WO 2005/ 035352 PCT/ US2004/ 031092 FAI RLEAD W TH | NTEGRATED CHAI N STOPPER
FI ELD OF THE | NVENTI ON [ 001] The present invention relates to apparatus and

net hods for WB%&I/d'3glgﬁ/grsubnerged swi vel ing nooring |ine u§,§gn}rsg?0q}39{09?0 .

floating structure. e specifically, the present inventi ates
fairlead installed on an offshore platformor vessel, although it is not
restricted to such uses. BACKGROUND OF THE | NVENTI ON [ 002] O fshore
structures, such as floating production, drilling or construction platforns
or other vessels, are nooFAIRLEADhWITE INFEGRABEDOOHAINSTOPPER: use of
chai ns and/ or cabl es extendi ng between the platformand anchors on the
ocean floor. Typically, the nethod for nooring floating platforns includes

extending a chain in a catenary frEREHOPTERINVERATION @ pl atform through
a fairlead device secured near the bottomof a platformcolum, to chain

haul i ng equi pmenf00dhd a chdhe pressppeinverionh eelafes ktoofpparatup| andf enethodsh dere

el ements are usegd t pply the .desired mooring tension and t.o W thstand the
hi gher tensions ??‘lne@ngaaysuégleg?goslmf’eé%dmwp%g?%B?e_%s Pt U %hggtlrtg)gg.]c%lre.
Moor i ng pl at f or meMofe Bbédificaly, ahélpréseht thventis R6ldet i toNa IfRiglRhd QRstalsdUah | ah

require the presence of nultiple chains, fairlead devices, anchors and
chai n equi prent belsheseplatfonn er Hesseli slthoyh i ipnotimsripied tq suchsisesThese al |

conpete for.space on the lim f W whi ch al so

usual |y nust be | arge enough P%rqjlgﬁ’gﬁ?ﬁ%g]‘bﬁpl i f@?‘ housi ng wor kers
and machinery, ong02] noreOffsAestrueiftsfsudhiab floMing pro@iction, dHltgdyes i on
facilities. [004] Floatation of offshore platforns Is often provided by

large submerged PRAFBEIN platerms afiothes vessels e meoraddndhridesiraa iesation thropgh
I s e o
of the pl atform beteawflooheTygitaly, theanethod fop nhwiring €kaehg platfetmaineludeor ed i n
place, the fairl eg)gterrlrcﬁgg t:iec'\hain in a catenary from the ocean anchor to a platform, through a

fairlead device secured near the bottom of a platform column, to chain hauling

equipment and a chain stopper on the deck of the platform. These elements are

used to apply the desired mooring tension and to withstand the higher tensions

that may be encountered in weather situations.

[003] Mooring platforms in place at a drilling or production location

usually require the presence of multiple chains, fairlead devices, anchors and

chain equipment because of the massive size of the platforms. These all compete

for.space on the limited deck area of a platform, which also usually must be large

enough for one or more buildings for housing workers and machinery, one or

more cranes, and a drilling tower or production facilities.

[o04] Floatation of offshore platforms is often provided by large

submerged pontoons. Large diameter columns extend upward from the pontoons

to support the deck, and the mooring lines are led out from multiple columns.

Thus, fairlead devices are usually secured to the columns of the platform below

the waterline. For other vessels that are moored in place, the fairlead may be

secured to a hull surface or structure extending from the main surface of the hull,



secured to a hull surface or structure extending fromthe main surface of
the hull, -1 WO 2005/035352 PCT/ US2004/ 031092 al so usual ly, but not

excl usi vel y’w?)eﬂoﬁ%isf&‘:z‘ wat erline. The nooring lines, often P%&E‘%@%O@éch of

conbi nati ons of wre rope and chain, pass fromthe anchors,

the fairlead devices, to line hauling equi pnent situated on the deck above.
(005] In a typical installation, the anchor lines are installed by passing a
nmessenger line (i.e., installation wire rope) fromthe deck, down through
the submerged faflpe Beppllynbruimobexchesively bplowt the sestartine. Ehedmoorting kines, often

pre-installed an i [ t he ocean fl oorL. end connect,or
secures the rresse%{g)‘]gés Arlﬁgﬁgﬁfag%flﬁgf‘gﬁﬁﬁ@lp agﬁgﬁﬂn%s %rﬂglA@ﬁéﬂ I HUPHER s
haul ed back to t heachlofitfiefaifieadlievicas) & iic Kdufihg cApERAL SituaRHSR thd\@eckabbl&ad
and continues up to_the deck as the chain is hauled in to achieve the

desired mooring tE981on. Thiisa typial istallpféon, thecprchertines gregnstaliedbiipassiagar

fairlead is that ] 3 Ny f ecial cagnpecti ng
| ks and ¢ he mesTEsaaEing .6, BERRCGERAR) bR el REEh BrpBEl G
fairlead at an angibmésgddfairleadsmensibdign & Sspokt cdldrin, @ iouER 4 pretipstiliel deck, a

sheave is used to change direction. The sheaves used in these chain-nooring
appl i cations are ¥har e spsuredita the egsanileor. |Amend Goanegtorrequrss thenessengstei ve

l'i nks of the chaiql 59%: N r [ t L0 the
| inks resting on {}%éegvaﬂﬁggca §C'[\%-€%ﬁ?d @%ﬁ%r&@%ﬁ???%@gdcﬁ%ﬁﬁgﬁfieﬁl?tﬁcgrﬁgqt&pmm
pre-tensions the aivhbnchyin pissesthpuugt elicefaiticad dnd esrtineage toothe dBek as the chain

chai n-breaking load. To .relieve the chain hauling equipnent of the tension

| oad, a chain st op@plegn é‘hé‘?m\e"leéb‘?:#sif_é‘éH@Ofiﬂétenéll‘?ai hup e fEdheat the
pre-tension | oad. rlifi;SQ0Rs BE hﬂﬁn@e&&zg&?faﬁleeﬁg%thaf i{i’&g%ﬁl@‘tﬁpﬁlﬁ%ﬂ@&ﬁﬁn ﬁ§el{fha' n

| atch is nade a part of or connected to t arr at case, he
chai n stopper or $mtmhconrectinglisksrand ulmesyenier tineor mal use and duri ng
servicing. Thus, | ble to have a nech at nee(ils ttle

service and is e@? fodgzlr h%‘&@sﬁﬂ}?r?hﬁ'é‘cﬁﬁ?f"reééﬂt"%]el faiflead &t an angie before
ascending essentially vertically to the deck, a sheave is used to change direction.
The sheaves used in these chain-mooring applications are usually pocketed
wheels, known as wildcats, which receive links of the chain in pockets. This
helps reduce the chain stresses in the links resting on the wildcat.
[007] On the deck, the chain hauling equipment pre-tensions the chain up
to a predetermined percentage of the chain-breaking load. To relieve the chain
hauling equipment of the tension load, a chain stopper or chain latch locks the
chain in place at the pre-tension load. In some prior art fairleads, the chain
stopper or chain latch is made a part of or connected to the fairlead. In that case,
the chain stopper or latch will remain submerged in normal use and during
servicing. Thus, it is desirable to have a mechanism that needs little service and is
easy to service when required.
[008] There is a need in the art for a fairlead design that is simpler and

more reliable than existing designs.



