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offshore lifting and landing operations. This is because it may be desirable
for a vessel subject to wave action to maintain the load in a fixed location

andlor at & cofiiackfeninl, HEAYE SOTRERAAN HYREA TR pperate

in a variety of wWays including via active heave compensation modes
where the system controls tHEEROSRICOMREN$FRBOBassive 10 heave
compensation modes where the system controls the tension on the load,
and combinations of both active and passive heave compensation
modes. A winch-based heave cobfdehSERiBF™NAtem may operate in both
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line supporting a load, and may include a number of sheaves that the line
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moves over or flexes at one or more (often multiple@ elements in the,
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travel or flexing without line travel) when the heﬁ/\\/}ﬁ comﬁensatiﬁ)n g%(?tgn
g 3

D EREr RGBT TP S e T D ALE SRR SOgh R Wel
lipssvnatedkundite noaaterial padies lbavesieebdhbsieforemdéere is a

need for a heave compensation system that operates to reduce the .
amou nt%f"ﬂ%%l]%a ?g]ﬁ?gvl’fncéj PSP B rsé%gﬁlﬁﬁé) Pﬁé%ﬁ%lg‘legé’?hfﬁ“. Ragsive and
SIAMABYe, mirbepareathadiinenine tiesaecoolpdedatiosupysteng sload, and
provide tg/at reduces stress a igue on a line by V&Vi%‘}%ﬁlﬂ{ﬁ%?
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suspended from one end of a line into'a marine environment, where the
otiysemnahdfhg be damaged or fail due to fatigue caused by the line continuously
bending back-and-forth over the elements (by travel or flexing without line travel) when
the heave compensation system is operating. This problem is particularly present with
lighter-weight lines made from fiber materials other than steel. Therefore, there is a
need for a heave compensation system that operates to reduce the amount of fatigue on

the line in order to prevent line damage or failure.

SUMMARY
In one embodiment, a heave compensation system is provided that reduces stress
and fatigue on a line by providing a direct acting heave compensator with a single
sheave system that moves up and down on a curve profile defined by the heave

compensator.

Another embodiment provides a heave compensation apparatus for a load
suspended from one end of a line into a marine environment, where the other end of the

line is handled by a vessel. The load compensation apparatus comprises: a sheave



line is handled by a vessel. The load compensation apparatus comprises:
a sheave 1 WO 2008/022125 PCT/US2007/075899 support base, a
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mounting frame with an axle, and a compensator control that controls
sheave position and motion. The line handling device maybe located at a
first location on.the vessel and is.at tially respensiple;far handiag
tﬁ@ﬁﬂg.abfﬁeé %ﬁ}é%a\)féa 2%%6%? lggsé,ste}%ng??#eﬁllocated ata gecond’location, )
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linesk@ndling device and to direct 20 it to the load. The sheave may be
movably coupled to a base located at a second location on the vessel
displaceg] fram,thefirRuiacatiomn AsanteprRiaesasitel @pasaidition for a load

connected to the movable sheave provides recjprocating motion along a
conmpRsationm sameadiehakirginina BHarBFa W@&W%Pﬁ&f@&ﬁ?%ﬁﬁ%‘ﬁ%the
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deyieeiie exaRdigythe BhgaYex a first location on the vessel for handling the line.

The sheave is configured to receive the line from the line handling device and to direct

it to the load. The sheave may be movably coupled to a base located at a second
location on the vessel displaced from the first location. A compensator control operably
connected to the movable sheave provides reciprocating motion along a compensation
path extending in the general direction of a heaving motion to be compensated. The
compensation path follows a curve profile defined by the base that keeps an axle of the
sheave at a substantially constant distance from the point at which the line leaves the

line handling device to extend to the sheave.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 depicts a vessel that employs a heave compensation system.
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BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 depicts a vessel that

2507/075899 Fig. 2 depicts a heave compensationzlg)\(fg)Tp{grsazlgl(}’é/007%899

a vessel with a suspended load. Figs. 3a-d depict side, top, front and
pictorial (respectively) views of a heave compensation apparatus. 5 Fig. 4
depicts 3 hoays, coMARNSRUGMAYSIER 1R Adine dipn g idonice sukjandio
depicts affother heave compensation systém. Fig. 6 is a schematic
dizagkam showing geometrical factors for defining a compensation path
curve profile. Fig. 7 is a schematic diagram of a sheave (prior art) showing
certain gimengigrapidOsfegtisssiiaidadnitgpatdmpeatatibn patsclnvbeave
profile. DETAILED DESCRIPTION Overview. Certain embodiments of the
p"r%‘%‘@ﬁ’ﬁﬁ@%ﬂ%a%\sllde a direct acting heave compensation system that
employs a traction winch, a support base, and a movably mounted
comperiSgtar dinicive Heay peanpeasatintes e aTHY FriRs fradlingidey'cs:
winch to the compensator sheave. The line originates, for example, from a

tension gglunighitie draatiamudneboandmxtands/adistance to the
compensator sheave where it wraps around a portion of the sheave and

then extends genesall J%gﬁ&?l 19 Jermynale, alithe doad iedireiias a
central %?ﬁrﬁ%ﬁégﬁ%%%%r?t\ﬁ where it tgke%élcr)% from the tension drum when
thermpansettorppénuuromsydtem is at its central or normal position. In 20

addition, when the heave compensation sheave is at maximum upward or

a maxinpyyn 7 GOWINakch GO TIRSASALOR Pesitioriteatietonig otain dimensional
tangent points at the tension drum, due to cha?ﬁes from the central

plsaiises Rdsfgias A SR AR VAL BRI SREC §tim tangent point of the

maximum upward position to the drum tangent point of the minimum
downward position, an arc-lIREPAREDJRBSHBEBTIPR base for the

mo"ab'%?fvz%r%éd.” ted sheavi aeonty U%@rg&ﬁi%&ﬁ%!ﬁvﬁ@\@ﬂ: @ldirect acting

guide s ving a curve , )
heave compensation system that employs a traction winch, a support base, and a

movably mounted compensator sheave that receives a line extending from the traction
winch to the compensator sheave. The line originates, for example, from a tension
drum of the traction winch and extends a distance to the compensator sheave where it
wraps around a portion of the sheave and then extends generally downward to terminate
at the load. The line has a central drum tangent point where it takes off from the tension
drum when the heave compensation system is at its central or normal position. In
addition, when the heave compensation sheave is at maximum upward or a maximum
downward compensation position, the line forms other tangent points at the tension
drum, due to changes from the central position line angle. As the line moves from the
drum tangent point of the maximum upward position to the drum tangent point of the
minimum downward position, an arc-like path is described. The base for the movably
mounted sheave is configured to provide a curved rail or guide surface having a curve
profile determined generally by the arc-like motion from the various tangent points
where the line departs off the traction winch as it extends to the support base.

