~- 5 OCT 2004 WO 01/ 77000 PCT/US01/10701 1 ACTI VE DEPLOYMENT SYSTEM AND
METHOD BACKGROUND OFTHE | NVENTI ON Rel ated Applications 5 This Application
clains the benefit under Title 35 of United States Code 1@9%5) Qfé§ﬂ§'
Provi sional Application No. 60/194,822, filed April 5, 2000. eJL |
Field 10 This invention relates to the field of [lifting/deploynent devices
capabl e of maintaining tension on a cable or wire rope line. Mire

specificalIy,rknﬁnﬂkgvention relates to a system and nethodpéﬂggﬂg+ﬁiaining
t 1 an

controlled lifting conditions as applied to a mass or | oad ed from
a noving lifting platform such as an offshore. drilling rig; Hi story of
the Related Art Under noving sea conditiods, a majority of floating 20
marine vessels, such as offshore drilling rigs, find difficulty in

depl oyi ng sub-sea nachinery due to the problens inposed by rig heave. The
oscillations of the vesselcTrakepktLOYHENT WYSTEM REDAMBREOVY equi pmrent usi ng
ordi nary depl oynent systens due to the novenent inposed on 25 the

depl oynment systemb angi \ jtions. Thus, under heaving vesse
condi'tions, th@Agﬁﬁ%ﬁﬁﬂﬁggt&%ﬁggﬁﬁﬁgﬁgﬂjbeing depl oyed may encounter a
sudden drop t orRtbet @t erppl ifdaddbnen the downward heave cycle. Due to this
1 sk, most o depl oynpnl; openallansnaoceling rAl Ml AAAS, (L.AS 8l ayeds 30

whenever wave conditi'ons “beconme unfavora passive nethods of
depl oyment opebaited Stagespérdat 8 1% (@ h@ndtSonPEPVipboRaes FRLL UG PEY |

such passive gomp, PTesot YRi 8l | ¥, 0persat ephg, absorb only a  snal |
portion of theﬁ§é§ggﬁﬁ%éave'd?stancé? Even with the 35 ability to absorb

vessel heave, however,; it is still held -x 5 ocT 2[04 WO 01/ 77000
PCT/ USOL/ 10701rgchnical Field

10 This invéntion relates to the field of
lifting/deployment devices capable of maintaining tension
on a cable or wire rope line. - More specifically, the
invention,relétes to a system and method for maintaining
controlled lifting conditions as applied to a mass or load

15 handled from a moving 1lifting platform, such as an offshore.

drilling rig.

History of the Related Art
Under méving sea conditions, a majority of floating
' 20 marine vessels, such as offshore drilling rigs, find
difficulty in deploying sub-sea machihery due to the
problems imposed by rig heave.  The oscillations of the
#essel make it difficult to land heavy eguipment using
ordinary deployment systems due to the mdvement imposed on
25 the deployment system by changing wave conditions. Thus,
under heaving vessel .conditions, the equipment or machinery
being deployed may encounter a sudden drop to the ocean
floor on the downward heave cycle. Due to this risk, most
deployment operations occur in calm seas, and are delayed
30 whenever wave conditions become unfavorable.

Some passive methods of deployment operate to
compensaté for the motion of the vessel. However, such
passive compensators typically operate to absorb only a
small portion of the vessel heave distance. Even with the

35 ability to absorb vessel heave, however, it 1s still held



to be good practice by those experienced in the art to wait for favorable
sea conditions (i.e., calmseas). Therefore, what is needed is an active
depl oyment systemfor regulating a distance between deployédSeﬁﬂidH@ﬁt 5
and a destination delivery point (e.g., the ocean floor) wherein the

equi pmrenwoirg7auspended above the destination point frBEl/ESUABI® attached
to a noving deploynent platform Such a system and net hod woul d be even
more valuable if the length of the cable could be adjusted in 10
proportion to the novenent direction and velocity. SUMVARY OF THE | NVENTI ON
The active depl oynent system and nethod of the invention allow equipnent

depl oynent operations to proceed 15 during a w de riety of depl oynent
pl at f or m F®veeedrod piacsigrpPy, thege aﬁﬁ%%ﬂlgﬁ oy P\': ©sPste a‘?lacﬂnet hod can

be used tgragsiStadin depl eyABNtieds s@ns.t,i valscseas)fic instrunments to
the ocean floor froma heavi ng ,vesse

: I n.essence, .t.he agti oynent
syst em conpri sEEEEINEpaditte 6y ??\‘a%?ésy}sa’t et c SIS wa%gyg%rg%g{i ve
cylinder ssyséfMoTheqgpadstivg aysiemndadainiosy depileyetaegetpnenicunul ator,

provi des | oad bal ange for the_equipnent_or , other SS ' depl oyed.
Pressute ﬁ?‘éviadéjtfstt&“f’”ﬁéonblgieﬂr& &h gf”'flﬁe (ﬁagéi'vét%%ylé‘%\%g? %?%é\}?)des t he

maj ority @heeSimsupper eqghapmehe Leaduspendednuriopyeocthe sdeatoalvkrit i ona
pneumati c_cylinder arrangenents._.l st.atic condi}ongenibendassi ve
cylinder P8 %Blaﬁ FY at %? -§%r01%£ﬁ%?§ t%g %oaggﬁgﬁginge?rgﬁ?a cable. A
sheave arpasgbeent, Fhahed: abysbpposintde reridwdofwelkd pRgsiarercyP¥fler - acti ve

cylinder 30.c¢c i nati I d. to.kntr e I taed | {4 pl i er
for|cyIinﬁ%%ugggilééeﬁgﬁt?a?ﬁﬁg,o%hgkgtﬁ%@%%af%ggﬁfégpéi, #gfyexanple, a
di st arce pfogérimeirerts whehmpwepert  dirpqtHen @ad Yer9cpbYnt, the cylinder
conbi nati on needs only to nove a distance of 4 neters to conpensate so as
to allowthe ' 5 OCT 2004 WO 01/ 77000 PCT/ USOL/ 10701 3 load to remain

st at i onar §UMMAR L THE INVEESHERt to the delivery point).

The active deployment system and method of the

invention allow equipment deployment operations to proceed

15 during a wide variety of deployment platform movement. For

example, the active deployment system and method can be

used to assist in deployment of sensitive scientific
instruments to the ocean floor from a heaving vessel.

In essence, the active deployment system comprises a

20 passive cylinder system coupled with an active cylinder

system. The passive system, including a pre-charged

accumulator, orovides load balance for the eguipment or

other mass/load being deployed. Pressure provided to the

bilind end of the passive cylinder provides the majority of

25 support for the load, as commonly occurs in conventional

phneumatic cylinder arrangements. In the static condition,

the passive cylinder is balanced at mid-stroke with the

load hanging from a cable. A sheave arrangement, placed at

opposite ends of the passive cylinder-active cylinder

30 combination, is used to infroduce a cable travel multiplier

for cylinder displacement. Thus, when the platform moves,

for example, a distance of 16 meters with respect, to the

delivery point, the cylinder combination needs only to move

a distance of 4 meters to'compensate so as to allow the




The active cylinder is controlled hydraulically to add or renove | oading
to/fromthe passive cylinder systemin 5 order to - provide a conpensating
bal ance. Accel eroneters neasure platform nmovenent (velocity and,gip@qt?m&)
sending a signal to a hydraulic power unit which provides hydraul W
and pressure to extend or retract the systemin phase wth (and opposite
in direction to) the platformnovenent. .10 Thus, the active depl oynent
system i ncl udggy /48Rl € -tensioner supporting 'a cable in peex@ioron
engagenent with a cable suspending the | oad, and in nmechani cal engagenent
with a supporting platform The cable tensjoner includes a rod assenbly
adapted to apply tension force to the cable 15 under heaving conditions.
The depl oynent system al so includes an accel eroneter (to measure platform
heave novenent) and a stroke sensor for neasuring novenent of the rod
assenbl y wit hi ridzkle wabkemaimseoaeiondihe beceberondrerh mesPraés T Hewve
novenment signa%ml%QQr%SSF%%Epke sensor 20 provides a feedback signal in

response to novemnment rod assenbly. FinaIIX% t he deplo¥nent ;%iiem

i ncl udes a processithg mehhte i evldinderr iieaForbrARAR%C AYERWHERE Rt
tensioner, acceler 1 Bk 1 TOKE YSRNSe W 1 VDT J0e st ey @AV ein
novenent and feedback signals, "and regul ates the 25 di stance getmeen t he
| oad and th& desdematiconPpeviie by CEBPERT NG Hr 1S on %&’38 SHEBFTEL t o
the cable. The gakheect gNStOAEF: rotRineal! YveDs@It s emd diazsitien) cysemdiorg