[008] There is a need in the art for a fairlead design that is sinpler and
nore reliable than existing designs. -2 W 2005/035352 PCT/ US2004/ 031092

BRI EF SUMVA NVENTI ON [ 009] The present invention,l
enbodi nment , R:‘gqa(:)()%daa'lgﬁzead apparatus for guiding and securiprﬁf&%és(}@(ﬁé{)?hogﬁsed

for nooring an offshore structure. The fairlead apparatus conprises a
fairlead frame, a chain sheave, a chain latch, and a biasing nechani smfor
bi asing said chain latch against the chain. The fairlead is pivotally
mounted to the of fshore strucBRIEF STMMARYOEAFIEANVENDIONed for rotation

on a sheave axle orted the fairlead frame. .The chajn |atc assenbl y
is mounted for pi@bggl mve%%?reéwttlﬂ‘éengﬂ%ﬂé’nﬁﬂ“é’o C ISR faér\igala?@pp@@msi on
link with a chai nfgh 3lufdin@dadtseshiing £0pa8séd eorChdbiing b FMRBoRNALRKIENtThe t he
chain | atch engages the chain when the chain latch is biased against the

chain and the chiairleadsipparatngicomprises & fairlead Jisine, dichaistsheave, p ohoh lartls apd@sent

I nvention, in one.enbodi nent., | airl.ead .for._gui di d_secur.l. n
anchor chain bet 8?‘1“%?‘%5?[&%9@ glﬁ%lﬂ%tsﬂggg%{ﬂgatg aﬁﬂﬁ%gpe. gﬁﬂ%‘ 8if?1rflg 1
conprises a fairlgaetaflly afiuntéd B WS bffchotabielturdN TN clafih Wk &Ve.- is Thsudi&l Fdread
frame is pivotally nounted to the offshore structure and supports an axle

for a chain shealpéationhen @ shrave gxleaseported hyuthectdinesdpframe. ofhe lebaiaxlatehand

conprises a tens] Lnk with chaj n..latch and count erwei ght for.urging
Che chatn tatch ; SeambiyS telnted iRl b el Snita€ SHEVEAH AL srpforie &
pivoting latch i steq&igh ligkwith a cRaig g0 &ddpha t6 RakALeORE Xhike Tn lOAE efibdHiindnS,
traveling in the payout direction. The actuator 1s for controlling action

of the count er wei §Bachaindateh engagep thosehain Wherethe ichain lptsh dnbiassdhaminsethe chpim a
fairlead for guidj h:0g ; 3 i n between an offshore
structure and an %Hrzli%ﬁ%r@&ﬂ?ﬁsg&&eg?gI"gglg%gg&r?r]gfi}rg%gona fairlead frame, a
pivoting latch, ajedopn act uThepresditénveation, é@dne EmbBodmeat, i ¥ Glidéddyforpaidingd t o

the offshore structure and supports an axle for

and securing an anchor chain between an offshore structure and an anchor. The
fairlead comprises a fairlead frame, a pivoting latch, and an actuator. The fairlead
frame is pivotally mounted to the offshore structure and supports an axle for a
chain sheave. The pivoting latch is mounted to pivot on the axle and comprises a
tension link with a chain latch and a counterweight for urging the chain latch into
engagement with the chain. In one embodiment, the pivoting latch is configured
to engage the chain only when the chain is traveling in the payout direction. The
actuator is for controlling action of the counterweight.

fo11] The present invention, in one embodiment, is a fairlead for guiding
and securing an anchor chain between an offshore structure and an anchor. The
fairlead comprises a fairlead frame, a pivoting latch, and an actuator. The fairlead
frame is pivotally mounted to the offshore structure and supports an axle for
rotatably supporting a chain sheave. The pivoting latch is mounted and supported
on the fairlead frame to pivot in a plane perpendicular to the axle supporting the
chain sheave. The pivoting latch comprises a tension link with a chain latch and a
counterweight for urging the chain latch into engagement with the chain. The

actuator is for controlling action of the counterweight.



rotatably supporting a chain sheave. The pivoting latch is nounted and
supported on the fairlead franme to pivot in a plane perpendicular to the

axl e supporthohgﬁgg&hai n sheave. The pivoting latch Conp;llcilﬁﬁ&ﬂo%/@?@hm

link with a chain ch and a counterweight for urging th into
engagenment with the chain. The actuator is for controlling action of the
counterwei ght. -3 WO 2005/ 035352 PCTf US2004/ 031092 [012] The present
invention, in another enbodinment, is a nmethod for guiding and securing an
anchor chai n bet w838l an of f Shopeeserty iRyentian, dmdnather grbldimenthis arendtioatl for

conprises providin chay Ve I ) on..an_axl e su rted
by a fairlead fraﬁg?ﬁgng@ag?cﬁﬁggt ;ﬁje aﬁ‘%@k%@%hﬁ%ﬁ'@é\ﬁﬁgﬂ ?ﬁ%loéﬁaﬁrf‘}cm%ehgg(geanso
the anchor chai n' gnchbn Tl maivd @Omipsisedr6viinglal hainasheLnd foddtabll P ndifited on an

circunference of the chain sheave, and changing the anchor chain's |ine of

action to be essefeisuppoytedrhy pdairigpd framge inghaudingrthe gachor ehairf with) theighain
. . : e ] ; ] g
Becuring a chai n Sheadp A8PtSCinchlE Watihine F Rl |5, EBEG, (g %o

conprises a fairl eanmifeite ofthtichsin shédvacindr changiflg thesarBoLcIBI’ B tihe b actione
fairlead franme is pivotally munted to the offshore structure. The first
structure is couploks esseqtishp in-Hne with dhe axinef theakledapt ed to cause a line of

uct ure i s couplod e dhdha ! i ladapt ed to cause of
about, and b gorthal Iy taneis Pt gttt 39 siohEe itbolimddt Y sfifeed for2e"

The second struct guidingenddeguiring o chaithaed €or thbuting ancoftshofcdtiueturé. OThd aildudt | S
generally inline with the center point, [014] In one enbodi nent, the.
fairlead further ¢URRIisesadaizlsad framesf fust shyaiyreand & stsopd siuplyre: | Bhe Firleade
second structure L ASt: | | Al he
second structure ﬁg‘ﬁgﬁ%{’ éﬁ'ﬂ%’ %@g&gﬁb&eﬁﬁgﬁ!&%&kﬁﬁl&ﬁ%ﬁ% n |rg?%ce°?1:[uﬂgetdpai d
out, but to ratchetthalfairigad freme aad ndaptedtmutansas tine of actidreofcthaichainhwher the

chal 1 1 5 Dol g, AUl ot d B, SO o 1S 28501 2 S Salimtia

with, a radius having a center point. The second structure is adapted to change
the line of action to one that is generally inline with the center point.

[014] In one embodiment, the fairlead further comprises an apparatus
adapted to bias a portion of the second structure against the chain. In one
embodiment, the portion of the second structure is adapted to catch the chain
when the chain is being paid out, but to ratchet along the chain without catching
the chain when the chain is being in hauled. In one embodiment, the second
structure is pivotable about the center point.

[015] The present invention, in another embodiment, is a fairlead for
guiding and securing a chain used for mooring an offshore structure, the fairlead
comprises a fairlead frame, a first structure and a second structure. The fairlead
frame is pivotally mounted to the offshore structure. The first structure is coupled
to the fairlead frame and adapted to cause a line of action of the chain, when the
chain is being paid out or in-hauled, to bend about, and be generally tangential

with, a radius having a center point. The second structure pivotally depends from



[015] The present invention, in another enbodinent, is a fairlead for
gui ding and securing a chain used for nooring an offshore structure, the

fairl ead c%rz'#@:ﬁ,rgfgéaai rlead frame, a first structure angC?ﬂ%z&g)agmgz

structure. frame is pivotally nounted to the offshore
structure. The first structure is coupled to the fairlead frame and adapted
to cause a |line of action of the chain, when the <chain is being paid out or
i n-haul ed, to bend about, and be generally tangential wth, a radius having
a center point. Tihe faiclead frasiey iscadapted po engazk Itiye cleyie raid Has @rsensot foieading a
2005/ 035352 PCTI U52004/ 03109t$l bhe fairlead frame, is adapted to engage the
chain, and has a SBHEBOFRMBESHAY a2 tension force in the chain. [016] In

one enbodiment, tjpaefirst Sty B YhioliRneht, b st sthRURE S of Rlldcdt Ghéddt&n fa4n an
axl e supported by the fairlead frane, the axle being centered on the center

poi nt. |n one enbiwdatipmmn ar dxde supporieid by thedfririeed framgi thetaxle beimgeantaserl omthehe
axle. In one enbodi nent

the second.structure i.s adapted.t han he.line
of action to one" A Poiny- _ﬂréer%{ﬁl?gfhflﬁ?ti’ sﬁf@ﬂ_sfrﬂgmgeelﬁﬂ)évr(’?ﬂ& I_H?'%ﬁf’%ﬁﬂhel n
one enbodi ment, tigeSTAYAE enfbodiniént Ahe 8@ RAbiupd &dadipted tohMMhHIthS line of
| ongi tudi nal axis that is %geral |y parallel to a longitudinal axis of the

second st ruct ur e. aqtipndp ene:fgbisigeaerally irline yétistbe cenderpadnty ai n gage equi pped

| oad pin having ngi t udj i S rally.  pe i t.o.a
| ongi t udi nal axi sfb-'l(g? t he sg{c]gh%aé@bfoﬁ%pﬁl&’e.&he[ g%g?r %lal setpa%%t%gpleéw@ﬁ%%cho#ent S
are disclosed, sthdvinghheigitudifabdkigrhitsis @endrhigy Pmﬂarl*o 4 [onghtdias ydid bf grcone

apparent to those skilled in the art fromthe follow % detail ed,
description, whi c}CeRSREUGHE. dasme; eehodimenisthe SenspE is asHai gagstequipped fead

o ot B A AL APl BAE S,
of the present i nofthtiserondAtractuti ngly, the draw ngs and detail ed
deseription are tRRE "9 {itie®® multiple ' ebodiments " istiosede " still  other
embodiments of the present invention will become apparent to those skilled in the
art from the following detailed description, which shows and describes illustrative
embodiments of the invention. As will be realized, the invention is capable of
modifications in various obvious aspects, all without departing from the spirit and
scope of the present invention. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS
[019] FIG. lais a perspective view of a fairlead of the present invention.
[020] FIG. 1b is a perspective view of a portion of an offshore platform
(e.g., a floating dock, barge, vessel, or ship), wherein the fairlead of FIG. 1a is
employed at two underwater locations on a column of the offshore platform.
[021] FIG. 2a is a side elevation of the fairlead of the present invention
with the chain latch engaged.
[022] FIG. 2b is a side elevation of the fairlead of the present invention

with the chain latch in position for ratcheting or riding on the chain during in

hauling.