According to this embodiment, as the line pivots through the arc-like path, the line is
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profile determined generally by the arc-like motion from the various

tangent points where the line departs off the traction winch gs, |
AgaR g RS, L SXEN 00

?)ort base. According to this embodiment, as the fine pivots
through the arc-like path, the line is 3 WO 2008/022125
PCT/US2007/075899 carried along the curve profile of the rail by the
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rotates little or not at all in response to heave, and wjthout sheave . .
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chanaes hy.asiipitechameumnidisrangle al thedgnsientd ey atdhe poinuotheave
first contact with the 10 compensator %eave Hgé?c}\:’? CO"FQ?E{%%triﬁnch esbya
SR tedine et dRarg P EFE G BREtolP RS- 1A ing vessers 2% >
inehdingnshipsianchgiebileptatkismarionekampis, ¢fiéstesetacheabehe
compensatio%Lg stems may be employed on offshore floating platforms

6P BRWEHE "GN Ships used for performing oil drilling, production and/or
storage or servicing 15 offshore installations. Applications of heave

comperideaisreepnensatiomsyriensiel heapewene Arsiga g apptcasRdfshore
ngaS ir%%@&%@é’ﬂ{%tﬂﬁ@&ﬂgs%a%ﬁﬁe?tm, FoMGamRBchRIBraRE@Meave

I uiring positioning on the seabed. Those skilled in the art will

LR STARIEOth B ERTY ST IR STRRISYR ey iy Hhat s alLsameinyl wells or
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by the 20 examples described. Some embodimentsiag)rovide heave,
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type of load suspended into a marine environment from offshore v IS,
T 5 BT ERATELT 0 AR S KR A5 vspte RIS e i th
fix@k§ill understand that any suitable vessel may employ the disclosed heave
compensation systems, methods, and applications, which are not limited by the

examples described.

Some embodiments provide heave compensation for loads suspended by a line.
A load may be, for example, a 250-ton Joad of production or transmission equipment,
an oil line, or any type of load suspended into a marine environment from offshore
vessels. A line may be, for example, a wire rope or a fiber-type rope made from fibers

such as polyethylene or Kevlar. In one example, the rope is a 160 mm fiber rope.

Turning to the figures, Fig. 1 depicts a vessel 101 that employs a heave
compensation system according to some embodiments. Vessel 101 is equipped with a
line handling system 120 at one location on the vessel 101, spaced apart from the heave

compensation apparatus 100. Line handling system 120 serves to handle line 140 by
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fiber rope. Turning to the figures, Fig. 1 depicts a vessel 101 that emﬁ(l)%) S

101 is equipped with a line handling system 120 at one location on the
vessel 101, spaced apart from the heave compensation apparatus 100.

Line handling system 120 serves to h line 1 4 .
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Q%’téct%‘n qultn%c%(_lgg may have a horiz:)@ntal axis of rotation. Although a
thartiorhovigenti SHEWAIHAER 1, a single drum winch, a linear winch, or

other line handling or holding devices may be used. For example, line 140

may runfiee g drumessheate ostgrppariaws, of dnglinkandiing system

120 to the 10 heave compensation apparatus 100. In Figure 1., line. 1

A A G B B ST A Ore M e e e 140

108yans frodirediechby sheavelgippbtimisaditbeddombendhnpaysipparids the
00 down to Ioa%goldéS. Hga\slq(%)mpensation apparatus 100 provides

é}%aﬁgrc%% eﬁgansa%o%pf'gr?llne 140 when the vessel experiences shifting or

heaving to reduce or 15 eliminate line travel over the sheave 115; the

sheaveln B gwsvbding HitremsFra kg EactigR ¥ Brb& 1P edFi¥8nsation

PR AGERESH DY, SAHCGSHITRERS L @Bl 3 dhanheaye ocampeRsabiompensation
apparatus 100. The curve profile is adapted to cause the Ierégéh of |I@

e
1paRieh HMLR Y et ETG F I8 T HHETS ARRATAMS 5 G HRRYES Proper
CRReRSAlANTRRRRI BluSVHeR fie: remtelresphitiacsialhi tagsiahtatiagavuseduce or

BB PR S8 AHEF R e S e 1201 ReI o i one

flaxinopae s wbsiantiapyneaitapelidufindiEbyenide sorfipenstiolpraiubshieave

T&%@ﬁéﬁgﬂg akrlgt\lig laO{)I e)&lﬂg d%?\ifrc—]:tp%(taﬁpeyiso Q(?agtfeg%i%%&se the length of line
140 extending from the traction winch 125 to the sheave 115 of heave compensation
apparatus 100 to remain substantially constant. Because the line 140 shifts during
compensation and wraps/unwraps slightly around traction winch 125 and sheave 115,
line 140 undergoes minimal flexing and substantially no travel from the heave
compensation process. The line 140 may have a flexing point at any one of various
departure points from the traction winch 125, and the heave compensation apparatus
100 provides movement up and down on a curve profile of the apparatus 100 to allow
the length of the line 140 between the sheave 115 and the traction winch 125 to remain

substantially constant.

Over-boarding structure or A-frame 150 with support lines 160 is provided to
enable load 145 to be lifted from vessel 101, above and over heave compensation

apparatus 100, and lowered toward the marine environment surface where A-frame 150
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£%14%1.00 to allow 25 the length of the line 140 betweeR He SREAUE -
115 and the traction winch 125 to remain substantially constant.
Over-boarding structure or A-frame 150 with support lines 160 is provided
198Ra0IE 9B e R8s YESTaL 1. AlavE AL QYRLhRave
compensation apparatus , and lowered toward the marine
ecwritpensesionsappacsuw b 8beard fiamb4950 5 WO 2008/022125
PCT/US2007/075899 releases the load 145 from its lines 160 and

transfergthe.leach 4R iNERNE 2CRIMBRNSALINE aRRBEatdS ADpRANRa 00 with a
140. Heave Compensator. Fig. 2 depicts a heave compensation .
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guide surfaces 106, 107, the shape of which correspond to a

compenggtion. Rt that keepsithe axieviItadlithrrshaayesdprordtames, 107,

130 at a substantially constant distance from the point at whjch t%e line
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shipave sigforBige: Juiagasiiitantanhenstam diveuprefilend dpepaanitonhich

the displacement istance between sheave 115 and lige handlin
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displacement distance een the sheave 115 and where. the line

R GHRE AR R SJLl L EE 45 e loch A g 140 and

atieelikenpifie grunve aprofileswdadtds aypisdligndd thedamssagnamet kikéendingeoytr the

ag’y ol deprees. RGIRIAPK AR 1 4 2 SARIRERe line takes off from the line
handling system (see Fig. 4). Viewed simplistically as arc-like, the curve profile would

typically encompass an arc-like range of about +/- 4 degrees, preferably about +/- 2

degrees.