system and an active cyli nder $ stemin conbjnathogi Theigggshggrgyf{ mis

pre-charged to &FFFRL 88 £hRY 1G,RPPET R IV BFSTET oves T H phase

with the suppaniowplkadf prasbesyeto Theamd cassetrhygtwichbi ayshen cabl phase

method for T eqMiati aPBnebar St Shal” BAt ReBRol e 8 e e g™ he Gket nat | on
poi nt makedouse of fThesacttihee dctifFeOCRPAOFHEnNOSYELER0GRPRCTLESHL/ 4T7A 4
depl oyment Sys&%@sigﬁéﬁmsh%%wriﬁ?ea”%EEQQ CANMYdesRd IdiyagtRRe Qfith a
measuring a heave nmovénent (velocity an .
cable suspending the load, and in mechanical engagement
" with a supporting platform. The cable tensioner includes a
rod assembly adapted to apply tension force to the cable
15 under heaving conditions. The deployment system also
includes an accelerocmeter (to ‘measure platform heave
movement) and a stroke sensor for measuring movement of the
rod assembly within the cable tensioner. The accelerometer
provides a heéve movement signal, and the stroke sensor
20 provides a feédback signal in response to movement by the
rod assembly. Finally, the deployment system includes a
processing means in electrical communication with the‘cable_
tensioner, accelerometer, and stroke sensor which monitors
the heave movement and feedback signals, and regulates the
25 distance between the load and the destinatidn point by
adjusting the tension force applied to the cable.

The cable tensioner typically comprises a passive
cylinder system and an active <cylinder system in
combination. The passive system is pre-charged to support

30 the load,‘while the active system moves in bhase with the
support platform heave. The rod assembly within the cable
tensioner is moved in proportion to the heave velocity and
direction.

The method for regulating the distance between the

35 mass and the destination point makes use of the active




direction), and adjusting the tension force applied to the cable upon
determining that the heave velocity exceeds a 5 presel ected cribi@R[ 2004
velocity. Typically, the tension force is adjusted by adjusting the rate
of at least one fluid flowwthin the cable tensioner, such as the

hydr aul iwobi/wioed f| ow applied to the active cylinder syB¢ERI/I$OBRI EF
DESCRI PTI ON OF THE DRAW NGS A nore conpl ete understandi ng of the structure
and operation of the present inventipn may be had-by reference to the
foll owi ng detail ed description when taken in conjunction with the
acconpanyi ng draw ngs, wherein: 15 FIGJRES 1A and 1B illustrate perspective
views of two different enbodi nents, aof the syst of the prese

i nvent i ondlel GURE ?@tﬁ@'opeﬁ%ﬁ?%%lm'o%}k%dﬁetrﬂoo% (f?{“ep@fg;‘t%e%heof t he
present igvgsdiop:r 2@eEb@REg3 kS &idaeei calowmeek di Ggvlamidsly t kedbyst em of
t he present invention; FIGQJRES, 4A d 4B illustr td v nd side,
cut - anay YHEREH iGN vhéde R ﬁflgsgg?e%e%‘f’fr??\dke?gé %%ffegfeﬂsoeﬁ%m?nventi on,
respect i vedie 25p&h GIRESIAG Ayl 4Bxt | bhist hebeesewtliosr tyi exwseskist e

Depl oyrment . tem Qylinder of the present i ntj.qn, a SR is a

f1 ow cﬁwar?r%lefs%?ﬁ i igtthed t‘hegléj%&g "the Fglsr%drﬁqrgﬁ’nvgﬂ?i E%. SE?HE)ETAI LED
DESCRI PTI £¢dRef £6 1 mAguatedt dbyFiglinesihs dbe IBite wol dpff de@dt Ebodi nent s
of the system 10,. 10, of, .t.he se hpvepLi n b e NWPS i C

desi gnat of]tsu]ga e TR 5 Féfer pc?% sr%lé%?fi g%?gﬂ%%?g ofgu(?kﬁen%sst ructure. Those
cor r espondyduea 35 aedivgdattdps apeliet rigp £her 2eEiye) CEyRPOET rafdre™o el ement s
5 OCT 2004 WO 01/77000 PCT/USO /10701 5 having. a simlar or identica

structure and function to those el enents having nuneric designators
W t hdut tBRIFRF iDBSCROATEON. OF HUF PRAAVINGUst rat es the active depl oyment

system 10 A more complete understanding of the structure and
operation of the present invention may be had by reference
to the following detailed description when taken in
conjunction with the accompanying drawings, wherein:

15 FIGURES 1A and 1B illustrate perspective views of two
different embodiments of +the system of the present
invention;

 FIGURE 2 is an operational £low chart for the system
of the present invention;

20 FIGURE 3 is a logical block diagram of the system of
the present invention; )

FIGURES 4A and 4B illustrate perspective, and -side,
cut—aﬁay' views of the deployment system cylinder of the
present invention, respectively’;

25 FIGURES 4C and 4D illustrate section views of the
Deployment System Cylinder of the present invention; and

FIGURE 5 is a flow chart illustrating the method of

the present invention.

30 DETAILED DESCRIPTION )
Referring now to Figures 1A and 1B, two different

embodiments of the system 10, 10' of the present invention
can be seen. Numeric designators are used to refer to
specific elements of the structure. Those corresponding

35 designators including a prime (') symbol refer to elements




5 of the present invention as it mght be nmounted to, or nechanically
engaged with, the rig structure 80 of an offshore drilling rig. O course,
the rig structure 80 nay also be described as a "heaving vessel", a
"platfornt,- or any other base, framework, or structure to which @p% 2004

. system 10 10 may be fixedly attached. It is assunmed throughout this:
description that the rig structure 80 noves in accord with the wave notion
of the sea (or a correspondi ng medi um supporting/surrounding the structure
80). The acti v& YU "¥Wnent system 10 operates to regul ate 8CFH§”GP§¥ance
LD between the mass or.load 60 and a destination point 195 toward which
the load 60 is being deployed. Typically, the load 60 is suspended above
the destination point 195 fromthe distal end 37 of a cable 30. The
proxi mal end 33 of the cable 30 is in reeved engagenent 20 with the cable

tensi oner or Depl.Qygent, Syfﬁfigfybfnqﬁﬁntﬁggiy5%9u09§£@9ahhe:ﬂﬂﬂi@@g to
sheaves 120 and the I|nd end sheaves 130. The system 1 5hoggrlses t he

Depl oynent SystéﬁpéylPhﬁ@?nti[ﬁﬁﬁlqﬂ'n@&BFéCtQEEQQﬂﬂﬁorEOWl cererRdter
32, a-stroke 23ysgpsor 40, and a processing means 150, such as a central

control unit 150: The acceleroneter 32. may be enbodied as a sin ,
nul ti-axi s accel er onBE@rre wht chl bitfet@isr 46€i 8REE Ve vEFBEPYRRRT tem 10

information gl ogg the tpadidhonahvéation and 1Z_ angemt( COEMRBLY &R0, A% A
"six" axis acceleroneter to -30 those skilled in the art, for +X_ -X_  +Y,

_Y, +Z, and -z mgeheRifatlvn ongagpd THehaccbier drigt eFTEYCTRER afo PR fde

up of several UBIcEhYr &CES] BN HPLRLS WOk CBoRF i d®eVeligCtYuchitd B0 may
directional heave novenment information for the structure 80, The stroke

sensor 40 is typieal Py eRB6ELREISAECT 3HBAVIND AT EH00 PCHRIRFERTTN70L% i n

' Elhe formof a pah néi;l@é@tk%se butramayozk s oobes arhedired tbnwhah efled® d8fstem
| hear OI’ r ot a

(hhnear o, 151 24Y) 7 2t DL RO 14 S0, TP o7 Je, So5 Ll K00 1
engagenent Wit habséheptréri trdt ek 33 Ofstrhetaadl 80 3Rovandin nadmataniical
the wave motion of the sea (or a corresponding medium

. supporting/surrounding the structure 80). _
The active deployment system 10 operates to regulate
15 +the distance LD between the mass or 1load 60 and a
destination point 195 toward which the load 60 is being
deployed. Typically, the load 60 is suspended above the
destination point 195 from the distal end 37 of a cable 30,
The proximal end 33 of the cable 30 is in reeved engagement
20 with the cable 'tensioneﬁ or Deployment System Cylinder
(DSC) 20, using the rod end sheéves 120 and the blind end