BRI EF DESCRI PTI ON OF THE DRAWNGS [019] FIG la is a perspective view of a
fairlead of the present invention. [020] FIG |Ib is, a perspective view of
a portion of wamepthshere platform (e.g., a floating dock, |, or
ship), wherein the fglﬁ:I ead of FIG la is enployed at two ﬁ‘ﬁ%ﬂ?%‘{f@ﬁ

| ocations on a colum of the offshore platform [021] FIG 2a is a side

el evation of the fairlead of the present invention wth the chain latch
engaged. [022] FIG 2b is a side elevation of the fairlead of the present
invention with t23thain | HiGha ks gpuds elevationmet thefaitlead ofjtherpresent myentivnt he
chain during in |4 = [ 0353 PCT/[ U 4/ 031092 [023] FIG 2c
Is a side elevati g’?]tﬂé#lg & gztacl rPéggﬁggﬁrﬁgl%ﬁﬁ}%gﬁgﬁ%%\/ent ion wth the chain

latch in position[g2a] rel eafIGG ihan ehpelevat{dd2dt] thEksalea bBthaprevest RiveNasn on
of the fairlead of the present invention wth the chain latch in position

for ratcheting onWithdheehsimlatrhip pgsifian feruntchefing ety chyimduring in haukinge

of “the present i nlemlion astId Yt dtsril8ldion B She 1RSGRe iRl el LGt 0y
FIG 3. [026] FI Gassbmblysofathe €siclesd of thei paesenf invEitidnadsalb weRRTapdebhifker fom

chain being present, and as the | atch head woul d appear if viewed fromthe
direction indicat€toBYingAef HG.3-FIG 4. [027] FIG 5b is the same view of

the latch head il Ldés%lr ated gfgF5Gis ﬁ?’end%%%rr \gltfé% ?{R@h ﬁ@?c{ ﬁ,itlg}ﬁ{épc PHERENT -

[028] FIG Sc is ctional el evation of the ead W ain as
the | atch head wohéidg gizentr and as thenlafchoread exduld appéanaf BBwed frore thd [ireftdaiO]
FIG 6a is the sang, view of the | h head illustrated in FIG b5a, except
the latch head ha@%t%%ym ﬁ\)@ﬁén‘?'i gur ati on.

[027] FIG. 5b is the same view of the latch head illustrated in FIG. Sa,

except with the chain being present.

[028] FIG. 5c is a sectional elevation of the latch head with the chain as
the latch head would appear if seen from section line BB in FIG. 5b.

[029] FIG. 6a is the same view of the latch head illustrated in FIG. Sa,
except the latch head has an alternative configuration.

[030] FIG. 6b is the same view of the latch head illustrated in FIG. 6a,
except with the chain being present.

[031] FIG. 6¢ is a sectional elevation of the latch head with the chain as

the latch head would appear if seen from section line CC in FIG. 6b.

[032] FIG. 7a is a side elevation of the fairlead of the present invention
having an alternative pivot point for the chain latch assembly.

[033] FIG. 7b is an end elevation of the fairlead illustrated in FIG. 7a.
[034] FIG. 8 is a detail view of the load sensors that are mounted on the
tension links of the fairlead of the present invention as indicated in FIG. 4.

[035] FIG. 9a is a side elevation of the fairlead depicting a sensor and
tension link arrangement of an alternative embodiment of the invention.

[036] FIG. 9b is a plan view of the fairlead depicted in FIG. 9a.

[037] FIG. 10a is a side elevation view of a trunnion mounted fairlead.



[030] FIG 6b is the sane view of the latch head illustrated in FIG 6a,
except with the chain being present. [031] FIG 6c is a sectional elevation
of the latc | the chain as the | atch head woul d | f seen
from sectiorr}wpﬁzﬁgg/%&?n FIG 6b. [032] FIG 7a is a side eﬁ’gﬁz[ﬁzg%m&f”?he
fairlead of the present invention having an alternative pivot point for the
chain latch assenbly. [033] FIG 7b is an end elevation of the fairlead
illustrated in FIG 7a. [034] FIG 8 is a detail view of the |oad sensors
that are nount ed [088) he t elk:.dlblis aronbtleyiteon’ vewl afdble Gdirl¢ddedgpicedint FIG.
invention as indigated in FIG 4. [035] FIG 9a is a side elevation of the
fairlead depictin 43 sensor and tension |ink arrangenent of an alternative
enbodi nent of the invention. [036] pETAIIED DESCRIFFIONEW of the fairlead
depicted in FIG 9a. [037] FIG 10a is a side elevation view of a trunnion
nount ed fairl ead.[039 WO 206K}.086562 rRepeubz0vien08l 0B faifledB]l 6f te piisents a

front elevation view,of t f.ai.rl ead depict.ed in Fl Oa. TAI

DESCRI PTI ON [ 039]™EFHE°T aﬁ]ﬁs_lg ‘Bér%eﬁ%’éf‘?‘(?_e"‘We‘{ffaoPO'&ﬂa F afqufgﬁar% Plgorm2
present inventio@.g. M foating ddekobage, SRSl loY@hfg),GvV\h&éinéfaiBl%dsl PRre¥mplByed at
of fshore platform2 (e.g., a floating dock, barge, vessel, or ship),

wher ei n fai r| eadstwp underveaien legetipngon a codurym def e effshose platferms 2o Althangham 3

oA o1 Lehor e Plbb Morotb Bu8heth AR BelaPihg iy b oRgkgpe!
(e.g., ship- Shap&dhéi&??@(ﬁ’)vess{eM@k.,éﬁipthhpE&lt\Fe@ée@sj. in FIG 1b, the fairl eads

1 are nounted on a hu structure 4 that is part of a colum 3 used to
support a corner [880} he of f ApdHestrapdains FliGn 1b, then fairdeadsr! rienmognted ag. a hyll
chain or cable) e u (o] de ter ;anchor throu h
fairlead 1, and u%ﬁg@?égf@xg{“gs é\%‘?gﬁ ati%l [ r‘g@hlgsmiﬁ%gsngpor?a co?x{er émhé Bftshore
platform 2. An anchor line 5 (e.g., a chain or cable) extends up from an

underwater anchor 6, through the fairlead 1, and up out of the water to the hauling
equipment 7. The chain 5 may then extend back down inside the hull structure 4
to chain locker 8 or other storage arrangement for excess chain.

[041] As shown in FIG. 1a, the fairlead 1 comprises a fairlead frame 60,
a chain sheave 70, and a chain latch assembly 90. The chain sheave 70 is used for
initial installation and pre-tensioning of the mooring chain 5. The chain latch
assembly 90 is used to transfer the chain tension from the chain sheave 70 to the
fairlead frame 60 and into the hull structure 4, once the chain pre-tensioning is
complete. .

[042] As illustrated in FIG. 1a and FIGS. 2a-2c, the fairlead frame 60 has
one end pivotably attached to the hull structure 4 and another end supporting a
horizontal sheave axle 80. The fairlead frame 60 comprises two vertically
oriented side frames plates 64, 65 joined by top and bottom horizontal plates 66,
67 extending perpendicularly between the side frame plates 64, 65. The top and
bottom horizontal plates 66, 67 are pivotably attached to upper and lower
foundation brackets 50, 52 via upper and lower vertical swivel pins 51, 53.