Guide surfaces 106, 107 serve as a guide for guiding movement of sheave
mounting frame 130. The frame 130 may be movably supported by base 105 using one
or more support devices, 120, 121. In some embodiments, sheave mounting frame 130
includes upper and lower pairs of rollers 135, 136 to cause the sheave mounting frame
130 to roll along the respective guide surfaces 106, 107 of the base halves 110, 111. In
one example, rollers 135, 136 may be shaped in 2 manner that is complementary to
guide surfaces 106, 107. Thus, guide surfaces 106, 107 may take the form of convex
rails arranged to accept wheels having a concave contact surface. In another example,

as seen in Figure 3, two sets of two, opposed rollers (e.g., 132, 134 in Fig. 3a) may be



Guide surfaces 106, 107 serve as a guide for guiding movement of
sheave mounting frame 130. The frame 130 may be movabhl s%%gorted
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embodiments, sheave mounting frame 130 includes upper and lower
pairs of rollers 135, 136 to cause the sheave mounting frame 25 130 to

roll along,the, respective quide surfa :
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R&dve contact surface. In another example, as seen in Figure 3, two
getsitifridcyropssid viskesref @ masmot siownpiy heaigs Ay Frengipgdom the
g@gﬁ%?l% PCT/US20071075899 positioned at the bottom end of the
sheave mounting frame 130, and one set of two rollers maybe positioned

at the top end of the sheave_mountjng frame 130.(e.q.,.136 in_Fi

One of fHEQkgD 6‘?%8?%%10%%%8@ gragna qﬁébdﬁé?%%éir%sorﬁgy eé% }ﬁ%%)%lgt other
Resitioradopeapnesitosidemp iz fandesgiteh b0 10 veafigs Joapled diribe
from the 5 base 105, Although rollers.135,.1 IME i Boliers.
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CuiietRes) sad#a g O6h dbin grayt béat osipiepine itherasheavahhrannaptdiae fat
130, These may include other raj Qlletseafydhen sddding: of
otm%g%ﬂﬁa&rlﬁlé%ﬁgﬁﬁgﬁg %‘.‘r%‘?t‘r?crgg c%gcsq;ﬂgﬁ%%gring peads on flat 10 °
tshekecanathengsiinites fikdtidongduiiagustreeslié®s A4y be used to aid in
movement of sheave mounting frame 130 along guide surfaces 106, 107.

SheavegqoyatnsfiamedaR Tonsisheaved 19 Jaoretaiishat sheaeanxle 131,
axle 131, and sheave 115 may be sized so as to a(cicqmgig ate any
it

crashrdishy il STPRY BacH e B0 TBGSHRIPRSER RS ITHREL IS Yrasyeh as 8O-
1{ép may the:sizess sethatithenDsBerata (Sesai beliseebsiohafitkid) 7 belovsee

is about 30:1, However, any D to d ratio. may be selected depending o
tﬁ@%ﬂh%?’&ré?&‘ﬁ&‘@e‘ﬁ&%}?rg?-ﬁng‘&%@.‘ Bedi Z)Z%Os%erggle me ntr%irsieglected
fmediad saresiatang dfietauidesyptiadesoi (6e 107, Swaves bisaie mounting
carmied By Sheave, mmotning {rame,130,31019 £Laeiaty 418 3aMa B heave

mounting frame 130 along essentially the same path.

According to Fig. 2, base halves 110, 111 also provide a mounting point for
compensation control elements; in one embodiment the base halves 110, 111 suspend a
first end of a pair of cylinders 120, 121, respectively. Cylinders 120, 121 may be active
or passive cylinders, and may be coupled at a second end to sheave support frame 130.
Cylinders 120, 121 serve to enable the sheave mounting frame 130 to be moved in
response to heaving motions of the vessel 101 by reciprocating along a compensation
path defined by guide surfaces 106, 107, viarollers 135, 136. In certain configurations
one or more cylinders may be provided at each side of the sheave support frame 130.
For example, one passive and one active cylinder may be provided at each side of the
sheave support frame 130, providing a pair of passive cylinders (one on each side of the

frame 130, i.e., side 130a and side 130b from Fig. 3b) and an adjacent pair of active
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for 20 compensation control elements; in one embodiment the base
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respectively. Cylinders 120, 121 may be active or passive cylinders, and
may be coupled at a second end to sheave support frame 130. Cylinders
120, 121 serve to enable the,sheav o &Q%@@Jﬁ '%%Q;ﬁ?oﬁﬁtmﬁv%ﬂﬂrh
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gt e@x?ét{ﬂ&@ Rfgurations: ARSI MCHE axlinders maybg pyavidedaled

each sidé of the sheave support frame 130. For example, one passive .
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of the frame 130, i.e., side 130a and side 130b from Fig. 3b) and an

dajEaptspair of active 7 WO 2008/022125 PCT/US2007/075899

cylinders. The use of active and passive cylinders, usually in combination,

with a melien sBasind:sysserhy ithdroskiiléom theSrtRhie ntieiocB1P8RSIUT control
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control structures may alternatively or additionally be provided. For

exampléceHdngiFAINE RIS She Ao RVEHOR RATB P TER S SRsils path
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for load alancin% and controlling tension on the load,_ According to some
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sheave 115 arqund a fixed.pqint on the line handi stem 120...
g endng SRRt AROTRlr B Seioensation path. A

VWiappng/sfiteiaapigdbiioneaiuide shéavee 10K 1% amcbtse 1idf mahthrgeave
system 120 is alsp. accommodated in the compensatio t ds 106
protietieg ﬁﬁl&f :g?/ ?Iﬁ%sgolﬂ d%e%’r%ccse‘gr}fﬁ%, Tﬁ? %lr%%eaés]?ea%%? %%%Ht%% 55
sheawgables the length of the line from the line handling system 120 to the sheave 115

to remain substantially the same.

The heave compensation system 100, according to some embodiments, can
operate both when the line handling system 120 handling the line is stationary and when
it is operational. Because the compensation system 100 operates when load 145 is in-
hauled or paid out, heave is compensated for, and the stress on line 140 is attributable
primarily to the line movement caused by the line handling system 120. That is, when
the line is in-hauled or paid out from a winch, the heave compensation system 100
reduces or avoids additional travel and flexing by the line beyond what results from the

operations of the winch.

