6&fexérdidnt foraedS (He| a2t iappl 16480y wan thasiusadrko(de) ayot he
onset of va\l_lx{g mﬂlg%ug%sggr(é&e oal ¥g %éle%g) &-{q ’ﬁ-éé}f'oc#]b@%lkhaétt he si‘gnal

(178) is asserted rocessor FOCesSOr ?70) may
send a. si gh®®0) (With d(eé"efrﬁ'énépﬂ EH%t%-‘r"rtor’vélr\?é'e@1YB}°‘Fbt3r%%l%?Jé akke
aCCMWUIatOrofﬂwﬂmbeweiéibnamdlﬂzm)S&sEHetbeﬁﬁsp@ﬂd ﬁﬁﬁnrigéﬁncadﬁafﬁdmlbank
(140). A08Iihe [ssA0dislo) 0Nk bt Biddd Yo Rrelek Bl s LB bl JRY, De
inserted into the caomunicatron |ine en’the processor fb

val ve (110)2EEBEass yangy EPRPLAHER %Tfawq%esaerla%a ggoplied rom e

indicator (27) attached to each of the ten51oners (20) . The

he

" 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. ?he heave velocity 1srtyplca11y determined
. by the processor (70) using the signal supplied from the

heave measurement system (210), which indicates the heave

ve1001ty of the vessel (30) . ' o

20 The method then 'contlnues by calculating a
' plurallty of veloc1ty dlfferences, wheraln each one of the’
velocity differences corr85ponds to the dlfference between a -

selected one of the piston travel velocities and the heave

_ velocity. This 6ccurs’in‘ste§,(420). Finally, if a selected

25 , number:of velocity differeﬁces (determined in step (420))
' _gx¢éeds'a_préselected:critical velocity difference. (typically

selected by the operatbr), és'determined in step (430), then

the ten51on 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 Wlthln the ten51oner.

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).



(110) closure fromthe tine the signal (177) is asserted. 35 For reference
pur poses, the signals 1771, 178') represent delayed signals (177, 178)
respectively. Al though not shown 9 NOV 2004 WD 01/ 88323 PCT/USQlﬂé?G 49 in
Figure 3, additional tinmers may al so be inserted into-the conmmunication
lines (179, 181). The tinmer delay periods can be zero, or-any other val ue.
sel ected by the system (10) operator. 5 Turning now to Figure 4, the

met hod for, ing at least one tension force (Fl) se} ha n1the
plurality 8?h¥§%3|on forces (FI, F2) applied by the tenS|oﬁ§gs %%

the marine riser (50) can be seen. The nmet hod begins at step (400). mﬁth
determ ning the piston travel velociti¥s for all 10 of the tensioners (20)

dt dth h I, (30)._As d ab
Uhis typ CHRES GRRrLT SPREPEE GYel UPRgULTD) FTaR oW SR ravar SPORAFEe SHopl | ed
fromthe opencatorco@F)etaliyachbdsed, edadte obxihice enwitomelsed 26)uidhe
met hod Con%ggé’% gi‘% oteR (t%(ll:a!&"l JRasy NG Re10ep¥e EDoNeh ORELY

experi enced eavi ng vessel (30) as, it reacts to wave notion. The

heave vel o¥ftyei 47t yhicc A1 et G Py (¢ h&- probesSSr ) maiRg™t he
si ghal supphles) freaom wite whdalet ateasusenensedystain {20 ratehbetweéadi cat es

the heave ﬂ&k@ﬁ , a&:tseFvgﬁe'aﬁéoﬁos@%@emﬂoqot h8But CoBki ges by

calculatin ura er00|ty f erences, wherein each one of the
vel ocity df ?e‘f‘%‘ﬁd@g" e PG RAPEBIRELdPYT &PEN LB HEr RRBRSS VakYe8t ed one
‘of the.pi stopotravet uetetiibese andimdmes henve, V&dloctdy.bdhissercads in

st ep. (420%‘% ni Stek,g%vg ¢ éiealeq,tlg,@g%ogug@sa Of t‘h%l %b&yoﬂef_r%etfafes

(determ ne . excee grese ect ed Crltéﬁa velocit
di 19 er encet?t%aé’alti”? IEAEEH L el B e LR grye/ thT oLt LPHi ﬁ?e%ln‘ﬂ‘ls step
(430), themrmmhEheepsboasé@wcé7apptbedﬁhy1omeleutmﬁwtemﬁ1QﬂEr (2@nsi oner s