Specifically, the upper swivel pin 51 is connected between the upper foundation



equi pnent 7. The chain 5 may then extend back down inside the hull structure
4 to chain locker 8 or other storage arrangenent for excess chain. (041] As
shown in Fl Gy airlead 1 conprises a fairlead fra i,n
sheave 70, anéif’bos, g’?\sn | atch assembly 90. The chain sheavgﬁ‘p'/(g[g'ljSz(){}}‘sléez"g&]9 or
initial installation and pre-tensioning of the nooring chain 5. The chain

| atch assenbly 90 is used to transfer the chain tension fromthe chain
sheave 70 to the fairlead frame 60 and into the hull structure 4, once the
chai n pre-tensi onbragkets 50 candpthet wp herigpptahplate | fs tandt e HOWeFlminaPianﬁﬁ H$ GS.

2a-2c, the fairlead fr #t d.t hul |
structure 4 and aﬁg?lwgfﬁe?mg&g‘%g%lgr%%r?&g’dﬁ%érﬁ?tzoga%wﬁ ﬁ§&3§ 3 ﬁ%mgf? ﬂtéﬂ
fairlead frame 60prese7.i 786 upper andribwesioudationivesukett 30, 82 atd ssdRednb Ahekulb4,
65 j oi ned by top and bottom hori zontal plates 66, 67 ext endi ng

per pendi cul ar |y b&twgseis 4 ofhg pifehare glafopndt es 64, 65. The top and bottom
hori zontal pl ates 67 ar | C

f oundati on brackel[&ﬁgo 52 \G/il‘hg %‘%%‘2@%%%}(? %V\%r?aqz\l/btel? cafecfle %ngzec}n?ﬂesheavg 1%
Specifically, the80pmdrisshéretey sypported biysthe dairlent ﬁdeEﬁOJ\eBﬂoﬁ&emb@cﬁﬁfent the
foundation -7 WO 2005/035352 PCT/ US2004/ 031 92  bracket 50 and the top
horizontal plate 682nghervend mayks appekeiad pyifdcasy qrssmﬂéfrﬁli’éé‘feeﬁiow waich tb‘he

| ower foundati on tihe 7 T

and | ower foundat ?féﬁﬁ%%&et 2%%&5@2%%@&%% to aﬂmﬁhﬁﬁt fro% t?udgl?l&re 4 of
t he of fshore plat ffairlaachathwﬁg vafhealqiamextanklﬁ@\@twhe deckabatabl e about the

hori zontal sheave i.s.thereby s orted b airlead fra
60. In one enbodi r@‘ﬁ{] the FIH“% %tak&é%s)egﬂaﬁxzyobg Hlviéﬁﬂi’i@ela W"WFI‘%R%P“Er
simlar sheave ar Qh'éh%%alecéb ideeo @;}5}&@95 déi&?hcﬁxdﬁ%?é{ B o8 Fllﬁﬁcstlbﬁ &Eﬁ gn S

transitions fromits anchor-to- pat vertlca pat h™ ekt endi ng
up to the deck abofeourt@]glitlaeng h86,and atpair of sewnttxiweigls 1%7. pTheolatchlhead hORit
t he hori zont al

3.

is adapted to engage the chain 5 and the counterweights 197 act to bias the latch
head 192 against the chain 5.

[045] When the chain 5 is hauled in or paid out to adjust the tension in
the chain 5, the sheave 70 rotates about the horizontal sheave axle 80 as the chain
5 passes through the fairlead 1. When the chain latch assembly 90 is engaged, it
prevents the chain 5 from displacing through the fairlead 1 and transfers the chain
tension forces to the horizontal sheave axle 80, where the forces are transmitted to
the fairlead frame 60, through the upper and lower foundation brackets 50, 52
(with swivel pins 51, 53) and into the hull structure 4 of the offshore platform 2.
[046] FIGS. 2a-2c are side elevations of the fairlead 1 of the present
invention with the chain latch assembly 90 in the various positions it can assume.
Specifically, FIG. 2a is a side elevation of the fairlead 1 with the chain latch
assembly 90 engaged to secure the chain 5; FIG. 2b is a side elevation of the
fairlead 1 with the chain latch assembly 90 in position for ratcheting or riding on
the chain 5 during in-hauling; FIG. 2c is a side elevation of the fairlead 1 with the

chain latch assembly 90 in position for releasing the chain 4.



sheave axle 80 and conprises a latch head 192, a pair of tension |inks 194,
a pair of counterweight arns 196, and a pair of counterweights 197. The

| at ch head 1 ' pted to engage the chain 5 and the c i 197
act to bias taﬁ)ezoPSZ?sg head 192 against the chain 5. [045] %ﬁzﬁ@éﬁgﬁgi nb5
Is hauled in or paid out to adjust the tension in the chain 5, the sheave
70 rotates about the horizontal sheave axle 80 as the chain 5 passes
through the fairlead 1. Wien the chain | atch assenbly 90 is engaged, it
prevents the chai f04&7]f r om diAypillastrated inFIGu g whea thechdie daicH asemblyr Hhis fiwits

the chain tension farces to.the harizpntal sh axl e 80, where the_forces
are transnitted t atchipg of g?t&i"&ﬁgo?lﬁgﬂ’eztg%g%htlf'ﬁagaéz eP%aegeﬁﬁg’é‘# i fhe ¢haley and
foundation bracketsgcufpés the2chalnist aﬁi&t\ﬁﬂ{hepgﬁmﬁ.lmé?éo@@é}w%&%% 19E chisk | the
structure 4 of the offshore platform2. [046] FIGS. 2a-2c dare side )

el evations of t he chainrfatehdssembly 9hto tendtnepivot in geennterstockinise ditestiomas seehan ch
assenbly 90 in th rLo It] j t . ecif.icall Fl 2a
is a side elevati ﬁ(\ﬁgf b?'gg' ?lg]ﬁ]rs 1 iehggc%fi nv&aﬁzﬁ%s%z&gggpﬁs ﬁga{sgﬁi 1ntgsc§8%8ﬁ Vltg(}he
engaged to secur e chhif L, i BartiCll&x, thtaich hdads1 eis @k@dabirde oafthé biain Gandhead
1 with the chain latch assenbly 90 in position for ratcheting or riding on
the chain 5 duri ngWing iQRrichgin grasgingpositiongn syhich dedatgh herd 492 greps alink sad 1

WO 2008/ 035352 PCHOITOA PO PH8D e T SAhe e 70 BAART MRS £ 0 e

chain I atch assenijo48]90 i s iAs shewn liRtlG 28, whes ahe lehaig ek ddsemblyt H@ is ahch
head 192 engages a link in the chain 5 and  secures the chain 5 against

h
further payout. THResESnfeRHGBERN: te chan S diing indaulingthe chain datgh agsembly 89 t o

tend to pivot in ] di | as.,.f ' = 2C us,
the chain latch a&%@ﬂg?;&g@@g%g@& Alisﬁt&&# %&Hf}%&‘?ﬁ%@?wﬁuﬁ%k@%ﬁ %ué%gg&? I n
particul ar, the | ahchtdhetaeld 192 dassesthgechaimlatdhdessembly 196 tohiderons bannbttlatch ®wi ng
into a chain gras%i,qrgrg,postbtion i_n which the |atch head 192 grasps a link so
the chain 5 cannothitéB¥EOfte EAYUR S0t f t he sheave 70 toward the anchor 6.

[049] As indicated in FIG. 2¢c, when the chain latch assembly 90 is in

position for releasing the chain 5, the latch head 192 completely clears the chain

5. Because the counterweights 197 bias the latch head 192 against the chain 5,
the chain latch assembly 90 must be urged fully out of engagement with the chain
5. In one embodiment, this is achieved by in hauling on the chain 5 to transfer the
tension from the tension links 194 to the sheave 70 and then pulling on a tag line
110 to lift the counterweights 197, thereby causing the chain latch assembly 90 to
pivot clockwise, which causes the latch head 192 to completely clear the chain 5.
[050] For a more detailed discussion of the chain latch assembly 90,
reference is now made to FIGS. 3 and 4. FIG. 3 is an end elevation of the fairlead
1 with the chain latch assembly 90 in position for ratcheting on the chain 5 during
in hauling. FIG. 4 is a side elevation of one half of the chain latch assembly 90 of
the fairlead 1 as it would appear if seen from section line AA of FIG. 3.