Tn some embodiments, the vessel 101 includes a motion reference unit 160 with

sensors that sense vessel motion and a programmable data processor that relays the



mounting frame 130 rides on the guide surface, The shape of the guide
surfaces 106, 107 enables the length of the line from the line handli

n
W%ﬁ%?%’ﬁ%’fé% to the sheave 115 to remain substantially the Sg%gp%oc\%oe’issw
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heave compensation system 100, according to some embodiments, can
operate both when the line handling system 120 handling the line is

stationary and when it is gperation S . |
S i e
comgensaiekspendridabrisgbs sfon el teanpiierapidopr vt by t6ltped to 2

ngﬁﬁym@%5@@9@&9&&%&9@n@@mm%%eas@)?@e@a;ﬂ@s WS 25

ine is in-hauled or paid out from a winch, the heave compensation

Syotéon ambeaksalrsesthe BRSOR TSHUR IR HAUEPEREER RSy Byt Re thsecean floor
bsy@ngshaffe sults Samdhe RRe RS RIHAG WiGho MSaMalated motion data

embodiments, the vessel 101 includes a mation reference ynit 160 with .

e eER i BEHLBR S BB RE TN EA r SEFAH AN B NG Jadigpisis e
thRsFRIaNSHRE 8 IR 200812342515(G THY 6200 pRTESeShatarnativebio

the compe_nsaé%r contrﬁ structures, enabling the active compensator

SRR RS e LR IR IV Y example, the motion readout

maybe relayed to a Kalman filter on a computer where the computer
processGomiptasatirematpbmrsturaotiny baditedad e eHaratowntslAgssure

t%r?tﬁé%é%@@%’o éﬁgﬁiﬁygb%ﬁﬂ%&ﬁﬁéﬂ flogsia BlesgRRed 15he place, or shift

compensator control structures may react to the calculated motion data
bipeshaairigl D larigbice tAgHRETSA BhePredsHenR BTG e fd the line.
180, SAUSL A eV AP AN eI iemR e, inith tha iy aully

profile of the base thereby compensating for vessel heaving motions.

aBistedRasHeB MBI SHiEH FBaNFRIP BEGIFESIRR 1% 605 8K ATHEHAPPRINS in

pigssAiEvd AeandbereanarepnprIsation apparatus required to hold the
sheave 115 in place, or shift the sheave 115 up to reduce tension on the

compen e e O
i tanaley e aridgesihdine cemgiomdtion appaBRsiEn 8peratepaentiaetigs. 3b
PESP %? é‘a%%“ﬁ%l%%ﬁ“ﬁ?ﬂ%"i‘ﬁ' %@e%ﬁtﬁcal and are separated by a distance that is
somewhat wider than the diameter of the line 140 (not shown in Figs. 3a-3d and 4). As
seen in Fig. 3d, each base half 110, 111 includes guide surfaces 106, 107 with an arc-
like curve profile corresponding generally to an arc made by a point on line 140 near
base 105 and/or by sheave axle 131 as the line 140 rotates and slightly wraps and
unwraps about the line handling system 120 in response to heave motions. This
compensation path is configured to allow the segment of the line 140 running between
the line handling device 120 to the sheave 115 (Fig. 4) to remain substantially the same
length.

In order to maintain a substantially constant length of line 140 between the line
handling device 120 and the sheave 115, portions of heave compensation apparatus 100
are required to respond to vessel heave motions and to move the sheave 115 on its

compensation path. In Figs. 3a, 3d and 4, passive cylinders 120, 121 and active



15 Compensator Base and Compensation Path. Figs. 3a-d and 4 depict
various additional views of the heave compensation apparatus 100. As

WQANHEEESN in Figs. 3b and 3c, base halves 110, 111 are s@ﬁWéﬁ%gWss”
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and are separated by a distance that is somewhat wider than the

diameter of the line 140 (not shown in Figs. 3a-3d and 4). As seen in Fig.

3d, each e half 110, 111 includes guide surfaces 106, 107 with an ar

A REEEa PO Cal U SETATAT 15 i e e e kAo
limed 4O ahearedpassile Foamitvingsixhwavecantig Sktams 1136 g 40idstsueigces
%Sllg;‘gl I‘WSr 8 nSSCa pOdVéJSQXY : Sh%g)\p euﬁlm?oﬂg %@?@%Bﬂﬁ%ﬁ]ﬁ@éﬂ%@ éﬁd passive
response 0 heave motions. This compensation path'is configured to

aliowethenspgrsasiondbiifbd e el ripamsgi e tRpEAth t0he/tasalpryseen in Fig.
d?&’,'?ﬁ%l%%ol 5?:[@7%}8@1"@@-&5 595240 FRIDAINR sHsIARIAlY A0S S2N1LEd guide

length. In order to maintain a substantially constant length of line 140

bewkisen 16 1198 Mmdrdinyg the sheaveonommbnadianead 1 mays4ions be
h&ﬁﬂﬁeﬁ%@ﬁ' REAHIOMAPARALSHOIC 216 RANKEH,ISHRSRANCUIAIMEFRBE 130 to

heave motions and to move the sheave 115 on jts compensaﬁ)og p%th. In
Fiey exlong thp quanpasaiin Ak ddiorbepusing Jing L g theredy
2006(022:125 R LAKR2PAHIRT §RA%e CYineenmb2 2 LEA3 GreMids thelippQro
mechanism for the sheave mounting frame 13Q _and are also res on ible
FORFHEGI TG BHES FAAYS UG FRETRISIZD I8 13&6%“5&}?%%@&”1’85} Y0P eme
respense omassr! Hl heayeonatiensedherely piovidisgacivehandave
passive heave compensation for the heave compensation apparatus 100.
AOPRFISBQEIN TRy, 5 3d, rollers 132-137 provided on both sides of the
sheave mounting frame 130 face guide surfaces 106, 107 and allow the

sheave Indigthdifaide (30apofiofshalbigomeosbenpibarbyiab mmrefishe
:ﬁgg{g Sheave, 5 1o savdest by Shsave MRuaing Uamed:30 60 MP¥ends

ong the compensation path without causing line 140 to travel, thereb

ctiwapehschinertod hearrecompensetne appatatusbastingd tHeclgmeiness the-
ligeo 4P 0 Passing ey ithaisheava 40 SoiadEriensiRyRGSF LRBHENARS 125

substantially the same length, and thus the line 140 is not in-hauled or

pehangas BY theadtsaedf tHeh %G%B?ﬁbi@ﬂéﬁﬂ%%?&éégg positioning of the sheave

115 changes along with the change in line 140 angle ®. The system is configured so

that there is a central position on the compensation path that represents the mid-point of
the wave action that causes heaving. Guide surfaces 106, 107 (107 not shown in Fig. 4)
may be formed with a curve profile having a corresponding mid-point for the path taken
by the sheave mounting frame axle 131 when line 140 moves between a maximum
upward angle ® and downward angle @ in excursions from the midstroke position of
cylinders used to provide compensation. Fig. 4 shows the sheave 115 at the low travel
extreme in solid lines, with a second position shown in dotted lines as the sheave
proceeds to the midpoint or central position on its way to the opposite extreme of
compensation. As can further be seen in Fig. 4, a wrapping/unwrapping zone 180 will
exist on sheave 115 with a corresponding wrapping/unwrapping zone 182 on the line

handling device 120.