" sheaves 130. 7

"The system 10 comprises the Deployment System Cylinder
(DSC) or cable tensicner 20, an accelerometer 32, a stroke
25 sensor 40, and a processing means 150, such as a central
control unit 150. The accelerometer 32 may be embodied as
a single, multi-axis accelerometer, which gives directional
velocity signal information along'the traditional ¥, Y, and
7 axes (commonly known as a "six" axis accelerometer to
30 those skilled in the art, for +X, -X, +Y, -Y, +Z, and -Z
acceleration axes). The accelerometer 32 may also be made
up of several unitary accelerometers which provide velocity
and/or directional heave movement information for the

structure 80. The stroke sensor 40 is typically embodied




engagenent, typically fixedly attached, to the heaving vessel structure
80, or other structure, as described above. The accel eroneter 32 provides
a vessel heave novenebt 10 signal in proportion to the vel ocit éi@ﬂ
direction (heave velocity and heave direction) of the heaving 5 IZUUI’
structu 70‘5he stroke sensor 40 is used for nmeasuripgudsoveeent of a rod
assenbly wthin the DSC 20, providing a feedback notion signal in
proportion to the piston rod 15 novenent distance within the rod assenbly.
As can be seen in Figure 1B, the Hedve Velocity (HV) and Heave Direction
(HD) are a neasure of the heave novenent by the base 160 of the system 10
illustrated in Figure 1B as it noves in response to wave notion, for.
exanpl e, 8s ¢t AAVE cFubl peeeROidiamydmtd mam aléprbe ¢meediash 4™ to a

second location L2. The, processing ne such.as Jhecengdalcantrol unit
150, is %A eFBEPé?EaI @&Eﬁﬁﬁi cat’ onreﬁj%)t'he gﬁb[é) ter{si cr)gner 50 (usi ng

t he Hydr apddsnfRmeere deivicebiPil 1 Bkramch tive téosekekitbed ofn 4d)e =fie

processing nmeans 150 monitors_t hgave 2 tegbonale R Qiuged by the
accel er onEt&rC twswggﬁbggkggf:g%gl %rgf}rgé%g%g The~Stroke sensor, and
regul af esydiepkBk byaBdieust i3y dhethensianld 03¢e Bndpdin edechanidsd cabl e 30.
As can be seen in Figure, 1 t he. HPU.50 I i u HRU cont r ol
unit 110, °BgRIeMERtal CHREFBELHr FH5 lyad?ﬁg?%le%?’ o%%t hgﬁ%ogl%ﬁln ggf t he
active cylissler asseebliye 460, Ther ethsral siorecthingh pressdescmilredsupply 100
which is regulated by an air control 90 by way of an air line 180, as is
wel | knowkP?@¥ ¢ hose skilled in the art. The air b OCT 2004 WD 01/ 77000 7 in
conventi onal pReUNEBLdG GicRder 3ar pangedeat 8. veentél ohe®0e caovenehised to

pressurize the passive cyljnder stemto, bal ance Q e system
10, 1P opkFnalesibyPReR?Hgt s e df the p‘ég%?%ty c??‘?n%iegg%%}sc?gm@?ﬁ Vf@i ncl udi ng

a pre-chapgeskageunaidat Qleaved tdd rpcaibde bafantkef oheahend oate®®R4 0 be
depl oyed éé}éggare 80. The stroke sensor 40 is used for measuring
movement of a rod assembly within the DSC 20, providing a
feedback motion signal in proportion to the piston rod
15 movement distance within the rod assembly. As can be seen
in Figure 1B, the Heave Velocity (HV) and Heave Direction
(HD) are a measure of the heave movement by the base 160 of
. thé system 10' illustrated in Figure 1B as it moves in
response to wave motion, for example, as the wave surface
50 190 moves from a first location Ll to a second location LZ2.
The processiﬁg means, such as the central control unit 150,
is in electrical communication with the cable tensioner 20
(using the Hydraulic Power Unit (HPU) 50 and the stroke
gensor 40). The processing means 150 monitors the heave
25 movement signal produced by the accelerometer and the
feedback signal provided by the stroke sensor, and
regulates the LD by adjusting the tension force F applied
to the cable 30. .

As can be seen in Figure 1A, the HPU 50 may also

30 include a HPU contrcl unit 110, for manual control or fine -
adjustment of the position of the active cylinder assembly
' 400. There is also a high pressure air supply 100 which is
regulated by an air control 90 by way of an air line 180,

as is well known to those skilled in the art. The air



destination point 195. The pressure within the accunul ator of the passive
cylinder system 410 provides force on the blind end of the cylinder 410 to
support the | oad 60, as occurs 10 The 15 accunul ator of the passive
cylinder system 410 is sized to nmani pul ate the nechanical sti+fnggg ofig4 he
system 10, 10'. In the static condition, the cylinder 410 is bal anced at
m d-stroke with the |l oad 60 hanging fromthe cable 30 30', which is in
turn reeved one or nore times around a PCT/USO /10701 oppogichasem@dsiof the
end sheaves PB%V1Y and the blind end sheaves 130, 130'. Typically, the-
reevi ng arrangenment provides about a 4:17cable line travel ratio with
regard to the DSC 20 displacenent. Thus, as the sheave arrangenent pl aced
on the depl oyfRio1CYa nter Se Vised tive pushs2Oiz6adhe0 PREFAYS4CHELRART t he
DSC 20 noves only one neter. Hom%;/erd 6iof t he passive cylinder system 410
were used al BRECTRECPRIARFDN- BT YRS °0ad 60 caused by vessel heave woul d

create an unbal anged system 1Thu’ arsiragke passaking oy wder BpEEENT410

woul d be ineffective to provide 25 fully-conpensat d 60 /RyYseBpt, as
the pressure sylimider t3ustsEs $hfe c’;ﬂqﬂﬁﬁiéflgsfst%rﬁ %gig %?i &s with the stroke

of the cyingder, %&t}!cﬁi‘ b driden frovitdesl cadvaByi iy beadepbaved oke etk the
tension on the calf) e

30 produced by the |oad 60. .30.The sy tod0" of
t he i nventi ordesdlivesiohePpidhl AR of %ﬁrﬁésﬁfgsgh%‘el%m i ﬁ%tcﬁgﬁh%gsgi ve
cylinder system é}% Qgsi‘;@%?ﬁ@aémgsﬁt@ctlw systaieor facts ven cghender
assenbly 400, Wwhic Ps"contro

central cont riglingignd 50 t5® l,-;ﬂrgé’%gﬂﬁ Ct?cl_)l guéﬁj%r{]gh%%eﬁ gfégoago and

PCT/ USO1/ 10704 &4 eﬁﬂvecémﬂfbn%ri t PReGrdd & 3@ylianaederatangenende -a
| 10 The accuﬁulator of the passive cylinder system 410 is sized
to manipulate the mechanical stiffness of the system 10,

10'. TIn the static condition, the cylinder 410 is balanced

2t mid-stroke with the load 60 hanging from the ceble 30

30', which is in turn reeved one or nore times around a

15 sheave arrangement placed on the opposite ends of the
deployment cylinders, viz, the rod end sheaves 120, 120

and the blind end sheaves 130, 130'. Typically, the:

reeving arfangeﬁent provides about a 4:1 cable line travel

ratio with regard to the DSC 20 displacement. Thus, as the

20 léad 60 moves 4 meters, the DSC 20 moves only one meter.
HOWevér, if the passive cylinder system 410 were used

alone, acceleration 6f the load 60 caused by vessel heave

would create an unbalanced system. Thus, a single passive

cylinder system 410 woﬁld be ineffective *to proVide

25 fully-compensated load 60 movement, as the pressure within

the passive cylinder system 410 varies with the stroke of

the cylinder, which in turn provides a varying reaction

force to the tension on the cable 30 produced by the load

60. |

30 The system 10, 10' of the invention solves the problem

of varying pressure within the passive cylinder system 410

by incorporating an active system or active cylinder

assembly 400, which is controlled hydraulically {using the

HPU 50, 50' and central control unit 150, 150'}), to add or



ful |l y-conpensati ng bal ance for vessel heave and the weight of the | oad 60.
Accel eroneters, such as the accel eroneter 32, neasure 5 the HV EI&UH&B
provi ding signals proportional thereto, and send signals to tﬁe53 04
(and/or central control unit 150), which controls the hydraulic punp and

not or sx%gmmgouppl ying hydraulic fluid through the hyggudoigodi nes 170 to
the active cylinder assenbly 400. The stroke sensor 40 10 provides the

f eedback notion signal to the HPU 50 (and/or central control unit 150) in
a simlar fashion, so that the actual notion of the cylinder rod can be
nonitored as it responds to the hydraylic, pu and | oa . . Thus, the
active sysneYs 466783OPr KA déBewi ¢ 1I"FydlL:{guIJiAc) ?’Pgﬁran%o 1%*%8%?‘%-“;% to extend
or retraghyihepisdndiod wallhhBet Bor ogbbatlelieddd asdnelcessarghtto maintain
depl oynment of the |oad 60 in phase with the heaving vessel or structure
80, as ©heth@ NI AP-| owers or raises the | oad 60 by means of the rod end