[051] As shown in FIG. 3, the chain latch assembly 90 is generally
symmetrical around a plane that is perpendicular to the horizontal sheave axle 80

and bisects the sheave 70. Bisecting the chain latch assembly 90 by said plane



[048] As shown in FIG 2b, when the chain |atch assenbly 90 is in position
for riding on the chain 5 during in hauling, the chain latch assenbly 90

serves a rat | nction. As long as in-hauling contin h
configuration g}f“w‘g‘ﬁ;eﬁl atch head 192 causes the chain Iatc#@é@%ﬂ@l’?"@é to
ride on, but not latch or hitch into, the chain 5. [049] As indicated in
FIG 2c, when the chain latch assenbly 90 is in position for releasing the
chain 5, the latch head 192 conpletely clears the chain 5. Because the
count er wei ght s 197esbitain twesynahetticd datf st@naghe right idhfsection h9®Gand thhdefchaf n

| atch assenbly 90 nust Bﬁ ?gg(ﬁ fully out of engagenent with the chain 5.
In one embodi ment Se4HORLPE i®ved by in hauling on the chain 5 to transfer
the tension frompgdy tensi oy kdidased B FIG. UNYHIIERVE sIf NAhSEL RS RHE Irighe On
atag line 110 to |Iift the counterwei ghts 197, thereby causing the chain

| at ch assenbly 90 symmepricabhalg 19¢ Rivheehaintatch assambls9Q Hhustrated in FKa®B, poe end

Pl ot o B3, A0PH) el Rt YRS Ry dha
an end el evation aftadhed té an bkleddb 198 Wating lah @xIeltperlink 499 fthaa$$ addpled t8Qedeive,
position for ratcheting on the chain 5 during in haulin FIG 4 is a side

el evation of one B&d pivet aboiy, disdiorzontaltheavesaxinBY ogdaecfairlge'adéranm ¢0.cQuge endis
it | d i f . ' | F 3. : '
i o5, %t e onai nof BECeteBIBREpB0r ahBad Arfte e TenstoRdlk BRI b,

that is perpendi ctdmdfont Bnk’BendQrand ahé athes RBAGE tix tounBétweiih shipsa€ bsn 1196 is
sheave 70. Bisecting the chain latch assenbly 90 by said plane -9 WO

2005/ 035352 PCT/ ustiedhef ¢ thegpuntesstights!9’n two symetrical hal f sections, the
right half sectio 0 and the . ectjaon : I [

I ndicated in FIG I'[‘91?1,'3%\/\,41i ch i‘L{s\g 3ﬁ(§{%ége Ig}\'/azgilgln&g egﬁﬁgdﬁ%ﬁt %esglﬁc#eﬁ‘?ﬁcé

hal f 190 of the champrikatanherpagiapiopk Iatchldr eatch d08da lifk Flotwall,150n& skedrd linkf

the tension link 194 is attached to the |l atch head 192, and the other end is
platform 152, a long link platform 153, a connection plate 150, and head sidewalls

158. The engaging hook, latch or catch 193 forms a link receiving pocket 200
and has a sloped backside 195 that allows a link to slide up and over the latch 193
as the chain 5 is in-hauled. This assembly may be cast, forged or milled as a
single unit.

[054] As previously stated, the left half 290 of the chain latch assembly
90 is a mirror image of the right half 190 shown in FIG. 4. The two halves 190
and 290 join at the connection plate 150 and the axle hub 198 to form one integral
unit, as indicated in FIG. 3. The connection plate 150 extends between the
engaging hook, latch or catch 193 of the right half 190 and its symmetrical
counterpart in half 290.

[055] For a more detailed discussion of the latch head 192, reference is
now made to FIGS. 5a-5c. FIG. 5a is an end elevation of the latch head 192
without the chain 5 being present and as the latch head 192 would appear if
viewed from the direction indicated by arrow B in FIG. 4. FIG. 5b is the same
view of the latch head 192 illustrated in FIG. 5a, except with the chain 5 being
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attached to an axle hub 198 having an axle opening 199 that is adapted to
receive, and pivot about, the horizontal sheave axle 80 of the fairlead
frame 60. One end of the counterwei ght support arm 196 attaches to the

tension |inkwHodagkygen the tension link's ends, and the A @;’91 gg t he
counterwei ght support arm 196 is attached to the counterwei gf’1 i 0[ 53]

As shown in FIG 4, in one enbodinent, the |atch head 192 conprises an
engagi ng hook, latch or catch 193, a link slot wall 151, a short |ink
platform 152, a long link platform 153, a connection plate 150, and head
sidewal | s 158. TP&S@g 15@ctectionsl elevasionofithhlatdicherd 1R veith ﬁhnlchalecﬁeasvl ng

B4
pocket 200 and h I |de up and
over the latch 19@1%1%(52&#1%@90 22\?%5@ sée SE%{pfélg%eﬁtmnsu&lé% Ftl(‘? y be cast,
forged.or milled @56 singhe mnsttatec{ @154:]IGA$aPItlﬁi\/hﬁldelét SaBs g1 fon@ A afdk
hal f 290 of the chalnlatch asse is amrror image of the right half

190 shown in FI G regeivingeslotlys H&W@gs ﬂ@dullémﬂngtfaedatﬁh af:ad h2. cAnindiedterhin

plate 150 and theg 5k9 f r

FIG 3. The conneclgﬁéon ;bflﬁ ate’ %’(}ﬁle(xrt%eérilW Eleoit \?\é%gs ﬁ%gteﬁri'ér)]tac:co?r%ne%gé ﬁﬁ)ksl tﬁf‘
or catch 193 of tire oriegted peapéndicdlarhnig the $inkplavkdrsCis, 16DuRtRY gladii 5ii9 1ﬁla|f
290. [055] For aFﬂore detai | ed. di scussion of the |latch head 192 reference
is now made to Praled moths diregtieq indicajed by aregyy De| Ay SRV ILFIGH Sb 2ndcte

192 without the t 9
appear if i ewedﬁlpéo ﬂg%gﬁgtgg | on %tnog":ﬁgg?lgdﬁ %&r@?r%\?\i Eﬁagl(% %Hgmegf% 5b
is the same vi ewlaffotie152t168 dndabe §9ped bdldkSidBﬁllQﬂ of theMfgaging, latekesed3 & t h

the chain 5 being 2005/ 0353 PCT/ US2004/ 031092 present,,. FIG 5c is
a sectional el eva?hFd‘i‘aJélfV\g)t‘ h%’?@n‘“héﬁdilrf?f?%n@’r?aieﬁé’ycm% I As illpsieatedaine

head 192 woul d appges. 51; H&H‘tﬁ@% lslﬂfg%eggipghagﬁht?or&iglte [ Qlreéfon

illustrated in FIG Ba, t e I|n sl ot
indicated by arrow D, and the chain 5 has been latched onto by the latch head 192,

one end of a link that is parallel to the link platforms 152, 153 resides within the
link receiving pockets 200 formed by the latches 193 as links that are
perpendicular to the link platforms 152, 153 are accommodated by the link
receiving slot 155.

[057] FIGS. 4-5c illustrate a latch head 192 with latches 193 that contact
the exterior edge of a link residing in the link receiving pockets 200 without the
latches 193 passing through the interior space of an immediately adjacent link.
However, the latch head 192 may employ other configurations and still be
considered within the scope of the present invention. For example, FIGS. 6a-6c,
which are respectively the same views as FIGS. 5a-5c, illustrate a latch head 192
with an alternative configuration. As shown in FIGS. 6a-6¢c, the latch head 192
comprises short and long link receiving slots 155a, 155b, head sidewalls 158, link
platforms 152, and a single latch 193 that is in-line with the link receiving slots
155a, 155b. The latch 193 forms a link-receiving pocket 200 and has a sloped
backside 195. |