10



In Fig. 4, line 140 comes off of the bottom portion of the distal drum of the
traction winch 125 relative to the heave compensation apparatus 1.00 an

d
WQRREHIR 1 through a bisected heave compensation apparditd/BEEE 14889
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directly to sheave 115. From Fig. 4, the angle (D at which line 140 comes
off of the drum of traction winch 125 changes as the vessel 101

undergoes heaving motion, and the positioning of the sheave 11

chango A1 SR SHEERLIUE AT AE TR B B (BT Gy e et 02
cestfiperedisoptiiat Hgre bencentrabpesitionbdi dgencor peniseayidimpatkons of a
that represents the mid-pgint of 20 the wave, action that S '

A S AR A R
curFegprofilehbawd g SlesrespbrdimeteidPeint fopdidipaicakedebipdiy a line-
sheave mountin axle nli :
BRI M BB T R 2
the Tdstrdikepositiclebhicdifldranticed tdiprosidecasalisarmdivadi imiig40, 2
Sﬂ&%ﬁﬁ%ﬁéﬁ%&%@e% abihe 19w tavalar exéremednisobddings MERR from a

secon on shown in dotted lines as the sheave proceeds to the

rﬁﬁd@tﬁmiﬁiﬁ@@iﬂfmq)@%ﬁf@ﬁt&qﬁ@ewﬁyr@m@@ﬁ%&ejé;@ﬁeﬁlﬁévgfin Fig. 6is a
COTRASAHP th A LCETs i thRrRe D £ i arPup SDRIREI SR BT apfifidn A

zone 180 will exist on sheave 115 with a correspondin

WERDRSPHFLATV ROSRRABSBEPIR PrED GHTeRes (A 1R M&Fﬁﬁb%&ﬁé@"fé(‘?ﬁ%%eﬂ in

2PR86E2A LR R bcheRAOPARSO Bl 8hPusitEalBTGlieaihtd AR ompensation
geometry of the present device relevant to a compensati th. Fig, 7.
iR S5 aR FORAS GBI RO L TREOE O LB 1A

!iH%_ﬁﬁl@&@&t rﬁ}@tiﬂ@@?é&%@hﬁiﬁﬂtﬁ@@m@ﬁ:ﬂ)lwtﬁoﬁigl@e&slcﬁg\me seen

in Fig. 7, a sheaye 715 has a pitch diameter PD and a oot diameter D
CRATBEPb AP SRR BRI G B DT P e v e R e
theapenve @l pattechps pdilmets. Shdivese Himentionsciafing gredded16 that
ratio. As.further,seen schematically.in Fig. 6, a .line handlin ic
AT e R PG AR
regeiving DrobieG2R thatdefistesmtstidotrdisanated Dy Bddbestaown in Fig. 6

is a compensator sheave 615 in a lower position A and an upper position

B. Positipn. A.10 (eRESEatHR1E FRIMRSESRSR eshextrRmSH AL dsount of line
located at the lower end (as seen in
wear that may be tolerated in a given application. While zero line travel resulting from

heave compensation is the most desirable, heave compensation that sharply reduces the
line travel is also beneficial. Thus, the curve profile is selected to reduce or eliminate
line travel and depends on several geometrical features of the system: the diameter of
the sheave 615, the diameter of the drum 625 of the line holding system 620, the
distance L between these two and the ratio of the line diameter to the root diameter (D:d
ratio) of the sheave 615 and the drum 625. (If the line handling device did not have a
drum, the geometry would involve the shape of some other departure surface for the
line 640.) In general terms, the curve profile of the compensation path will be arc-like
with inflections resulting from wrapping and unwrapping of the line 640 on the sheave
615 and on the drum 625 of the line handling system as the sheave 615 travels in either
direction around a central position on the compensation path. For example, when

sheave 615 travels from the lower extreme position A to an upper position B as shown

11



Fig. 6) of a compensation path curve profile 606. Position B represents a
compensation path position that is above extreme position A (as seen in

WEOEI28RBave 615 is mounted for rotation on sheave mouRfifg frEiHe 75899
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630 which moves along the compensation path curve profile 606 to be in
position A or B or others defined by 15 compensation path curve profile
606. Sheave 615 has a line receiving groove 616 that_defines ilis rQot

dinfigtdr OV ith & SigpicA SRR HGRRihS Sheansold die A6 ehahqgparture

Dyetfesliaim 625 A Ehal Bhe syadd hareassumpsiip hettdasame dhgxactvill be
configuration of the curve prafile 606 d§
t

th fli
coausicn 1 e e Hole S Srrenceente Sou o et

fromg abepeencompetisation Ve ibpingoshaelirable), heavetbomglensgtidn (again,
t?»‘%t sharply reduces the Iirtledtr v Iistals? beanicitahI('hu , the curve

pHOTiR 8 RINY IS LI eTininad HRetraver and dépends on

several geometrical features of the system: the diameter of the sheave

615, theAdiamdte sesieherushea s ispidcinesiingidg Ly 4h Ispa: fangent point

d&%@%ﬁ%&%@?ﬁ&n@@%&%@& pehifas gatiirhihenerdismalantosherets to
diameter (D:d 25 ratio) of the sheave 615 and the drum 6255\% the line

hieriting Belie s ARy e R@iaAs, TP BES AL Wl TRYIv &4ha now
shaRerhepneso el seRarkiesietacrioR ther lineddls Wiageiaesdo sheave

terms, the curve profile of the compensation path will be arc-like with

rfetotiofa! RebtIBRgRR o By S RRATSHAGB! HETHET6AG Brer 52 of

shaa¥ao6d Fapgearn e dH625 Thdkertine handling pysias@shtien the
sheave 615 travels in eitheg?,o dir(\axﬁ'[?jon around a c.entréi':/lﬁosf{ti on th
€

oSRBIEHAAT RS 0GP LSRR R SHERGR! RIS G Ao LR RahTiRaye 015 and
lowenh S5 ehaeapesitioss Artnatw WppRer pasitian Bvasrsishvane 513N drum 625
2008/022125 PCT/US2007/075899. in Fig. 6. Wi significant distan
BRVELH O AIET 1 SRR e SRl AL e i RS ahnd te
hamdlingSysiamerting afehefsagapping Btatddtietemis ofteegndbs twill tbegent points
relatively. I, in.many situations about 0.5.10 5 deqre i in
R g AR S Cr b (B SRR e RS
moigstibnadgheangiech agaige S ibiatadgfost shehwavextguardtbtmeddive hus,
193 OiRlgal AR lpBo e SRR DR ARABHRDANEHGINA I hRIaR D o
A, line 640 has a tangent poin
radius around a fixed point at drum 625, to allow for shortening of the line segment that
extends between the two tangent points. The inflection of the curve profile is generally

indicated by dotted line 607 at the upper portion of curve profile 606.