sheaves 120, Qlind eptisheavesch3Qs aRd tktale2Omdosn Sheamessdfe Thus, the
Active Deploynent System (ADS) 10, 10'  naintains nfa%¥ constant notion
control bthethé feddidr pheEBW HRABEHE HREPRGLLRRA L ehERSET” At e 30

attached e,L9ad 60 el abyesho (hei/oloatdmganesseit eyl stmiict ure 25
80, 160.S%€?a%ﬁgﬁé the@cabl e at the distal end 37 to the |oad 60, and

reevi ng 15@) preki.ahl centralssabher AvpHRiC HBENENhPRF afd BT nd end
sheaves 120..130. af i it st e @gvant ager 14 her®SC 20,
al | ows tﬁ‘épfibé“l% @%PJ!%IIJ.QQ AL uid aﬁﬁéoﬁhs 15:1:% }?@3’ 1

act as a powerful hydro-gneumati c spring. The cable
30 30 | engt the neasivedfrionidarhassenbhy1400t o The Fbaake0SeReT chhtrolled in

direct respopse to the heavin tjon of I1he. , vassels@rset rdghus£ 80, 160.
Hi ghtbr eEEEYJeC?%‘? rthe g?? |azce%qné§r)ll% esJbg{r}anldete()nd@%lf'S t he pass(i ve cylinder
syst em 438nesa P chroadbisuppar 160y edi usinNemdasstiopnt sof thak B¢ vol ume on

5,0 CT, 2008 V0 G 11000 FETLUSOULA07 310 el ittt o o the
responds to the hydraulic pump and load 60. Thus, the
active system 400 is provided with hydraulic flow and

15 pressure to extend or retract the piston rod within the
cylinder 410 as necessary to maintain deployment of the
load 60 in phase with the heaving vessel or structure 80,
as the winch 140 lowers or raises the load 60 by means of
the rod end sheaves 120, blind end sheaves 130, and turn

20 down sheaves 70.

Thus, the Active Deployment System (aADs) 10, 10
maintains nearly cénstant motion control of the load or
mass 60 by controlling the length of cable 30 attached to
the load 60 relative to the floating vessel or structure

25 80, 160. Attaching the cable at the distal end 37 to the
load 60, and reeving the proximal end 33 several times
around the rod and blind end sheaves 120, 130, affording a
travel distance advantage to the DSC 20, allows the ADS 10
to act as a powerful hydro-pneumatic spring. The cable 30

30 length, measured from the winch 140 to the load 60, is
controlled in direct response to the heaving motion of the
vesgel or structuré 80, 160. High pressure air is utilized
on the blind end of the passive cylinder system 410 as a

load-supporting medium. No adjustment of the air volume on




the weight of the | oad 60 has been established and bal anced. A

hi gh-pressure air supply 100 is connected to the 5 cylinder 410 to neet
the required load, and hydraulic fluid, carried in. the lines 170, is used
in the active cylinder assenbly 400 to provide constant notiwerh O@T POk

as well as speed control of the rod in the event of cable 30 breakage. To
under stand the operation of the speed 10 control in the active cylinder

assenbly 400 'ﬁugaﬁe refer to co-pending patent applicat PERUSE/10701
09/733,227,““% &'h incorporated by reference irk its entirety. This

specially designed and calibrated speed,limting systemis provided as an
adjunct to the active cylinder assenbly 300 tolimt 15 the term nal

velocity of the active cylinder piston (see piston 420 in Figure 4B). The
ADS 10 is therefore an. active device. Signals fromthe

Sstr S r 40,
whi ch al | ow tihe PEOGRESMmY siEanst d:hecémlrlalrieeoﬁt"PollSuﬁﬁef:eiﬁg‘]é% %ﬁ?t or

the notion of the 2Q piston 420 i goal sakr opréhe anctllesbret eangd2,
whi ch aIIow&tHQN3W§éﬁ£FaI°£on r%lq%%F? to nonitor the reaction of the

structure 80,160 dgd.r esponse to novenent of the wave surface 190, are

processed and sent_ to, the HPU 50Q to. L&Pp1 ¢ heobovieregdnrafctickie ves§BE or
structure 80,, 16 k%%ﬁﬁ?ﬁf%ﬁ?rghéﬁfggd %% %tationary.. the or

; s g) dr%%é%k
struct ure 80, o Jpthadieaues upnandedr Tennwardlshdt HeaRay e’ r FAEE , the

HPU 50, in é?ec;ronic comuni cat i on, Wi e centn@ledcont rohe woittives0, is
signal ed to st¥ekd t RRTHIET on"4 %:P%ﬁéihn of the active cyIinq$

r
assenbl y 400 £0, {Ridy 2l fsdira ydesior ecb 3000 | ANTRANEIIEE 667 Fypi'cal |y,

the piston 420 1s comuanded to V. ' SANE, MO antas it heblleave
vel ocity HV ofst¥elkipsicEReed 8‘6?“?%& Vgaé Q:Heh%

. _ nd 1n a direction ?Fhkﬁgcﬁﬁﬁgﬁﬁs t he
heave directigp HR:Las geasured ubgerheandc taker SRR CF32)C ¢ 2 O
01/77000 PCT/USOlllO?Q%, 10 Tu ningcg y%éékFiéﬁgﬁbf§ 4ﬁbﬁﬂﬁMé@daﬂﬁﬂfer
operationt dpagram Br thReSyitem can be seen. After taking the

to co-pending patent application No. 09/733, r

incorporated by reference in its entirety. This speciélly

designed and calibrated speed limiting system is prov%déd

as an adjunct to the active.cylinder assembly 400 to limit

15 the terminal velocity of the active cylinder piston (see

piston 420 in Figure 4B).

The ADS 10 is therefore an active device. Signals
from the stroke sensor 40, which allow the processing means
or central control unit 150 to monitor the motion of the

20 piston 420, and signals from the accelerometer 32,'wh1ch
allows the central control unit to monitor the reaction of
the structﬁre 80, 160 in response ro movement of the wave
surface 190, are processed and sent to the HPU 50 to match
the movement'of the wvessel or structgre 80{_160, keeping

25 +the load 60 stationary.. As the vessel or structure 80, 160
heaves upward or downward on the wave surface 190, the HFPU
50, in electronic communication with the central cgntrol
unit 150, is signaled to stroke the piston 420 in or outlof
rhe active cylinder assembly 400 to maintain the desired

30 location of the load 0. Typically, the piston 420 is
commanded to move with the same velocity as the heave
velocity HV of the structure 80, 160, and in a direction
which opposes the heave direction HD (as measured by the

accelerometer 32).



system out of a standby status in step 700, the system 10 heave sensing
and conpensation systens are disabled, and 5 the winch cable_is prepared
for stroking the passive cylinder 410 to its m d-point. The(;c5lm@'pqrnggflo
is charged in step 720, and the load 60 is deployed through the splash
zone i Nty khsgpater in step 730. At this point, an autgerae®n@oi ng program
is activated, and the active cylindf 400 10 is centered using the
hydraulic punp in steps 740 and 750, and the system 10 is placed into the
active conpensation node in step 760. The | oad 60 is deployed while the
active mode i, MRigNt@neds | P‘iﬁﬁ?@ 270.anl fabirds detder opaett itdatl t he 15
structure 80 V\:ﬁ| remain attached to the vveII'heagl'n step .780, .and that the
oper at ordrgtamestorerehly Fveapl By €M ®Fo38°BO u %rt eq‘?@il@ﬁ i he cabl e
30 in st , e CLy ofpansatiostey) o Wide aigregenioeri ng, and
heave s%ﬁssiije%g,oﬁlé]f b% %tér/lﬁ%b off in step 800. If the erator 20 deci des
to depl oyedire boasi®Bd asfngorhenagtie SYSEERT | ﬁrestdéﬁa%gﬁ’,d't t he wi nch

cabl e 30, .ackened;.i £p and the agiroke@ngONBRES b wedde remai ns
enabl%ed.tﬁlie%%lgla ggb%é' ﬁen%ﬁ_ﬁeved in stegs ggo and 830 untjl it is
safel y cewhindsir 430 Wwel Lheatidprindet i Vdec Frihaeer 4680 &5 2813 t aken out