[058] With the exception of the single latch 193 and its link-receiving
pocket 200, the corresponding features of the latch head 192 illustrated in FIGS.
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receiving slot 155 that runs the full length of the latch head 192. As
indicated in FIGS. 5b and 5c, the link-receiving slot 155 is adapted to

accommodat ewd bfp§piHd are oriented perpendicularly to tgﬁ%%ggogéﬁéézorns
|

152, 153 as the chain 5 is in- hauled in the direction in row D.
As shown in FIGS. 5b and 5c, the Ilinks that are oriented parallel to the
link platforns 152, 153 slide along the link platforns 152, 153 and the

sl oped backsi des 195 of the engaging |atches 193 as the chain 5 is

i n-haul ed in t he 6aibcdonstion simélpdy teedospyillustrated . FIGS. ShiSos tThatsegld atchAI93S. 5b

and 5c, when the 110 ' t.o i he direction. j.ndicated
by arrow D, and toﬁgi% d ﬁtzglﬁrl]l Q%f flgzg (‘a@ﬁh%zliﬁgh%ad&g%?gta‘g@hﬁ%‘?ﬁ%(?hg%%faadh@@@

one end of a |i nipaishgs thrsughahainketior pack o€ ah imediarly &jadenifRe. 153 resides
within the |ink _receivi nglfockets 200 fornmed by the l'atches 193 as |inks

that are perpend®?iar to Ah&ani bk Premsosd noms FIGE5 Padfice 2nd cihampigsediog by
Lhe 11k _ 'ecolvigia LAt SRl RaThoP| OBk 114 Uakhal Skl ShellRed 2

with latches 193 at contac e exterio ge o resi

link receiving poekhitch Bd W2tibbitsed hgainst alictiedn $33dnas shalg 5t Brawdlngd fhea
interior space of an inmmedi ately adjacent |ink.  However, the latch head 192
may enpl oy ot her PRFRHiditerten HKS 1sARPosits (q theedirection inficased by FPW PHe HESpe of

same vi ove. as Fi OB s vt of) Aoeh B Hien RO e RRPRE AR | o°
configuration. Ashehteinhead FIZES. cdadighred sohie ratehetd oheialds dA2he chaiprs, seishombhor t
Blatf or s 153, aRGEIEIE §iA Ehain e AviEg 30 b, 219 FEVEiing i i i divgtion as
e 3] ot SR BBy IR BB Sy et gtacn | epel v, et 200
193 and its |ink{0&djei vi ng Inparkembadifient, the chainekpuhn dssambiye 80 Lis gaefetatine
ateh head 192 1 ke hos pivotal motion on'the Siedve xle 80 However, & lsiratod in -
FIGS. 7a and 7b, which are side and end elevation views, respectively, of another
embodiment of the fairlead 1, the chain latch assembly 90 is mounted for similar
pivotal motion on pivot pins 300 supported by the fairlead frame 60. The chain
latch assembly 90 could also be supported at a second axle 302 (as shown in
phantom in FIG. 7a) so as not to interfere with the sheave 70.
Load Sensors
[061] Monitoring of loads in mooring lines 5 is desirable for a number of
reasons. The fairlead 1 of the present invention provides a convenient platform
for this monitoring. As illustrated in FIGS. 2a-2c and FIG. 4, a pair of load
sensors 120, 122 is mounted on opposite sides of each tension link 194 of the
chain latch assembly 90. These load sensors 120, 122 are more clearly
represented in FIG. 8, which is a detail view of the load sensors 120, 122 shown
in FIG. 4.
[062] As indicated in FIG. 8, each load sensor 120, 122 comprises a pair
of upper and lower brackets 130, 131 with a gap 132 placed between them. A

force sensing bolt or stud 136 is threaded between the brackets 130. An electrical
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6a-6¢ function simlarly to those illustrated in FIGS. 5a-5c. The single
| atch 193, of the latch head 192 shown in FIGS. 6a-6c, contacts the
exterior edge of a link by passing through the interior space of an

I edi at el ywashoaseiksyd | nk. (059] As can be understood fror@d&l/6§ 165 and
the preceding disclosure, the latch head 192 is configured so X engage

the chain 5 only when the latch head 192 is biased against the chain 5 and
the chain 5 is traveling in a payout direction that is opposite to the
direction indicated b% arrow Din FIGS. 5b, 5c, 6b and 6¢. Although the
| at ch head 192 mi§KHEVSUBRESS Ay AeRETary ROWER 49 Fhesforce yeasingtholt arestii %@ﬁzamds

configured so it &@%Qfaﬁﬁlg%l ﬂoﬁﬁéed%l}r thBDoft R isth 13¢ fgh&% oﬁmg'd?ﬁn@

chain 5, when the ain"b57s rave In an in- |rec I on a I cat ed
by arrow D in Fl @wihb, ASujtalib b@ltd)r&:md [3¥6for thmtemmendnﬂksodf)ﬁﬁm'a fotchgendieg n
ivotal notion on_t eave

| h bl 9 f d f
ailtg SSSSﬁbwezer% iasl%?aﬁg‘{lﬁg{eycfrqqﬁ g{f?al@?? Or?%‘g)rﬁﬂﬂly7t{an\ﬂﬁgcﬂth§¥% E?"at@ aftl end

el evation views, vsfv@\%.@&&hbé{'%dfn Al @nghfb%rHﬂPR'JBQ@'W%% cﬁﬁshfohacle‘eﬂ' phepghog, the
chain | atch asserrbly 90 is mounted for simlar “pivotal notion on pivot pins

300 supported byBebanst sach éendionrlinke] B0is eqnmpcdaamh fdregt sdnsimgshwmits| Y3696ne oul d

al so be supported at le 3 s sho ant.om j,. G, 7 so
as not to interf&%° ﬁotﬁqgﬁé:ogﬁxtaev Céﬁ%ﬁcfcgé’ s%??at%é’f c{gbznw SiHE) t@%

| oads in mooringeld@$ bolt sensdefilupWhdu@ FerdovitgTRIchih, reasons. The fairlead
1 of the present invention provides a convenient platform for this

moni toring. As i [0&Ht rat ed InranFalssnative-eebagirdert) @& depictedpiai FIGS. 90and b,
sensors 120, 122 _i.s ,munt ed oy p i des of each te k, 1

the chain I atch “SRgLAly jepEet “F%E éqﬁlg‘éa%é’gn@ r%laﬁélécwslﬁgﬁaer Ea“hﬁ?? 8?;}5
represented in Flpfasef 1n%htﬁ)|ii b&chateﬂ@&rﬁhhk \1943%.@&1 h rlsegtlemervaaraad JaaewellZZ
showmn in FIG 4. (062] i ndi cated in 8, | oad sensor 120,

conprises a pair Se@flelliplr%b jeined [teggger Eraa%l@@ﬂ@llégo Pstindjceted 4n g3ES 1@@31?11 aced

between them A 9b, in one embodiment, each upper segment 194a extends from the horizontal

sheave axle 80 to a male end 402 having a hole that is transverse to the
longitudinal length of the upper segment 194a and adapted to receive the load pin
400. Each lower segment 194b extends from the latch head 192 to a female end
404 adapted to receive the corresponding male end 402 and having a hole that is
transverse to the longitudinal length of the lower segment 192b and adapted to
receive the load pin 400.

[064] Like the bolts 136 depicted in FIGS. 4 and 8, the load pins 400 are
strain gage equipped and serve as a mechanism for monitoring tension in the
tension links 194. Unlike the bolts 136, which measure tension forces, the load

pins 400 measure shear stresses that are then utilized to calculate the tension in

the chain 5.
Alternative Configurations
[065] As indicated in FIGS. 1-4, in one embodiment, the fairlead 1 is

configured such that its counterweights 197 displace along the exterior sides of
the side frame plates 64, 65 of the fairlead frame 60. In one embodiment, as
shown in FIGS. 9a and 9b, the fairlead 1 is configured such that its
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force sensing bolt or stud 136 is threaded between the brackets 130. An
electrical -12 WO 2005/ 035352 PCT/ US2004/ 031092 |ink 180 supplies any

necessary pPaipod/dssdre force sensing bolt or stud 136 and pcay;
si gnal produce % e bolt or stud 136 off to a nmonitori ng unlzlt()&?

shown). A suitable boIt or stud 136 for the tension links 194 is a force

sensing bolt 136 available from Strai nsert Conpany (anong others) | ocated
at www. strainsert.comand 12 Union Hi |l Road, West Conshohocken, PA 19428.
Because each tenspamenwerghts %7 displacpibebwesn the itteriarrsides of ti side foahe plate3®4, one

or nore bolts 1%$ g@}?lfgl gggrﬁi%%e%ed by a renote operated vehicle ("ROV') in

the event of bol ure W thout renoving the chain. [063] In an

al ternative enbogoes as Adepidivatd in"FIBSCS-4,98 ciedeibodimehd, ¢he Bfifsad 1 is
respectively, si de eI evatlon and plan vi ews of the fairlead 1 of the

present inventi ofonfigised (8RR BAL [iisnkramg46G148 pivo@peeouptashdatwerndan amppen
| oner  segment 1%{91&861{1 n%l&gegﬁe{mdveacﬁwéro%gurpdaﬂoﬁog ac@4gad' ¢ t%g ﬁhF