In further embodiments, compensator control structures such as cylinders may
additionally or alternatively be mounted on or in other areas of the base 105 or vessel
101. For example, compensator control structures may be mounted below a sheave
mounting frame so that the compensators operate by pushing upward against the sheave
mounting frame in order to move it in the upward direction along the compensation
path. Fig. 5 depicts such an alternative embodiment. According to Fig. 5, cylinders
520, 522 of heave compensation apparatus 500 are mounted directly to vessel 101. This
enables cylinders 520, 522 to support sheave mounting frame 530 from a position below

the frame 530. In this embodiment, line 140 would pass above cylinders 520, 522 as it

12



660 on sheave 615 and a tangent point 650 on drum 625. When sheave
615 moves to position B, the tangent points migrate as wrapping occurs.

WEHWEY&28XS has a new tangent point 662 that arises when & SEY8ht/&H899
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of line 640 is wrapped onto sheave 10 615. Similarly, drum 625 has a new
tangent point 652 that arises when a segment S2 of line 640 is wrapped

onto drum 625. The effect of this wra |:$% IS shogtﬁ; thit segm nt%g

i AL 8 et BIOTE S TS RERYE Y éoc’. elhd A SRAAVE 5 1
andirdeismbahhacasg theseuafenofbatosestagatbéhcWhelde sheaventing
615 and drum 625 .have the sa lameter,. the agount of wrapping sl
oBHHE Siind SRR S0 SAbUn Sr RO Lo S EBe B 522 o
linthéhatextivldsthatnemsmthetvundamnge ohponsirisegbentiald e bimds

the amount of wrapping that occurs.in t ’ i ol

e e AR R RS S S R BETIBURA Ko 20
curve profile 606 of the compensation path deviates from an arc-like ideal |
of a radiis arhodimenyderpiint aberem B, lobiar idhe RERRIKtRG Gt With

ling. seaeRIfRaLAQLxliaRcs hebVeeNHaeiwe sanBeaEsosTE vERel. In another
inflection of the curve profile is generally .indicated by dotted line f6%7 gt
g)@@g of the A-frame

tEDpEIBb RS HIRAUNRESS bRRecris. i i dhe AT B RICP
CORDPaNSALRL CROSLPELIGHIGE SUGH Ashby Hedard reayivadditienaly fasm the line

alternatively be maounted on or in other areas of the base 105 or vesse
AR A M TR oD L8 AL 4 RS Bl
afEhieg\@2binopesingfsamepbe dhiad tbel dconhpensators eperatedmybodiment, there
pushing upward against the sheave. mounting frame.in order to,mave it in
DB o AN e Caenaineor SR BeS bR
aligypativey esdpaditading Acededingctonprpssi@ylindpest B2, 522 of heave
compensation apparatus 500 are mounted directly to vessel 101. This

enab,'eSﬁyéiﬁq%gi %%@&-?p%ﬁyepggé&h@@%meﬁ%ma B30 ParRion

position below 30 the frame 530. In this embodiment, line 140 would pass

abevebegmiaesenszbios paReses o ot dessr vty Svirreiagynded
IS CBEISH RuPNEAVR ks IR e wehtish REafile a6 seftbase B8esed, and obviously

Alternatively, the cylinders may be mounted on a surface of base 505

|oBaRasIbiRAEREE FEhTSHANIAGS HaRRSSRS T LRBLAG BE hie by The
these,gkillads R the arbdhabey dasteseddh ob@2 @ best explain the principles of the

invention and its practical application, to thereby enable others skilled in the art to best

utilize the invention and various embodiments with various modifications as are suited

to the particular use contemplated.
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other extensible structures may be mounted on any surface that would

enable the 5 extensible structures to provide support and motion for the MCSLLP

sheave mounting frame 530. The embodiment described above in Figs.

1-4 shows the support base 105 with the curve profile guide surfaces

106, 107 mounted on the deck of a vessel. In another embodiment, the

support base 105 could be rigidly attached to the top of the A-frame 150,

such that the compensation path is stably defined relative to the line from

the line 10 handling device 120 anddha®iigave 115 could be moved up

and down within the A- frame, once it is positioned to place the load in the
Whwaterldmsdeh an embodiment, there would be no need to transfer the

load from support of the load by the A-frame to support by a separate line
1. on a‘HeeRRETEBIN FE REASHSBPRTE R TEREISTHR foXch i HEScrishKs birom one end
of 8RREIlicioMRodimants efthe:presertinventing Leihave:-been pmoseniedfaled by a

. purpases of illustration and description,. They are nqt.intended tp.be
R 5t OB TR e (RIS BiE S o GlociaBe B
obviegktgverrapyombetificHiforiscattd wrisaons laretpossibies iveliggh( Biliihdsplaced
freRbaverieaphing, The embodiments were chosen and described in order to
best explain the principles of the_invention and its practical application, to
theréB)BrabiEdibrecsiingdn tne GrtbiestsoaniratHegAGesR6H Shend
dirvetigt b ehnbothnenthatiid \(a4iHys modifications as are suited to the
parti | | SLLP IMS What.is claimed is: -
o B M B e (M R RS 1) o
rotatiepahe SeF 6 M ORENEIBE Agine rantethes Berhrne smprshbaeniovrrgiprocating
mdtienaibgg eBshaftherine{ld@hbeing handled by a line handling device
(1202 Iocateed21 ta fir&t}ig%si nav ssgl élOlg, camp ising: a sheave
suppST DR 105] T0Carst at 4 saeahd oL B SR e e S8t LBy ins frame
(L dispacagineche theafieshtooditiofamsiE3)eq LaByfishboeiipgatite dioeg the
cokAflHonptetinehandingdevge.ckef-aad sitegtinetheling (140X g

the I%ad (145); . . ) . )
the comperisation path following a curve profile extending iti the general direction of a

heaving motion to be compensated, the curve profile being ars-like based on a center point
defined by a tangent point (650) of the line (140) with the line handling device (120), the arc
having at least one inflection (607) to reduce line travel from effects of line wrapping at the

sheave and line handhing device during reciprocating motion.

2. The device of claim 1, wherein the compensation path is defined on the sheave support
base (103).
3. The device of claim 1,*wherein the length of the curve profile comprises an included

angle of about +/- 4 degrees or lesa.