of the e is"teeg:%e”%%\%i\; Pﬁen].)g§diéb StLRB3AGyed! Ehkbﬁ%@p@@tﬁlm er mi nes

that the structure’s not remain attached to the well head in step

780, themorideintactive worpensatstop e r difai Hsl erflgde &1 3HS Structure

80 is renpved fromthe wellh r - 30 + Ofpd S
conpl et e%e,ntt%ngcﬁr\?grggln%gngg ?%#é%dgﬁﬁgthggﬁﬂkgge%??ﬁﬂ% ep 840. Turning

now 1o Flgusensrea hoging hihecbhydicagt am pinp t e syepeni 40 1 tHO present
embodi ecPa 108 BE9E39050 W6 P00 RETI G0l 710701 T1URTeet FoRl ¢ and/ or
mechani cgbgdarrdwieg, 7¢0f.tware, or a conbination of these. Thus, for
exanple, the IThiersgLoggdeGrO is deployed while the active mode 1is
maintained in step 770. If it is determined that the
15 structure 80 will remain attached to the wellhead in step
780, and that the operator desires merely to deploy the
load 60 using tension in the cable 30 in step 790, then
active. compensation, along with auto-centering, and heave
sensing, will . be turned off in step 800. If the operator
20 decides to deploy the load €0 ﬁsing the active system in
step 790, then the winch cable 30 is slackened in step 810
and the active compensatioﬁ mode remains enabled. The lcad
60 is then retrieved in steps 820 and 830 until it is
safely clear of the wellhead. The éctive cylinder 400 is
25 then taken out of the active compensation mode in step 840.

If the operator determines that the structure 80 will
not remain attached to the wellhead in step 780, then the
active compensation mode remains engaged and the structure
80 .is removed from the wellhead.  After the removal

30 operation is completed, the active compensation mode 1is
terminated in step 840. '

Turning now to Figure 3, a logic block diagram of

the system 10 of the present invention may be seen. EBach

of the components of the diagram may be embodied as



j
e’

nodul e 200 nmay be an integrated circuit, a software program nodule, a
series of operational anplifiers, or even a 5 nechani cal assenbly capabl e
of summ ng various nechanical inputs, as are well known to thogpogéilled
in the art of control system operation. Any of the other nodul €s 0260
may |ikew se exist in the formof the various conponents. There are two
sets of .signal/feedback information 10 which are used to drive the
operation of the system 10. The first is provided by the streke/eaasor 40,
appeari ng in‘”?fﬁﬂ¥§'3 as the cylinder position feedback nodul e 240 for
the active cylinder assenbly 400. The second is the heave novenent
detection system which neasures the heavel 15 vel ocity HV and direction HD,

represented by the wave acceleroneter nodul e 320. The position of the

piston 420 is determned -several tines a second, and fromthis, the
di stance, vel ogidyt Al Aceekigbat | veciodnitded phatrdwango cadftHESdet €Fmi Red.

20 The heave direction 355 be fe wat g fd. 1Re  +taeceligkenmabaer320.
The adder 200,C?WP%Qﬁ§ﬁ°qea S 550 tﬁ%ﬁﬂéecond égﬂ%{ nodul e 210 and creates

a hydraul i ¢ puppasEsazob raty beeandiete@rtasucgdcuihni 8hSeERRES MEGCRE punp

nmotor 220. The pu demand, . in rn, LAUSEs hheaanesh: @l veo23kadn ta
open, causing PRATIDFC20°Fo vég'fﬂ% pos?%ﬁ%n aj%?ornalion derived from
the moveners OhetheniSQ 20ssamblyt repgeddebyoh WA JGRE IS (g atd&arte

240, is fed back after ' | PRoWh thoarReset kN1 DEASeh shgnakt28d if
desired, (suchi3hiy 2 %gngggi R F i

from movenent by the 30 passiv ll.nder
410 due to changesroh syesdmaperablen 30 Avpighither thefarﬁ%?Q%%i%ﬁﬁe

‘third adder nodul e fﬁéﬁf S, &51IPCi RO | QUL eedhackvaikgoas ofponEessi gnal
|

270 is then mifYiptied by several f eedback signa 0, ,300 " for
input into the firsThemklemreodivye ZFS - °9 @@F@J&%B\%&SE/ ﬁb%%}‘g‘t%%
PCT/ USOL/ lP(;Olwh}:ghV\gifiee Jdhe vayeqackel efoneberatshul ef 328 cysbened O th
the stroke sensor nodule 240, provides piston position, vertiégﬂiﬁgﬂﬁgity,

and vertical atbel Bimst o¥s inHooregei B, the stroke sensor’ 40, app
Figure 3 as the cylinder position feedback module 240 for

the active cylinder assembly 400. The second is the heave
movement detection = system, ‘which measures the heave
15 velocity HV and directioq"HD, represented by the wave
accelerometer module 320. The position of the piston 420 is
determined -several times a second, and from ¢this, the

distance, velocity and accelexation of the piston 420 can

be determined.
20 The heave direction 355 may be fed forward frqm the

accelerometer 320. The adder 200, in turn, feeds into the
second adder module 210 and creates a hydfaulic pump demand
at ﬁhe adder 210 output; which feeds into the pump motor
- 220. The pump demand, in turn, causes the swash valve 230
25 to open, causing the DFC 20 to move. The positien
information derived from the movement of the DSC 20, as
tracked by the cylinder position module 240, is fed back,
after combinétion with a position offset signal 280 if
desired, {(such as may be derived from movement by the
30 passive cylinder 410 due to changes in the load cable 30
weight, for example) using the third adder module 260 as a
DSC position feedback signal 27Q. The‘signal 270 is then
multiplied by several feedback signals 290, 300, and 310

for input into the first adder module 200.




the heave velocity feedforward nmultiplier nodule 340, and 5 the heave
accel eration feedforward nultiplier nodule 330 are used to tailor the
system 10 response with regard to the velocity, and accelebhaif®r?(§hgnal s
which are fed forward into the first adder nodul e 200. The KVFF 340 is a

velocity feedfarward multiplier. 10 The heave vel oci tpcro@add i on from

t he heave novenent accel eroneter inggt is multiplied by the KVFF factor to
all ow the DSC 20 to change position ster when ocean waves are in a
dynam c state. Thus, the nechanical portions of the system 10 can react

faster as the yal it ghvkhgcuaYErdbefandddiarf e, tbebihddchariges. As
the wave activity subsides, the KVFE plays an increasingl gﬁsrral | part in

det er mi ni tige t BerbknalseDECr 200gusEt 240, FHOVIRESs Bt SKEFPORTE SN terns of

second/ net er, or_-se t. e FoLP apcaceelelat i enrbemdf domar d
mul tipli e‘r’?rtjzcéalrhggﬂgéa% ’ve?%-%i tvgéign?or mat icon is differentjated with

respect tthé¢iheave gelecihe fa@éf@lfw%%ri@‘él*bwlhl%vém%eocﬂ%

accel e‘fha.tto“ 32,98 1V 13 YLLT Rded R lfe mdiRE 168 ralduNIENE3FEC 1 O
react Yui tkfy, ®as°sdon as heave novenent due to wave nmotion is detected.
It is theakdFEs@d sbgnalilnhi cheermtsiten tife wasneypel 0viid: MArEIdmERli atel y

respond to the anset of wave actiyi . Jhe d. o theickal 4e-of redhe KAFF,
the fasteFPehe” lé:r%’loaﬁléiacfagfzey %{\%%/%I?, Slilfadtq‘é% KAFI%cvaI ueei s too |arge,

then the BSG261 Wwitld theadtirto adder ievdnlwi2d®. rat her than actual waves.

30 The units of operatiaon for the E. ar a 3 or second
squar ed/ feet . Hte FEEHLaY st§ndl s‘% %oggglag%ﬁﬁe%bg@%%ﬁl{%%%
(vel ogi t yrhieedkask) , vansc KAFB iqdoeaketat i dirdreethackeare nawahers of the

T S R el BT (grtiop i e i
PCT/ US01/ 40764 thd thgd iz teodhbegd80pesanton aISC abedl ecgeronc¥e@dback
nU|tip|ie£rgD9H|g %%gaﬁgg IR, 0RPOSIHHL,AN tRct Re heRIEQIWBEELions of
the system 10 can react faster as the velocity of the wave
15 (and thérfore, the HV) changes. As the wave activity
subsides, the KVFF plays an lincreasingly small part in
determining the final DFC 20 position. The units for KVFF
are in terms of second/meter or second/feet.
The KAFF is an acceleration feedforward multiplier.
20 The heave velocity information is differentiated with
respect to time to give the rate of change of heave
velocity. The acceleration so derived is multiplied by the
KAFF to allow the DSC to react quickly, as soon as heave
movement due to wave motion is detected. It is the KAFF
25 signal which enables the system 10 to more immediately
respond to the onset of wave activity. The larger the
value of' the KAFF, the faster the system 10 reacts.
However, if the KAFF value is too large, then the DSC 20
will react to mere wave nolse, rather than actual waves.
30 The units of operation for the KAFF are second
squared/meter or second squared/feet.
The feedback signals KPFB (position feedback), KVEB
(velocity feedback), and KAFB {acceleration feedback} are
analogs of the feedforward signals. Thus, the DSC position