FIGS. 9a and 9b, 1n one e upper seghen ext

the horizontal shdatienenx the Fhirlead A isalttindivth MOEntB@ faiflgad 1 el stowhah FISS.
transverse to the_ |lon |tud|nal | engt h, of the upper segnent 194a and adapted
to receive the | d982apd A0b.swbich arg mespeciivelys @ siferplevatiop vasw andig frong glevaidon at ch

head 192 to a feuRe 0Pt rifidu fAPAEdIRaER A RIES! 16a SR ARDAN RGP g end

402 and having a ransverse o the [ ong t he

| oner segment 192bnfigwiedsiatht thak itsoframe 6@ iis/eoupledl tocapivpl pinB00, addthé Jpitdtipen t he
bolts 136 depi ctsg in FI% 4 and 8, the | oad ns .40 {( strain gage
equi pped and ser va0 g%tegd WA TP UPEFT FGIOWEF f‘ﬁkj‘ dations Pegksts S0ne2, ‘f’@ﬁ@a&h

o e e ROl o A1 TSR, RETRLER | Spha BAGSRA

tension in the ¢heafairléad 1Addpictechin FESCA04 iandid 8 isopisotally mounted below the hqu
points of connection (i.e., foundation brackets 50, 52).

Operation

[067] During initial installation of the mooring chain 5, the chain latch
assembly 90 with its latch head 192 may be held in the released position (as
shown in FIG. 2c) by a tag line 110 connected to a small winch on the vessel
deck. A messenger line is used to feed the chain 5 up from the anchor 6, through
the chain sheave 70, and to the tensioning device (e.g., hauling equipment 7). The
tensioning device 7 is then used to increase the tension in the chain 5. This
operation varies somewhat depending on the vessel and its owner’s requirements.
[068] Once tension begins increasing in the chain 5, the tagline 110 is
relaxed and the counterweights 197 cause the chain latch assembly 90 to pivot
into the ratchet position shown in FIG. 2b. This causes the latch head 192 to
come into contact with the chain 5 and to ride along (ratchet against) the links of
the chain 5 as the chain 5 is in-hauled. As illustrated in FIGS. 5a-6¢, when the
chain 5 is in-hauled, the shape of the latches 193 causes the chain links to ride up
and over the latches 193 without engaging. As can be seen in FIG. 2b, when the
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[065] As indicated in FIGS. 1-4, in one enbodinent, the fairlead | is
configured such that its counterweights 197 di splace along the exterior
sides of t ane plates 64, 65 of the fairlead fr e
enbodi nment &82%%%% in FIGS. 9a and 9b, the fairlead 1 ?’g%fc[%% 0|4)g(1)31rog€| such
that its -13 WD 2005/ 035352 PCT/ US2004/ 031092 count erwei ghts 197 di spl ace
between the interior sides of the si de frarre plates 64, 65 of the fairlead
frame 60. [066] As |nd| cated i C? in one, enbodi nent, the fairlead 1
is configured sGB¥N{ H&Peﬁnﬁén'#‘?‘élﬁ@ G)Cli'%nﬁlh%f’ﬁﬁqti?ndéﬁiﬂeé@alb’mﬁﬂatﬁ theper
foundation brackef, ?f RGN B on bracket 52. In another

enbodi nent, the ?al rﬁ{agﬁgc IS a trnu%n%ﬁmnnunt ed fairlead 1 as shown in
FIGS. 10a and 10@69]whi ch &mep thepmpet Chadi yansmnss deached; the temRionimpndedtist A

front elevation ,view of the e ustrated in FIGS. 10a_and
10b, the fairl ealfe#in anlﬁ%ﬂ\‘“ih @‘H“Su&?tlﬂé‘jl lt;ésl‘?ql H‘ét Hts engaging Beey lateh o
pi vot pin 300, ag RiH3ad

f oundati on brackegéét%}plﬁg\éﬂra&:hl ca g%e@&gﬁﬂﬁéggto tc;l;l wuqﬁptﬂg{lﬁ ?:%I}Ffe%}he
Thus, unlike thelmhlplaMslli?emSBt@dwmrmFFIGS 53-5¢, Théengagenienndetivedaphet ed

e oh, 20 AR o S 2 e PSS M5 I o Wi g

initial install araha)rﬂh@tna& %rc@ﬂﬂ%ig?&hé NAER héad 1¢E3agvchﬁ’dt Nhé 3h&l 5. aE%g&gtélrﬁeni?O

with its latch head 192 nay be in the rel eased position (as hown in
FIG 2c) by a tagrdvents fmmbercdmepamtt (Tha 18'11113.‘111| fomencﬂ'omnhet taasmasrgedevme'bk. A

messenger line is usg d t.o f t fro hr qugh
the chain sheavemf@f ﬁ%le?SS ’tﬁ% t@’z tgl Wd% ans “iﬂrffﬂ@ hﬁu@ﬁ’ﬁ’bnt
7). The tensi onishéhve €0it6 @he' tenSiok Bk mee@ldtl@toltﬂ@ h@ﬁ&ﬂltﬂ@ﬂeé\%rhﬁdl&gm Asithe
chain 5. This operation varies sonewhat depending on the vessel and its

owner's requi r emégnsipning dedge Hrraatinesssioopryblyiths tangiondasthaghein § iveusendhe 5,

the tagline 110 Igain jatch assembly 90 to pivot until its tension link 194 is in line with, and part

of, a line of action running from the anchor 6, through the chain 5 and tension link
194, and into the horizontal sheave axle 80 supported by the fairlead frame 60
(see position assumed by the chain latch assembly 90 iﬁ FIG. 2a). Thus, the
anchor chain’s line of action has shifted from being essentially tangential to the
circumference of the chain sheave 70 during the in-haul process (see FIG. 2b) to
being essentially in-line with the axis of the axle 80 when the latch head 192 has
fully engaged the chain 5 and the chain’s tension load has been assumed by the
tension link 194 (see FIG. 2a).

[070] If it is desired to release the chain 5, the hauling equipment 7 on
the deck must be engaged to in-haul the chain 5. Once the tension in the chain 5
is largely transferred from the tension link 194 to the chain sheave 70, the tag line
110 can pull on the counterweights 197 to pivot the chain latch assembly 90 from
the engagement position (FIG. 2a) to the released position (FIG. 2c), thereby
causing the latch head 192 to move away from chain 5. The chain can then be

paid out without the latch head 192 engaging the chain 5.
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rel axed and the counterwei ghts 197 cause the chain latch assenbly 90 to
pivot into the ratchet position shown in FIG 2b. This causes the |atch
head 192 t i.pfo contact with the chain 5 and to ride al on r at chet
agai nst) t&@?@%g&’% the chain 5 as the chain 5 is in- hggr@azoog(g§109z
illustrated in FIGS. 5a-6c¢c, when the <chain 5 is in-hauled, the shape of the
| at ches 193 causes the chain links to ride up and over the |atches 193

wi t hout engagi ng. As can be seen in FIG 2b, when the -14 WO 2005/ 035352
PCT/ US2004/ 03109@71]chai n SAlthpughithrypiesent daneation haebesnadascibdd wish aéference on i s
essentially tangenti.al fo th clirc er er of . 1h in sheaye 70. [ 069]
trce the proper WRitarred bifimedlr BARE AR wuh 3R RIIFFeaRORE LS Ehinast e
payi ng out the i B Bade’th fohf affakiail Withsudpartigtirorh e GRgEMIARG0 hel at ch
or latch 193 of?ﬁgiqﬁﬁhead 192 engages the nearegt chain'link that is
paral l el to themyenfiRnpl atforns 152, 153 shown in FIGS. 5a-5c. The
engagenent between the chain 5 and the latch head 192 is brought about by