4, The device of claim 1, wherein the curve profile is defined by at least one guide surface
(106, 107) on the sheave support base (105), and the sheave mounting frame (130) rides on the
guide surface (106, 107). ’

-14-
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a sheave -mounting frame (130) with an axle (131) for supporting the

sheave (115) for rotation, the sheave mounting frame being mounted on

the sheave support base for reciprocating motion along a compensation

path; and a compensator control (520, 522) operatively connected to the MCSLLP
sheave mounting frame (130) for causing the sheave mounting frame

(130) to controllably reciprocate along the compensation path in response

to heaving motion of the vessel (101), characterized by the compensation

path following a curve profile extending in the general direction of a

hea motlo be compensated, the cu ng are-hike base

o R e e T Ao B e vt
(lOtdhd fiNehdndingdevigo(i28}, (HE armdthvisigats eastong fnBecficoyBA73t least
oné%rl‘?é}ld??z“??4”?5*’@'*;{{'&%&?8&%@&%8 Mglng at the sheave and line

handling device during reciprocating motion. 2. The device of claim 1,
wherein the compensation path is defined on the sheave support base

6. (105)@4&5&@ gevige af elabmid, m&eﬁ@@fh@ib&%&@%ﬁ@ Arpiialel guide

included ang le of out -/ or less. 4 .Th dev
; ogfcc Fﬁ gg%mgpemet%ec%‘fﬁv esl%(é ?31@5% Fgég%% e o (150) has
W%m*ﬁa&e(@@@ﬂd?ﬁbw@he@he&ve mqomhdqaseom@uargﬁmmfm@% 107)
mounting frame (130) rides on the guide surfar (106, 1077). -14-
AM%EIDED SHE%T MCSLLP 5. The device of claim 1, wherein the curve
7 profi8dasHRESE %{’Igggf%ﬂg’ﬁﬁﬂi’éﬁﬂﬁ%ﬁﬁé (iﬁfa%)tﬁé%ﬁ’éé%mc
smsuppobasel{kdb)cated thershe dvesheaunting.dtmne £130) Jtysual dBaste support
pas@fo ller (132, 134, 136) that rolls on the guide surface. 6. The device of
claim’l, wherein the curve profile is defined by a pair of parallel guide
surfaces (106, 107) on the sheave support base (105) and the sheave

g, moarmﬁmgxfr@“eﬁcﬂﬁ@)l hascioireliers{dd2iol 3dnid E%%ﬁ?ﬂﬁé%%lwéyhndem
Qbﬁ ?}I ?fa%ad'aIJel uide surfaces (106, 107). 7. The device of claim 1
eréin

e compe <for Lontrol (520, 522) is an extensible structure
operatively connected between the sheave mounting frame (130) and

9. SheaNeRWRBMclaim 1, wherein the compensator control (520, 522) has active cylinders

that control position of the load to a neutral position during heaving,

10.  The device of claim 1, where the line handling device (120) is a device for holding,
paying out or in-hauling the line (140),

11. . The device of claim 1, where the line handling device (120) is a drum winch with 2

horizontal axis of rotation.

12.  The device of claim 1 where the line handling device (120) 15 a drum winch with a

horizontal axis of rotation and part of a traction winch.

13. Thedevice of claim 1 where the line handling device (120) is a linear winch,

-15-
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base (105). 8. The device of claim 1, wherein the compensator control

(520, 522) has passive cylinders that balance the load during heaving. 9.

The device of claim 1, wherein the compensator control (520, 522) has

active cylinders that control position of the load to a neutral position MCSLLP
during heaving. 10. The device of claim 1, where the line handling device
(120) is a device for holding, paying out or in-hauling the line (140), 11.

The device of claim 1, where the line handling device (120) is a drum

14. V;/]inSiTJEx @%ﬁ%ﬁﬁ%ﬁ%ﬂh@g%@v@&%ﬁ@&nﬁoﬁf& d ﬁ&é@ﬁ o5y bifpcitd&m&l;ml one end
the line handling device (120) is a drum winch wi iz XIS
of RO DA CACOATH N BB O Qe o e feadiea b
lindimetianglingod Vit (20)ista ingdpewifhyn 218ssAWEN D@MET
1 Py d AT BPRBLAAS 0L REQVIIDNSRYE FADIPEARANARIRE 1Rtk

(145) suspended from one'end of a liné (140) into a mariné enviromnent,

diregmpetidoctitapathtl 6T kaelTEAEAD | Dehst b AARIECH 47 K KA RRg2bly mounted
in ad@vise (hqeatedhakadlisi Reatiomenianvessevdked) 1oamiiisingd &om the first

sheaye (115) for.receiving the line (140) from the ling handling device, .. . .
ooy A ARG TN TORA (oS ey T i R fecton of
a haniag axt@1s by movpbiseted whiedtinizedhzave support (130) located at a

secpdlacatianon the vesselddi sisniacrdsirene the fitss|@cabiasfar) of the

reciprocating motion along a compensation path extending in. the general |
sheawrfe%ﬁ@ﬁra@%%éa%ﬁ?&% B RPBEb HpER &}&ﬁﬁ?&‘z@%‘&‘ﬁ%ﬁ%ﬁ line
~ (140pmpessation patbheig defined by)Aloticuer prodifitdhahkeeptitheaeden the

.. (131) of the Ve support (130) a ial ' .
e s ) R fo e R AT R B8 i s of e
wrageipgat(thechente epdviphoniinefisy secinitegsaspmenitsenfi@section

point (650), the air, having at least one inflection (607) responsive to

effects of line wrapping at the sheave an(?flli [handling device durin
15 bR ERARG MG Pt R SR LR I L3 P REF QIR ARG ot of oo
line( $e40) st 4649 thatictinelandthediterigthibh ghisvice (120) to the sheave (115) measured
at a tangent point (65 O) of the line segment (640) to the sheave (115) remains substantially

constaut.

16.  The apparatus of claim 14, wherein the sheave support (130} is operatively coupled to a
motion reference unit, said motion reference umit sensing vessel motion and directing the sheave
support (130) to compensate for wave action so as to hold the load (145) at a fixed position

relative to a2 sea bed,

17.  The apparatus of claim 16, wherein the sheave support (130) coraprises one or more
extensible structures for moving the sheave (115) along the compansatioh path in response to

receiving data from the motion reference unit.
18. The apparatus of ¢laim 17, wherein the one or more extensible structures exerts pressure

on the sheave support (130) equal to what is required to exert constant tension on the load (145).