35 feedback multiplier module 290, the DSC velocity feedback




signals to stabilize the system 10. Typically, the absolute values of the
KPFB, KVFB, and KAFB nultipliers 5 cannot be determ ned until tﬁﬁ' %ﬁ&ual
systemis tested, or at least sinulated, to derive react i on Xt i
information for the nmechani cal conponents activated by operation of the
swash val ve 230. The swash val ve position feedback nodul e 250 provides a
si npl e feedback | oop for the swash valve 10 controls to ensure that the

swash val ve %?8 H-P/ﬁ(ioti on approxi mately matches the denmandpcEasciaxanpl e,
when the denand 1’ 50% then the swash val ve shoul d be open at

approximately 50% of its fully open val ue 3The KPS value is positional

f eedback only for the swash val ve 230. ThZaL 15 | arger the value of KPS, the
| onger the swash valve 230. wll take to reach its final position;
however, |arger values also contribute to stability. The value of KPS is
di mensi onl ess. yEhe:piasr nadatke 3300 constli tieePE | EPIGHOP iTF5IPS to

the adder nodul e_200, , and serves,.to i nt.ai : DSt | PR Ofeddriwead when
m nimal or no WEAELPlighECTYe EBrltgsgﬁ. qhoﬁ%@%??t%/\ﬁgn t he h.ea?/e vel oci ty

exceeds a pr egggggm, negb Cretakdali zheavke ved odieny, 10he bi B¥P5FYNY  FP6vi ded

by the nodule 370 is overriden, land th av C engaid ofySighie@rs
(actively conpeh&atebe syatsff togker@‘e ol\%%grn_& F.ﬁb’ﬁgés%ﬁ and 4B i1 l?tst rate

per specti ves andaghee, beCtbtamaynad ewtidf thise aDEER R0SHFL Ml Sy gm0 OF

respectively. As gentjongd ahove, .th 20 dncldes manig@oardtiied dd nder
assenbly 400 afd ggﬁﬁjgsf%ulgaa:ﬁcﬁdg% g;e/g?‘gem 210, The gi ston. 420 whi h nhoves
in and out of the asidhemiceyl i FmimongsEemASFEGeHs HY xBBFY2 Bt Thched 16 t he

rod end sheave suppoar 80gq Wni gl | 1, 14 R NS @S st B oh 08e edishcls heslds: 120.
As can be npst Sé’ﬁ%F’l }rafshef%ng?%' Figure 4A, the 5 2004&$ 01/ 77000
)

PCT/ US01/ 10701 2504 stavildess enseimali® | Se¢gieal J-‘EPH’mﬁﬂfe S[“Wéaz‘gv elvOeT t he
active cyl| pder agsenbly. 400,,30d ausit ok £9a380.vatupi @abl yosatuadl y
| ' approximately matches the demand. For example, when the
demand is 50%, then the swash valve should be open at
approximately 50% ofrits fully open yalue{ The KPS value
is positional feedback only for the swash valve 230. The
15 larger the value of KPS, the longer the swash valve 230
will take to reach its £final position; however, larger
values also contribute to stability. The value of KPS is

dimensionless.
The bias module 370 constitutes a low-priority input

20 to the adder module 200, and serves _to maintain the
ﬁosition of the load when minimai or no vessel heave is
present. However, when the heave velocity exceeds‘ a
predetermined critical heave velocity, the bias signal
provided by the module 370 is overriden, and the heave

25 compensafion system (actively compensated system) takes

over.
Figures 4A and 4B illustrate perspective and side,

cut—éway views of the DSC 20 of the system 10,
respectively. As mentioned above, the DSC 20 includes an
30 active cylinder éssembly 400 and a passive cylinder system
410. The piston 420 which moves in and out of the active
cylinder assembly 400 is fixedly attached to the rod end
sheave suppoxrt 380, which in turn houses the rod end

sheaves 120. As can be most easily seen in Figure 43, the



fixedly attached to the rod and sheave support 380, is used 5 to derive
the position of the piston 420. As can be nore clearly seen i bg%rzﬂﬁp,
t he passive cylinder system 410 conprises an annul ar tube or 52 i

cylinder accunul ator 440 used as an air bank to hold a volune of air at

the presgsyhfrhfRcessary to support the load 10 60 appli@eypiudve passive
cyl i nder system 410, which includef%the wei ght of the piston 420, the | oad

60, and the cable 30. The accunul ator 440 houses the inner barrel 460 of
t he passive cylinder system 410, which in turnis ported to allowair or
ot her fl atdokedsansar md0eibr sypikalls meenhafater t4%0 ai6Ss porie t he

passive cyl inder_ rad 450. t nnylys 490 (,apeumykatorisgan be
pre-char@é%iY% Cpﬁéngégir%a;%ﬁggéu?@q?orgggsp%n ing the load 60 such that
the cyliaggicany 4b6tatsaliny edttached - s¢ r bhe wttreke tseasieedyd0 oind he passive

cylinder system 410. The annylus 510 serves 20 retapp ai ressure
bui | ds afaFRety tHd5ed o456 rﬁ?r%%@lipﬁﬁﬁﬁuziﬁ§o %,gggﬂ #% ?%%% with, the
passiye rgyhiPdRS SsStRMI410ni 61t fite getdtwm @poi.nder assenbly 400. The

passive cylinder rod 450 extends _.up throygh_the passiv cylin i nner
barrel 460 i Mm% @%Re9&1WQR?(SH%%E&€?S§§§e |€l§§r503§'m§2?e¥??5?§gthreaded

into, or.pihedan seyatéached, doapribesbant emmflarhetast i e pybsider piston

420. Thus, the passive cylinder rod 450 and the 3gtivetcylkﬁgﬁr pi ston 420
form an Frttefer arrEnutafeediffe U964 AZeABl yiEa02Ht F8 A%ME tdsition of

the rod assemb! ¥r 540 Wi ¢hel rEBBILLEN RSCAYsFE; thhe ssibboke Skasboad0 and
passed on to the central control , unit he Qosition,

50 to determn
di st Bhce6Pr aarnlcegd el o*éh?y,Paa‘?ﬁ}"&ccéﬁ’iﬁafi?Bn BT %éb’ZO.hJI%h better

under st angd.{ ige Qﬂ{@tdeci%ﬁf oehenBSEi 4o@sa2d, apRXalRs 60, aAndutikenpensat ed
envi ronnment, reference y be made to U. S. 1- 5 OCT 2004 WO 01/ 77000 15

PCT/ USOL£4BY013Pat eBle NecCune3e:cg7#40 howsgsr 4bedipyereParEfte?®®rein in

its entipety, Vihen hydraslingel! uidess ProPachidl art Reractbvgorted
to allow air or other fluid media to move from the
15 accumulator 440 to support the passlve cylinder rod 450.
Thus, the annulus 490 (accumulator) can be pre-charged to
the desired pressure for suspending the load 60 guch that
the cylinder rod 450 is moved to mid-stroke within the body
of the passive cylinder system 410. The annulus 510 serves

20 to retain air as pressure builds against the piston 450.
Directly attached to, and in line with, the passive
cylinder system 410 is the active cylinder assembly 400.
The passive cylinder rod 450 extends up through the passive
cylinder inner barrel 460 into the active cylinder assembly
25 400, where it is threaded into, or otherwise attached, to
the bottom of the active cylinder piston 420. Thus, the
passive cylinder rod 450 and the active cylinder piston 420
form an integral unit, called the rod assembly 540. It is
the position of the rod assembly 540 which is monitored by
30 the stroke sensor 40 and passed on to the central control
unit 150 to determine the position, distance traveled,
velocity, and acceleration of the DSC 20. To better
understand the operation of the DSC 10 as it operates in an

uncompensated enviromment, reference may be made to U.S.




cylinder- housing 430, via hydraulic ports 550 (and 5 hydraulic |ines
170), hydraulic force is applied to the active cylinder piston 420, and
t hereby, the rod assenbly 540, as hydraulic pressure builds within the

annul us 520. The hydraulic force is controlled using the HPU=5D,06Hhixim,
nmoni tors the displacenent of the DSC 20 (directly, or 10 indirectly, via
the contol unit 150) relative to rig heave novenent HV, HD. The HPU 50, as

commanded by the central control unit 150, provides flowcyigipésur e
using hydr¥@I0¥E% uid, or other fluid pedia, which may even be air or

gas, to the active cylinder piston 420,  pushing up 15 and down on the
pi ston 420 as necessary. Thus, in operation, as can be clearly seen from

and 4A, after the cable 30 jis fed off of EaWMhChek4@enick hereéeved from
the wi nch 14Baténtoulih oﬁeGB%ﬁ9{QKe%ﬁj%ﬁﬁogﬁgavespon the blind end sheaves