30 Thus, a timer (170) can be used to delay closure of the air
shutoff wvalve {110) for a preselected delay time after the .
-processor (70) has'determined that the preselected,nuﬁber of
15 velocity differences calculated in step (420) exceed the
' preselected critical velocity
difference. Similarly, the timer (180) may be used to delay
closure er'throttllng of the orifice-controlled fiuid 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. . | |
-The tension force {F1) applled 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. 'Ae mentioned'ebove 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 epeed control valve is typically not operated by the
processor (70}, but reacts to sensing a predetermined

volumetric rate of flow which exceeds a predetermined

cr;e;ea}—velumetr&c—rate—oﬁ—ilowT_as_may_be_.elected_by_the_________

(54
th

designer of the fluld volume speed control valve. Throughout



35 (20) is adjusted. This occurs in step (440)'. The' tension force (F1')
may be adjusted by throttling the rate of the fluid flow within the

tensioner using the orifice--controlled fluid valve (120) (stmﬁ?@m )
‘controlling the air flow within the tensioner accumul ator cHfa Y %g

the air shutoff valve (110) (step 460), or controlling the volunmetric rate
of floww.thin the tensioner using the fluid volune speed control valve
(130) (st e APGF2- 9 NOv 92004 WD 01/ 88323 PCT/ USO1/ 1562PCTHUSOMESH2S t he ai r

shutof f valves (110) are typically conpletely open or conpletely closed,
the orifice-controlled fluid valves 6€120) are.typically set to a
preselected flowlimt value in the static condition (e.g., 50% of the.
maxi num 5 ¥3tiefocumrntar ¢" fouiA "atreal t be sonpsiddend etof bew at e b€t ween

about 100 wateahoutr 3% oBREr NBShs e 8Nk Yok tnd @729 ot e axi mum
flow rat 67‘85‘%“ t%gmg ihrgoi,ul I%- o&e% ?Ial vgssa%ggo?%éﬁﬁn%?le%iab%ve,
timers (170, é%'} can- Be TASEITEd ©5 A6 CRESYIPSEScontrol lines for each of
the tensioners (20) Th® pyeerssor t (#)agsl doakileat of caBl ¥&mmunication
cl gsur e/ t hridt | iRy Sémidrer 50 dNe BIACES$94 1 {4 o,gach_sel ect ed
t ensi oner l{e% . Thust1 a titrrerli;g?o canﬂglg %gaeldéattggr el 55;?& 8§1§r gcctbef the air
shut 6f f valve . (TTO7 TOPY pras&is®et dd*8&r ay2#d nel &f titig heabls odwssor (70)
has det er HORédnuABE Y heoPpr egbt@ttedlinuntsadr gferibdiel oeixt y ffidfieances
cal cul at edntarshep) (420 rweceathd N iass) et %%cg,r 'i&fdg%dn%hoc' Lo '

to delay Ure or

Chrott11 ne BP Phe? opi3ie ey GPCACHF P G Ve ar{ie0 v aanel (odsel octed
til®e peri dheaprereshaer(foi agiubhs thoGemsdoel Boted apphasa ofy henvel ocity
di ff er encesnsadeatt afrd by cshePol 2 texcesds @:fpét?%%aescé %%ec%i'olt Lgal.
velocity eduffgiange g tensign force (F1) appli'ed by a tefisiofier (20)
Numerous substitutions and modifications can be
7 made - to the system (10) as will be recognized' by i:hose
15 skilled in the art. For example, the processor can be a
' microprocessorr with a memory and program module, 'corr:lputer |
work station, 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'
velocity differences to a single critical Velo_c'ity'
difference; counting the number df velocif:y differences which
exceed the single critical velocity difference (for
comparison to the preselected limit number); and .comménding
30 ‘a preselected 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




can thus be adjusted in a nunber of ways. The nost common is. 25 by
throttling the rate of at least one fluid flowwithin the sel ected
tensioners. As mentioned above, this usually occurs by cl ogiﬁdﬂw 2004
orifice-controlled. fluid valves and air shutoff wvalves. In addition, for
extrenme piston novenent conditions, the fluid volunme speed control valve
may operate 30 i ndependently, mhlch acts to limt the volunetric rate of
fluid fl owwbBiAfies t ensi oner piston bore chanber. The fl updr/vsol/isees speed
control valve is typically not- operated by the processor (70), but reacts
to sensing a predetermned volunetric_rate of flow which exceeds a
predeternined 35 critical volunetric rafe-of flow, -as may be sel ected
by-the- - 893% Of ot h@frletibflo Volrk_lﬂﬁrﬂﬁ@tgeﬁ:@tr%odﬁaél\éﬁt:L%ﬁ'éouq}h%t - 9N
O VvV 2004 VI) 1/ 88323 PCT/USOl/lSGéB 11 {his document