-16-
AMENDED SHEET



line segment (640) extending from the line handling device (120) to the

sheave (115) measured at a tangent point (650) of the line segment (640)

to the sheave (115) remains substantially constant. 16. The apparatus of MCSLLP
claim 14, wherein the sheave support (130) is operatively coupled to a

motion reference unit, said motion reference unit sensing vessel motion

and directing the sheave support (130) to compensate. for wave action so

as to hold the load (145) at a fixed position relative to a seabed, 17. The

apparatus of claim. 16, wherejn the sheave support 13% ises _
19Or mag 88’39(%5%%?[%%%3 ruc u’r‘e"é‘l oerl%%%i%%etﬁengpggégndl )gﬁc?#g§ C%}tae%}% pressue
oncberpensatipnpatBihemepbrsbalds regeivdf ép darintrbnheleahotioh at a constant
pogﬁjgﬁence unit. 18. The apparatus of claim 17, wherein the one or more

extensible structures exerts pressure on the sheave support (130) equal

to what is required to exert constant tension on the load (145). -16

20AMEMND ERaSifs 5T M&S17| Rhd8in Theap patadtscafoakiiie diovheréinthecutral

one or more extensible structures exerts pressure Ah grzlgoavv?nggtp&%ﬁg
pc’fit%%qcﬁla o W (:ért%orrcea}ﬁ%:?%%{)?g ?na?nta?ﬁ %ﬁce#oaa%?r?ﬁé% ata c%nstant i
position. 20. The apparatus of claim 17, wherein the one or more

21 ?Xte‘@xﬁ@ﬁgﬂﬁ&r IetRSiiRAl IR ARLLERL, BOSKIGNWNER AN e INEQHEHAER from one end of
extensible structures are at a center of a moveme, é{ﬁsér,okjéé%z% A m%thcc)ﬁj Ay
© s GG EBHABFSANOATOHS 1526 T18) Lo A HORPGRR =4 by o
line hendfire keeid A0 )ritoaaharnrerivicgiiment withetiiE0bihememibiogthe
o skaahengandlsd i hand g evice et incaled AL ik o

location on"a vesse , comprising: securing a sheave support base
the fios)lepatigecond location on the vessel displaced from the first location;

provigigiansheave 1 15) fek recqivingmbeiling 404 @biom the aediapdinge (120)
o R 0 0 A o LEACH oI i sheave support bast (103) for
recipnosating asiotion miowmdize domp &hiAtiomtirathswaisiphed pesmGGalify
redANG SR BHR Q%g‘gcdmpensaﬁon path, said sheave mounting frame (130) supporting
said sheave (115) via an axle (131); and ‘
operatively connecting a compensator control (120, 122) to the sheave mounting frame
(130) for causing the sheave mounting frame (130) to controllably reciprocate, in Icépcnse 10
heaving motion of the vessel (101), along a compensation path characterized by
the compensation path having a curve profile eitcnding in the genera] direction of a
heaving motion to be compensated, the curve profile being arc-like based on a center point
defined by a tanger'xf point (650) of the line (140) with the line handling device (120), the arc
having at least one inflection (607) to reduce line travel from effects of line wrapping at the

sheave and line handling device during reciprocating motion.

22.  Themethod of ¢laim 21, further comprising defining the compensation path on the
sheave support base (105).
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said sheave (115) via an axle (131); and operatively connecting a

compensator control (120, 122) to the sheave mounting frame (130) for

causing the sheave mounting frame (130) to controllably reciprocate, in

response to heaving motion of the vessel (101), along a compensation

path characterized by the compensation path having a curve profile MCSLLP

extending in the general direction of a heaving motion to be

compensated, the curve profile being arc-like based on a center point

defined by a tangent pgint.(650) of the line (140) with the line handlin
23dev;%e(%§??hoelg %?éﬁ%\’/%%%g lgast one m e%c |oﬁ%%30°}ﬁ'§ Pé%@%emﬁ pleast one

guida et fremileffetdd) ohlihe shrappmgrarthesshEe anozlinkrgdniing Weviseting
ﬁagkgi@gm%g%@gmgsﬁpﬁggmg%g.ﬁﬂe method of claim 21, further
[

comprising defining the compensation path on the sheave support base
(105). -17- AMENDED SHEET MCSLLP 23. The method of claim 21;

s4furthencompsising diefining thestusvesprofite seaticastane auidesuiase

o e e o AR b 27 e method

[
of claim 21, wherein causing the sheave mounting frame (130) to

2scontrigllahleciprsaie comprisesaridingsioad balansing AuHng 30, to
Co%?ﬁi r% 25. The method of claim.21, wherein ¢ausing the sheave

JFRIREAS SOTRE SO RTPSIABE VEtTt SOAE ToRGRILRS prdiding

neutral positioning of the load (145). 26. A method for providing heave
26COMRERSANADIY 5 0RE (h49) Sapendad,fram.on sde@%?f QUGG ome end of

Into a marine environment, with the other end of the | ne f&gﬁ eing ,
2 Iman il Bt & PR aRdRPRITEticebo pbeated af tilie Gkidtidaionhandled by 4
linvesselitk0byiequv)isiagttens ving Ihedined 40)tem tbe ing.pandling

device% éilgno AL %eﬁ%?dég& 'ii1% . gg\}}&e yes el %1,?@)’ éi)zplaced from the

first foca}/ip , providing feciprocating e PRl 4 BRI Qe on the
veeD)l Al 1dEmaeshiolodhe Smstafsaticaicompensation path extending in the

ge“%E@bﬂﬁfr?g%%@fcﬁnhg%%ﬁgx{@%l@ﬂﬂ@t@%ﬁ@%ﬁﬂ%@&%%@!}%&%@é&& location
alon?é a compensation path extending in the general direction of 2 heaving motion to be
compensated; characterized by

| the compensation path bemng defined by a curve profile that keeps a line segment (640)
defined by a length between a line take-off point (650) at the first location and the line taks-off
point (660) at a second location at a substantially constant lersgth, the curve profile being arc-like
based on the second location take-off point (650) as arc center, the arc having at least one
inflection (607) responéivc to effects of lme wrapping at the sheave and line handling device
{120) during reciprocating motion.

27.  The method of claim 26, wherein providing reciprocating motion along the compensation

path comprises providing load balancing during heaving.
28.  Themethod of claim 26, wherein providing reciprocating motion along the compensation

path comprises providing neuiral positioning of the load (145).
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the compensation path being defined by a curve profile that keeps a line
segment (640) defined by a length between a line take-off point (650) at
the first location and the line take-off point (660) at a second location at a
substantially constant length, the curve profile being arc-like based on the MCSLLP
second location take-off point (650) as are center, the are having at least
one inflection (607) responsive to effects of line wrapping at the sheave
and line handling device (120) during reciprocating motion. 27. The
29methbeb ofidtaidog elaimhafeinbprovidininfiscigvo ety ootideraiongthe respective
wEQMPSARAION DRI FAMHSSS MO BRIBREIOG G NN e
28. The method of claim 26, wherein providing reciprocating motion along
Seﬂ?@%@ﬁ‘?ﬁ@ﬁsation path comprises providing neutral positioning of the load
(145), -18- AMENDED SHEET MCSLLP 29. The method of claim 26,
wherein the inflection adjusts for migration of the respective take-off points
arising from wrapping the line (140) an a surCacc at the first location and
the second location. -19- AMENDED SHEET
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