130 (possiblgﬁgcgﬁgﬂf@{ypassing over an alignnent sheave), and then up over
0

one of the r end sheaves 120Q at t 0ps Of plifjed@ctine  coHe nd@tiyssenbl y
400. The cabl e 30Mhen t B HAEEVEd 6%?:%1 down ¢

hrough a secon he in the
housi ng for gpfiPééﬁd h&sh rh e 438 13@@-aﬁ&”ﬁﬁ“&@ginﬂﬂf% neqz tﬁé%d

remai ning rod” 25 end sheaves . Th . e 3Qrs tihenappeiedl thr ddgh the
| ast (enpfy) hgtvavkic ol 1ERHR ﬁﬁﬁgd gﬁgxgﬁg%ves 130 Eéssunin

; éggéﬂhgpre are
three blind gngd; sheayesnddd prskdmoiatd @l thareies H90)* 10 Bhe or “more
P

t urndown sheaves 70 placed_ apart from LY Siamit0 @ taemuly 8ROr ot her
structure 30580, ﬁﬁehW§§auéeciEr?ﬁ%%r%Lééﬁgted:Bn the di st

| _end ,37., of
t he cable 30,7,,8%n FBF§§§&I&efb§c@.ppéi ednt oot e MM|%%rHPLf14%&’us‘f%gcr% he air
un

i nput port 4 the rod assenbly 54Q s, stygekeslp at(dir@dcpagition. The
stroke sensomof@torsypifdal P SROFNTE 1ét°?héh§%p portion of the aﬁtive
0

cyl i nder _Fi gures 1 B, . L. 5t ECTcRa0l WRiG1/ABPO0GePEFA1ESH2/ 1690157 1D
: assenblylﬂoofngﬁgségéé’ v e

posi tion change i.nfar LRanfe8 thetheodeassalibl y

540 (i.e., thevérehand¥, MB0showhei & i&&reasrgk. %ﬁe accglerogetggigé
A . ur
prOVIdes hea%ﬁmg%%inegkit 150, provides flow and press

hydraulic fluid, or other fluid media, which may even be

air or gas, to the active cylinder piston 420, pushing up

15 and down on the piston 420 as necessary. |
| Thus, in operation, as can be clearly seen from
Figures 1A, 1B, and 44, after the cable 30 is fed off of
the winch 140, it is reeved from the winch 140 throughlone
of the outer sheaves On rhe blind end sheaves 130 (possibly
20 after passing over an alignment sheave), and then up~o?er
one of the rod enad sheaves 120 at the top of the active

cylinder assembly 400. The cable 30 is then reeved back

down through a second sheave in the.housing forxr thé blind
end sheaves 130, and up again to one of the remaining rod
25 end sheaves 120. The cable 30 is then reeved through %he
last (empty) sheave of the blind end sheaves 130 (assuming
that there are three blind end sheaves 130 and two rod egd
sheaves 120) to one or more turndown sheaves 70 placed
apart from the system 10 on the rig 80 or other structure
30 80. The load 60 is then supported on the distal end 37 of
the cable 30, and pressure is applied to the accumulator
440 using the air input port 470 until the rod assembly 540
is atroked at mid-position. The stroke sSensor 40,

typically mounted at the top portion of the active cylinder



information for the structure 80, such as the heave 5 velocity HV and heave
direction HD. These signals fromthe acceleroneter 32 and the _straoke
sensor 40 are provided to the HPU 50 (typically, via the cent PaBldodiHol
unit 150). Fromthe rod positional information MD, the HV and HD,

velocitxwgggTﬂﬁpeleration can be derived for the novengmiushdneb: t he rod
assenbl y and accel eration can be_.derived for the heaving novenent of

the rig structure or base 80, 160. ?§he central control unit 150, including
the control logic of the system 10 shown in Figure 3, actuates the HPti 50
to provideehbey c400 pcprdtiole sambsitdosucdappenyafagratied uf et 157¢ hr ough the

hydraulic lines 170 t e, hydraul,l OmpOofsHg agt i ¥eq&yd i nder
assenblyrﬁgoasfﬁﬁégytﬁ%ﬁgcyﬁﬁ%’dg%F%yﬁgéﬁégégtg%]fb or regul%ting a
di st ance1tp, bet waee a smedkl-ondtéd ahf apdesideati brapei nmovewsat when the

mass 60 i s suspended above the destinati 20 poi.nt 5,810 di stal end
37 of t hénEQBN_ERPP atfPFchblE tﬁ?%ﬁcﬁgﬁ9in§&Vesngcgor§%tﬁ%$ 2%%?ﬁ% pl at f or m

st ruct ur gk1 801t AtHY ehdHedviealiesdt 88n aiD f heTlzadel @igBallncFudestle cabl e
tensi oner 20, an accel eronmeter. 32, a stroke sen @r 40 Qgidgdpggcessing

means i nEFBLEFPRRATCR oARCAtPON I S t e cRbI &°F eRSPORer- 20. the
accel er oggLefpg2 s0and yoieasl § 0keia SeRsoeedfraTheonteel enniret 6082 and t he
stroke sensor 40 provide the two signals, nece sary foh sys&gngég
operatioﬁromtﬁémpoé@@i@ﬁSFB%°%%¥e&BﬁPIHFE%%%Cg§”of B%e Y of i sRbl y MD
and the Bgaye:PVEABNhCskOBAk:1idMctanling e avied HPor Thhe 3@ovabert t ensi oner
20, in reeved engagenent w th the proxiggiﬁtend 33 gj the.c glg 30, and

mechbhi caf| hengageds 18ive 54Re a0 ngcoe I Fh&E® SappSrt SPTuct ure)
80, incl ydesyaaving Aseamly Mimdantediracapptyoa bessi 80,fb60e F to the
01/ 77000 TRETFEBOTALOPORE 91 1501t S 48R adBEREOLRRI FaF EBREFBT GRFTC150 (whi ch
TR, DS g BRUAF5 % P e, MERARSSIN Rggcan thepounsooroose
provide the correct flow and pressure of hydraulic £luid
15 through the hydraulic lines 170 to the hydraulic ports 550
of the active cylinder assembly 400.
Thus, the active deployment system 10 for regulating a
distance LD between a mass/load 60 and a destination point
195, when the mass 60 is suspended above the destination
20 point 195 from the distal end 37 of the cable 30 attached
to a heaving vessel {or other moving platform structure) 80
at the proximal end 33 of the cable 30 includes a cable
tensioner 20, an accelerometer 32, a stroke sensor 40, and
a processing means in electrical communication with the
25 cable tensioner 20, the accelercmeter 32, and the stroke
sensor 40. The accelerometer 32 and the stroke sensor 40
provide the two signals necessary for system 10 operation:
the position {or movement distance) of the rod assembly MD,
and the heave movement signal, including HV and HD. The
30 cable tensioner 20, in reeved engagement with the proximal
end 33 of the cable 30; and mechanically engaged to the
heaving vessel (or other support structure) 80, includes a
rod assembly 540 adapted to apply a tension force F to the

cable 30 under heaving conditions. The processing means




HV signals, and to regulate the distance LD by adjusting 5 the tension
force F applied to the cable 30. The cable tensioner or DSC 20 includes a
passive cylinder system 410 including a passive cylinder rpd 450 400
housing the rod and an active cylinder assenbly assenbly 5509 OGF 2084
assenbly 540 is forned by fixedly 10 attaching an active cylinder piston
420 to the passive cylinder rod 450. The passive cylinder system410 is
pre-charged with air (or other fluid nedia) to a m d-stpORESPISIOLI on of
the passi Wo@yT¥Ader rod 450 so as to suspend the mass 60 at 15 the

di stance LD, and to bal ance the weight pf the mass 60. The tension force V
applied to the cable 30 is adjusted by noving the rod assenbly. 540 in
proportion to the heave velocity (HV), and in the opposi,tg di g}eggi nto
the heave direction (D) tndheehensi armrftorde urisnibe (WapF8 3867 may 20 al so
be adj usted By° oV ng he rod assenbl: 540lnignmggggs@qégl pheporitd diase t he
heave vel oci t:ym]_a@'deheaw@tét%eldéitéﬁﬁ%?esass measured by the, \/va\ﬁ(ri]:J and