consi der ed SEESh&tULTPnS o Y1thapt o AePEFLIRG Jiclt SHBst SHPREI 1SE n&lilesol i d
medi um whi éhvestioseass tweicdivridl am eérfihedf by hehd efiglilendng. cIhdmpgr.ocessor
(70) is in electrical communication 5 with the tensioner piston travel
indicators (27) and the heave neasurenent system (210), and is thus able
to continuously or discretely (at. periodic or aperiodic intervals)
determ ne the velocity of each individual riser tensioner pi ston (100) and
that of the heaving vessel (30). 10 The processor (70) adjusts the tension
force applied by each tensioner (20) by controlling the rate of at |east
one fluid flow within each tensioner. Nunerous .substitutions and
nodi fi cati ons can be~ nade to 'the system (10) as will be recognized by

- those 15 skilled in the art. For exanple, the processor can be a

m croprocessor with.a nmenory and program nodul e, conputer work station, a
programabl e | ogic controller, an enbedded processor, a signal processor,
or any Other neans capabl e of receiving the distance/vel ocity/

accel eration signals : o E




20 provided by the tensioner piston travel indicators and the heave
nMeasur ement system and deriving velocities therefrom (if velocity is not
directly. supplied). The processor (70) nust al so-be capabl (ﬁ
calculating velocity differences between .each of the plStOgg (M%@QQﬁng
“within the riser, 25 tensioners, and the vessel heave vel ocity; conparing
the velocity differences to a si'ngle critical velocity difference;
counting the nunber of velocity differences which exceed the single
critical velocity difference (for conparison to the preselected limt
nunbe WHATARCLAOMER i ng 30 a presel ected nunber of riser tensioners to

adj ust their individual tension forces applied to the riser. Al though

preferred enbodi nents of he net aratus o e esent invention
have Been IAPIaHtQF’FtQBEEH “??0' ?ngd;éf?; @?ﬁﬁ'%@g AV sr?@%engﬁ%i#%gﬁ??"bngd in the
f or egoessgl HaGinge heavk oy somppsinon, it will be understood that the

I nvention i g hé@r&e%goﬁé?s hGecRAMRAAL IR IR abinifith R8s setPHﬁd th§ rider NO 2004 WO
01/ 88323 P SO1 capabl e to numerous reaLran

modi fwéa"telnc?ﬁ%h v\ o S%'E:Hé’tal‘VB’t"isﬁh‘?“ﬁiﬁ”@ﬁ&l&t’“%éﬁa’f"?ﬁpﬂ %6 ‘f?étegﬂ?ibe of the
i NVenfdrenoe &Rgeer UndsrtHeaamcodeifions ethdimheteinesatio bheoafithegcookspionding in@viti@y/ 2004 |

W‘“\T ke%s.%%ux?% u§st?fﬂnaw%p%%ﬂﬂm9rgtééfeahesﬁfaﬂ ;u.&f?(mmL ngystem wherein

riser I's su awngli vessel aV|n eave vel ocity,
corrpr p@f@ﬁg@ndwg;ﬁerﬁwa% qang wherejn eagh ones E‘(ﬂ‘?ﬁﬁ%’oﬂ‘i'i"%?l"r%fsd&‘f'“"@ﬁmmnl cation

with iéﬁ@ior\{eﬁ%%%htra%ﬂnﬁﬁﬁtofacﬁﬁtédto pib\edeed pistereedversipapt said plurality of riser
tensioners _a corres

under heavey sglg}?aﬁrp%aﬁgreme tcfy‘g[ lggorlrﬁ‘éggﬁlrfn&%h%lheg\?e%{ @(-Cf orce to the riser

WHET 81 T eac or respondi ng
i ndi vi dual a ptagessuin elegiriesb sommunigatien it 4agh pRe ¢ thegensidneiriston ¥@vehe rate of at

| east ;rfamﬁma‘slddu thefvb&u mabéineas@réﬁ%f@wmdlasﬂ) &S} GHRA bne GMIGE m&t@ﬁ ei n each one
o N PSRRIt SIS ANGLS) LA USGR Bg S ESHONEE whi SR BA §2Ve!
|nd|05? & 5Pt A %‘b?g o ?FHW%F’@thﬁ
the plurality of riser tensioners so as to control the rate of the at least one fluid flow within at least
one of the plurality of tensioners upon determining that a preselected number of piston travel
velocities determined from each one of the plurality of piston travel signals exceed the heave
velocity by a preselected critical velocity difference; and,
wherein at least one of the plurality of riser tensioners includes an air shutoff valve,
further comprising a first timer adapted to delay closure of the air shutoff valve for a preselected
first detay time period after determining that the preselected number of piston travel velocities
determined from each one of the plurality of piston travel signals exceed the heave velocity by the