accel er onet er nygg(%iei 20, Fhgtif €15 addpistd diesnarid ofet®5d "oF thé invent i on.
As the passis\]fé cylinder system 410.i.s . pRatigQrednpeewroUust yadpssting

pre- char ged wivt Isignelper 3Chd® FiSAd Nedia, such -asagi ) so that the rod

assenbly 540 ti"é 8L, 2: 5 destaoke appdiedoroithe POY680: After this

operation; activé managenent of thr?erIQ)@d 6 pogi t il wddd respRRtiiD t he

destination/del i vBhg ik 1885H%4T'ns.” 30 The nethod f.ar dr%ggoegimthe
*195, wh

di stance LD be w%(agrt @g,stlgﬁsal@ and whegdestia@iivén ﬁi@ﬁﬂ erein the
mass 60 is 5en ed

y -the destipatio ' 18h f nemstihg dibeal roénd 37
of the cable &2 i anr eevéévéng%@ér%%‘r V\na?ﬁ&%%*e t ensi oner 20 i t he

steps of: (g@a%‘égnﬁ%yt hgheavene Bod & Je@fign SAS 015 77000°PCT 3L 01 16

-experienced by _t.he heawi vegse! +oorthot pessiwei ng
pl at f or myst r ugddacingO, aﬂ6@,Ct&W6nggl%1§ﬁe§h}lSQ%n .
i ' 0. :
cylinder rod 45 | | |
| The passive cylinder system 410 is pre-charged with
' i iti the
air (or other fluid media) to a mid-stroke position of
t
ssive cylinder rod 450 so as to suspend the mass 60 a

and to balance the weight of the mass 60.

pa
15 the distance D,

. . d b
The tension force ¥ applied to the cable 30 1is adjuste \%

: in i eave
moving the rod assembly 540 1n proportion to the h
. U -- 13 . e
locity (HV), and in the opposite direction to the heav
ve _

direction (HD) The tension force F on the cable 30 may
a1 . .

: ' : ! bosite
20 also be adjusted by moving the rod assembly 540 in Oppos

i ' ion, as
proportion to the heave velocity and heave acceleration,

measured by the wave accelerometer m.odu'le.320t | | X

Figure 5 illustrates the method of the 1nventlo:;° ':
mentioned previously, the passive cylinder system in :o
25 pre-charged with air (or other fluid media, such as.s% .
that the rod assembly 540 is at a mid-st;oke posi 12 o
step 600. after this operation, active-management o

. . \ver
load 60 position with respect to the destination/delivery

point 185 begins. | e
30 The method for regulating the distance LD between

i i ss 60
mass 60 and the destination point 195, wherein the ma

i 1
i i int 195 from the dista
ded by the destination polh
e ’ th the cable

is .
end 37 of the cable 30 in reeyed engagement Wil

i e heave
tensioner 20 includes the steps of: measuring th



rod assenbly 540 novenent distance MD, and adjusting the tension force F
applied to the cable 30 upon determning 5 that the heave veldciﬁyﬂﬁivzngé
exceeds a preselected critical velocity. Thus, the heave
velocity/direction and rod assenbly novenent distance are neasured in step
610, theyoheAuem vel ocity is conpared with a predeter mpeEdusatadmcal
velocity 1n step 620. Then, if the critical velocity has 10 been exceeded,
the tension force F on the cable 30 Hg adjusted in step 630. The tension
force F can be adjusted by changing-0r adjusting the rate of at |east one
fluid flowwthin the tensioner 20, such as the flow of hydraulic fluid
into and out of the hydraulic ports 550. This occurs 15 in step 640, the
rod assenhbyemant t HEh ded e dsinemppesit by hepbreVoRdt sehgdbe (el ocity,
and/ or accg] eration

5 01§ 6 9Bpt hg gonVventdn has, bees
descri bed®w'th m?@%%?eﬁ%g%?gr%pggFF?%ﬁgﬁgog?hents, thiggﬂespription is 20
meant to pedceestmnued BAada davenked semsencEhdbvardrglisadiiwefiIngatiens of the

di scl osed enbodi nents, as well, as, al.ternative i .
i nvent i onteRFPR pERHTE ?aﬁﬁQ}éﬁ? 8 t 5%éﬁggfédﬁgbga%ﬁfgéﬁng%ﬁgﬁ%rt upon
referepcernt® the desceéi pkilopiof Hheekoweds i anpreselsctefiereibieal 25

contenplated that the ended cl.ains wi| s Jodificatl.pgns that
fall mﬁthVﬁl??kF%copenggfhet'%véhawgn,ve%?gfﬁg{?f%%%FVa eﬁ%g. % OCT 2004
What is chasamshy Smotedeniactiveadepl ayaencasyseemicormtest 0819 or thegul ating

a distance between a nass and a desti,nation i i : SS IS
suspendedheéﬁ%vgeﬁﬂﬁlﬁgsPFnéFPgWIS'rﬁ£5#5%1ggg?gﬁnggﬁégggrgggggFe |

attached {@18citPvingspeat 620 m arhanpr 0Xi ke emdtbta;heetagiby bﬁ% system
Che Hhbl Boand SrEEHani O ERERUEREAC Rt AD. T o Bl et Far mowherein
the cabl eafipasi&dein i Medpidezn.a rik assesibhy fadapt &dcen dpphgiastedsion
L T e el o L
pl at f or m z8oetDkei 15 ensort dnei opeav2di ngueh faedifsc kK oot iodn hydgaal 1&n
prOportlogl&gdainto and out of the hydraulic ports B50. This occurs
15 in step 640, the rod assembly can then be moved in opposite
proportion to heave velocity, and/or acceleration, in step
650.
Although the invention has Dbeen described with
reference to specific embodiments, this description 1is
20 meant to be construed in a limited sense. The wvarious
modifications of the disclosed embodiments, as well as
alternative embodiments of the invention, ‘will become
apparent to those persons skilled in the art upon reference
to the description of the invention. It is, therefore,
25 contemplated that the appended claims will cover such
modifications that fall within the scope of the invention,

or their egquivalents.




novenent distance of the rod assenbly;
communi cation with the cable tensioner, the accel eroneter,
processing neans is adapted to nonitor the platform

sensor,

wherein the

and a processing neans in electrical

and the stroke

novenent signal and the feedback notion signal, and to regulate the
di stance by adjusting the tension force applied to the cable~52OCEh
active depl oynent systemof claiml1l, wherein the cable tensioner oﬁguises

a passive cylinder including a passive cylinder rod and an

active cylinder

i ncluding an active cylinder piston, and wherein the passive cylinder rod
Is attached to the active cylinder piston to forma rod assenbly. 3. The

active
S pr\é"-h

aFRp e

4
b 8l e fBINE WABroInah L Rasetd Bish

nt systemof claim2, wherein the passive cylinder system
Wth air to a md-stroke position of the passive cylinder

rod so as k0 SHSPGDLo ISt "BSiSmALorhBiordict RS
i 5

_ gctive depl oynent
system of dald¥ ma dTgﬁ';go the cable is

adj ust ed byhoi® HeNdestiftfion PeinPesHe Bltlistal ield @PRQSHIE @ttadpe®BROEL i ON t 0 the heave
novenent Smensy platlerm AhepraginaMsad dEpe Gyt He syt esmafsingl ai m 4, wherein the
heave nmovenent signal includes a heave velocity. 6. The active depl oynent

syst em of zkaliendhsiongren aéaved leagdgemont withviberpreximas peshaf thencl udes a heave
di r ect i on. cabl and in mechanical engagement with the moving platform, wherein

the cable tensioner includes a rod assembly adapted to apply a tension
force to the cable under heaving conditions;

an accelerometer for providing a heave movement signal in proportion to
a heave distance of the moving platform;

a stroke sensor for providing a feedback motion signal in proportion to a
movement distance of the rod assembly; and

a processing means in electrical communication with the cable
tensioner, the accelerometer, and the stroke sensor, wherein the
processing means is adapted to monitor the platform movement signal
and the feedback motion signal, and to regulate the distance by
adjusting the tension force applied to the cable.

The active deployment system of claim 1, wherein the cabie tensioner
comprises a passive cylinder including a passive cylinder rod and an
active cylinder including an active cylinder piston, and wherein the
passive cylinder rod is attached to the active cylinder piston to form a rod
assembly.

The active deployment system of claim 2, wherein the passive cylinder
system is pre-charged with air to a mid-stroke position of the passive
cylinder rod so as to suspend the mass at the distance.

The active deployment system of claim 3, wherein the tension force
applied to the cable is adjusted by moving the rod assembly in opposite
proportion to the heave movement signal.

The active deployment system of claim 4, wherein the heave movement
signal includes a heave velocity.

The active deployment system of claim 5, wherein the heave movement
signal includes a heave direction.
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