preselected critical 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.
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a vessel heave neasurenent systemfor nmeasuring the heave velocity; a
processor in electrical communication with each one of the tensioner piston
travel indicators and the vessel heave neasurenent systemso as to nonitor
each one of the piston travel signals and the heave veIociL $w 4and
in controlling comunication with each one of the plurality of g
tensioners so as to control the rate of the at least one fluid flow within
at least one of the plurality of tensioners upon determ ning that a

presel ected nunber of piston travel velocities determ ned fromeach one of
t he pléur al iThy agbmaied tisen racpibsasirolsygiem PsClairicledpraimat I¢ashene of helpbealityy by a

pr eselo%e%n&saetré &ﬂlpr.ye%la%b&ynumﬁrfcﬁér@m snd fiton mg E@nfbeatandi @A&tinone of the
pluralit t ensi oners incl further

P o 16 3 dpost e G o Ha Ba A e T eaerage DioualPe PEn EHE HPOLhut of f val ve
for a preselected first delay tine period after determ ning that the

preselect eqy nyNBELeH |sePFe%B|P&nfr6|%V§ém ¥Rt 1 bvﬁérem%?l‘é@sft Bhé1&dhd pi@ampach one of

t he pIurallty of piston trave exceed the heave veIOC|ty by the
pr eselobYseE@nEipners 'e%wd% an a%floﬁsfo'awf*?def%\@efe fE“heTﬁ%"Pé'ﬁ'P% AEERYI M recoi |
cont r ebapiytstb eélb@éioﬂ@tbfmdonfwmﬁmon&d fikie v@vm%mbn@ﬂpmm amespenhcm:t ed one of

the 1 el \eHRbinh Fa5he Bl QLSRR ARRI it BlichGabd! el BRIk BGtofmidf raliVeabRN T O1 1 NG

the ra one correspondi ng tensioner.
3. Thenafttemplereldly pfipistan trawelsignale exaepdine paveenionty bythe Frwsré'%\% iR at | east
one Okelbdig dPerché) travel signals is a piston distance travel signal. 4.
The autonmated riser recoil control systemof Caima1l, mherein at | east one
of the piston travel signals is a piston velocity travel qnal. 5. The
aut omét ed Theaytomaediider woeit gopiroi sysiere al Gaimd. wherein at igpss pes of ﬂaﬁ plyraldgt one of

t he pbﬁﬁs@ﬁeﬁ&@r}éﬁﬂ m&t!ld&@ﬁﬁ Srifice- c@ntr@ll&ﬂﬁiﬂi @%a‘hl‘ﬂ’feﬁ&dnﬂﬂlshé aMprer SHgpidto 13 9 NOV
2004 ontr 1. wherein at

Coaet nedon et o hid S BFF irkSsies Tl oReiee SRR E Ll ot o
chanbémrt tha greaeipitet mumbeoo@istindirae velocilfes dateeninédfrom ¢ash ane ddbesrlurglteoct | ui d f | ow
Wi T hi Bicfoh GardBbfald é@éé&ﬂ@ﬁea@é%é&é‘éty wfhet;sgéaefgaed &m@éroao@@mre@h@éwber 7. The

automated riser recoil control systemof Caiml, wherein at | east one of
the plurality of riser tensioners includes an orifice-controlled fluid
val veg. f ur Theauterostpd fissr regoibcosted systent bifilaim ladbptiedt lpast ded efhacplosily e of t he

orifi Sﬁlsgptgﬁgmﬂ'l SQ%JJBHE(HUIM%MEQ fsﬁa’ed n%:%i?\%ﬂfé vﬁfc’ﬁ%@lls?&ﬁnﬂfja JduRetmEhnieod after

deternlnlnP resel ect ed PIStOﬂ travel velaocities

det er A fhiskfiop/rin the @hlepst °E‘ﬁ1‘éf s Plyraly ﬁl rgeTAPRsApeSRPY) SNSRI B PRIBE ™R hal s exceed

t he heaumetiEtatecdf fiyw yextdre opd preddteained coticatvotaletricvatk otfloiwy di f f erence. 8. The
automated riser recoil control systemof Caim1l, wherein at |east one of
the plurality of riser tensioners includes an orifice-controlled fluid

val ve0.f ur tresthaddermdiuginggt @gtstpp?r@p&%fgmeéa!e@t@d from a plurality of tension

forces applied by a corresponding plurality of riser tensioners to a marine riser suspended from a
heaving vessel, comprising the steps of:

determining a plurality 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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delay closure of the orifice-controlled fluid valve for a preselected tine
period after determning that the preselected nunber of piston trayel

vel ocities determined fromeach one of the plurality of pist8nNONad@ld
signal s exceed the heave velocity by the preselected critical velocity
difference. 9. The automated riser recoil control systemof Caim1,
wherein at | east one of the plurality of riser tensioners includes a fluid
volune rate of fluid
flowi r?%?ﬁ%qg& %Pﬁéégées%%éetgog uW[EﬁPQ t%ﬁ‘ Ofvggk&l@greg%%%%%‘g%r S upon sensing
a pr edeeseleates edicalvglotityelfierepce.at e of flow in excess of a predeternined
critical volunetric rate of flow 10. A nethod for adj usting at | east one

ten5|o for om.a pl rallt ften Jledbya
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measuri n heave vel ocjt alculating a

erience V]
pl ur al9"e "gpn p 5196%?"@9mEfISP¥de‘?Vé grlngt va{eﬁeé??( # '?&&W%‘H@Q@W %tﬁ'e?’&mﬁféﬁ ty of
vel ocidny of tte piliraliig otréser easisresponds to a difference between a sel ected one of
the plurality of piston travel velocities and the heave velocity;
adjusting the at |east one tension force upon determning that a

pr esell@ct edhpmeied obfiaim Hewhgreip a1 Ipas) ors Of\?eq RiEpliy ol g RIEREE S ChilERed a
pr eselaAridediuteisbédiadontie vand whictthctsie iging eoluaetdc rawhs flaid Rowat theatsdasone of the

plural) t¥f tHg plﬂﬂﬁﬁgofrs%géh%?%%rs é.ip%)rp%] qggpmetl%"rﬁm?m;um&nc\fée}éﬁlovﬂﬁ'd wherein a

tlmaroaeas C ure or a preselected delay tine
per i od?xeﬁsﬁefrprqwefmlgewﬁm@@@mmafé@ BeRfiP¥g that the pr esel ected nunber of the
plurality of velocity differences exceed a preselected critical velocity

di ff 11.. . The th
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the plurality of riser tensioners. 12. The nethod of Claim 11, wherein at

| east jgne @, Fn@@uo@bﬁﬁlﬁh‘ﬁﬂwﬁ’efrelﬁ bﬁ@ést Br?erlﬁ'tr%rtﬁfrﬁttﬂ &Qllséf(?iﬁﬁloné}smc%béis vol une
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Vol UTSLbL diBlRollodd prosBloolb R BR dincidrdb ™ 11, uherein at | east one

of the pluaralit riser tensioners includes an orlflce controlled fluid
val ve, and mhereln a second timer delays closure of the orifice-
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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controlled fluid valve for a second presel ected tine peri od.af g@'v 604
determ ning that a preselected nunber of the plurality of vel 3

di fferences exceed a preselected critical velocity difference. 14. The

met hod of Claim1l1l, wherein at | east one of the plurality of riser
tensioners includes an orifice-controlled fluid valve, and wherein a tiner
del ays closure of the orifice-controlled fluid valve for a presel ected
time p that a presel ected nunber of the plurality of
vel om@éyb[ ”ﬁéﬁiﬂgg‘%@ﬁ‘fa@g presel ected critical velocity difference. 15.
The met hod of C aim 11, wherein the selected one of the plurality of piston
tr avel fUTOMATED RISER RECOIE CONTROLISYSTEMRING MRTHOBt ance travel signal. 16.
The nethod of Claim 11, wherein the selected one of the plurality of piston
travels velocities is derived froma piston acceleration travel signal.

17. Thien aniniebdet rsbr rébalicomtbl systeme(! @) incluingl agdg elinoef eiserftensippensi(2bra ieeses i oner s
conprips ﬁ&su%ﬁ%w&t%'(@l@) %H@Q@&‘ﬁro%@ce@sd?'(ﬁ)s Rt LN SerkBALINLY) ha wherein
the at | east one fluid flow wt %]t; t ensi % &&&sses rough the
pi st orf Hﬁ%?'b"%’ﬁ'al%‘@mr ‘Qfﬁwb’cwaﬁfbﬁpfﬂ%ﬁﬁm apgka FgErop0 PRE AUTOVATED

Rl SER dricloé¥d. CONTROL SYSTEM AND METHOD An autonated riser recoil control
system (10) including a plurality of riser tensioners (20), a vessel heave
measur enent system (210), and a control processor (70) with each tensioner
(20) having a piston travel indicator (27) which signals the processor (70)
and a nethod of operation is disclosed. 16
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