t he shape of the latches 193 and the bias force urging the latch head 192
agai nst the chain 5. Engagenent prevents further chain payout. The in-hau
forces fromthe tensioning device 7 my be released, so that the chain
tension is then transferred fromthe chain sheave 70 to the tension |ink
194 and into the horizontal sheave axle 80. As the tensioning device 7
continues to payout, the tension in the chain 5 causes the chain |latch
assenbly 90 to pivot until its tension link 194 is in line with, and part
of, aline of action running fromthe anchor 6, through the chain 5 and
tension link 194, and into the horizontal sheave axle 80 supported by the
fairlead frame 60 (see position assuned by the chain |atch assenbly 90 in
FIG 2a). Thus, the anchor chain's Iine of action has shifted from being
essentially tangential to the <circunference of the chain sheave 70 during
the in-haul process (see FIG 2b) to being essentially in-line with the
axis of the axle 80 when the latch head 192 has fully engaged the chain 5
and the chain's tension | oad has been assuned by the
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tension link 194 (see FIG 2a). [070] If it is desired to release the chain
5, the hauling equipnent 7 on the deck must be engaged to in-haul the chain
5. Once the tension in the chain 5 is largely transferred fromthe tension
link 194 to the chain sheave 70, the tag line 110 can pull on the
counterwei ghts 197 to pivot the chain |latch assenbly 90 from the engagenent
position (FIG 2a) to the released position (FIG 2c), thereby causing the
| at ch head ¥§Z2atMsnove away from chain 5. The chain can then be paid out

wi t hout theTatch head 192 engaging the chain 5. -15 WD 20051035352

PCT/ US20041031Q%2 : g Pt i [ cribed
W th ref e?énceg%f%ge%(r}é%%url@é% enbét}lé?lg\%r??ér?ﬁ%gtrf%rgnmé %g E%?nggﬁnﬁﬁﬁgregtrﬁg W | |

r ecogni ze faitlead comprisie& rmay be made in formand detail wthout departing
fromthe spirifeandsS6AREHBGY, Mount ATRL L@fore ool M 1. A fairlead for
gui ding and securing a chain Sed Tor moori ng an orfshore structure, the
fairl ead conpr ashangsheavefmanunted ot rétatioreon shedvalakly suppartédlly the fdithead dtuns;hor e

structure; a chain ave unt for rotati n, a, sheave.  axl.e pported by
the fairl ead f?grﬁérf i a‘cc’:sﬁréllf’rﬁfpfvé’s C d&?@%%ﬁ"‘g‘f}%@{rgw éaﬂﬁﬁﬁqﬁﬁﬂﬁlaﬁ‘om t he
fairl ead fassembly comptisingialarchlheidcfor erpagiagine yhaig Whieies saifl latch Aéadlenfapadiné or
engagi ng the chain, wherein said | atch head. engages the. chajn _only when

e a’l a ot g bt Bl s Radalost ienain Ao R CoAiBs PP Ang e i ng 1
the payophydit dieetibigand and a count er wei ght bi asi ng nmechani sm adapted to bi as
said latch head against the chain., 2. The fairlead of claim1l, wherein the
chain | atch as&€esHBiejvsigltbiasing Aadapted i iassaid fatgh head againstthe chpin. hei ng

mounted for rotation on the sheave axle. 3. The fairlead of claim1, further

conpri si n% a pivot point on the fairlead frame by
. The fairlead of claim 1, wherein the chain latch assembly pivotally depends from the

fairlead frame by being mounted for rotation on the sheave axle.

3. The fairlead of claim 1, further comprising a pivot point on the fairlead frame by
which the chain latch assembly pivotally depends from the fairlead frame.

4,  The fairlead of claim 1, further comprising a disengagement mechanism adapted to

. counteract the biasing mechanism and cause the latch head to move away from the chain.

5. The fairlead of claim 4 ;wherein the disengagement mechanism is a tag line operably

connected on a first end to a winch and on a second end to the chain latch assembly.

6. A fairlead for guiding and securing an anchor chain between an offshore structure and
an anchor, the fairlead comprising:
a fairlead frame pivotally coupled to the offshore structure about a generally vertical axis

and comprising a generally horizontal axis; and
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whi ch the chain latch assenbly pivotally depends fromthe fairlead frame. 4.
The fairlead of claim1, further conprising a di sengagenent nechani sm
adapted to counteract the biasing mechani smand cause the latch head to
nove away fromthe chain. 5 . The fairlead of claim4 ,wherein the

di sengagenent nechanismis a tag |line operably connected on a first end to
a w nch and on a second end to the chain latch assenbly. 6 . Afairlead for
gui ding and securing an anchor chain between an offshore structure and an
anchor, the fairlead conprising: a fairlead frane pivotally coupled to the
of f shore structapietiapbitdh cheBBROADIEYto\IRS tirlead frand snd adkpledtd PRt sHofikaRl
general ly horizontal axis;. and 17 a pjvoting |latch operably coupled to the
fairlead f %ﬂtﬁﬁalsaﬁﬁgﬁl Qfing dateh GABPTising A chaimlateh apdha sousierueighifprargingthy

pi voting | afafiatcRR dnghgtehent F1IRINE chadh, Giid 3Rn Btch @ ' Qbig the
chain latch into engé%é%g%t_mﬁth t he chain, sgid&@%%%%ﬁ?gﬁ%ﬁég%ﬁ%%gﬁ?gd to
engage t heWbedhechaiaig rayglingin thepayeu direstiont r avel i ng i n the payout direction.
7 . The fairlead of claim6 wherein the fairlead frame further conprises a
chain sheave rotatable about said horizontal axis. 8 . The fairlead of

cl ai m 6 whérei rTheffairlgadiof cleia6 §whengin the faitlead framerfurilseeonzpristrd chabivheare
operably c . -2l d frame and adapted to rotate about a second
general ly ﬁ%&#@%ﬁ%@fkgg§§%#&g§%ghe fairlead of claim6 wherein said chain

| at ch conprises a hook adapted to grasp a link of the chain. 10. The

fairl ead ofg cl a f.ur, [ .C .1 s tyat.or for. countering the
action of the a%h?&%{leeard \l/%\)/(gl'tjggﬁ'il 6an3‘3? %?aﬁ’se ?%rglgattaéa%g H%h‘r?r FORRRIS e} %a’%\fbe Yay from

t he chai n. opetably cbhpled @ithd¢ fairtbad framt andadiftedioaneicnbaniadecand gaietilly bofigphtases a
tag line operably coupled to a winch on a first end and operably coupled to
t he counte ight on a second end. 12. A fairlead for guiding and securing
an anchor chain between an offshore structure and an anchor, the fairlead
comprising, a f gl L eaaa bt ATE Bl ohoreh dald choin Iateh comprises 3 ook sqaptcd to sraspa - <

link of the chain.

10. The fairlead of claim 6 ,further comprising an actuator for countering the action of the

counterweight and causil'lg'the chain latch to move away from the chain.

11. The fairlead of claim 10 ,wherein said actuator comprises a tag line operably coupled to

a winch on a first end and operably coupled to the counterweight on a second end.

12. A fairlead for guiding and securing an anchor chain between an offshore structure and
an anchor, the fairlead comprising:

a fairlead frame pivotally mounted to the offshore structure, wherein said fairlead frame
supports an axle for rotatably supporting a chain sheave; and

a pivoting latch mounted and supported on the fairlead frame to pivot in a plane generally
perpendicular to the axle supporting the chain sheave, said pivoting latch comprising a chain

latch and a counterweight for urging the chain latch into engagement with the chain.

13, The fairlead of claim 12 ,wherein the pivoting latch is mounted and supported on the

same axle as the axle for rotatably supporting the chain sheave.
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supports an axle for rotatably supporting a chain sheave; and a pivoting

| at ch nounted and supported on the fairlead frame to pivot in a plane
generally perpendicular to the axle supporting the chain sheave, said
pivoting latch conmprising a chain latch and a counterweight for urging the
chain latch into engagenent with the chain. 13 . The fairlead of claim 12
wherein the pivoting latch is nounted and supported on the sane axle as the
axle for rotatably supporting the chain sheave. 18 14. The fairlead of claim
12 , further conprising an actuator adapted to counter the action of the
count erwei ght and cause the chain latch to nove away fromthe chain. 15 .
The fairlaad of TR firltad éf sMiRN1RI, Rurthércomfidiag A actudtor adapedltd BRmREMBaENe | it
the counterwei ght _&gai(pst gtE]avi Ly, FSG- The fai.rlead of claim12 further
conpri si ngNaCVBRENH sethie P feteh &9 move avay frem the ey chai n when engaged
by the chain latch. 17. The fairlead of claim16 wherein the pivoting |atch
further conprises a_ tension s'nk extending fromthe fairlead frame to the
chai n | at chd - arfde faead ghelam é’“ﬁ‘e@ﬂtﬁ? I e tap ling gptedito 1fkthel t ensi on | i nk.
18. The faiyuheRetigt a | Savliy. Wherein the strain gauge conprises at |east one
bolt, stud, or simlar device in which tension is neasured. 19. The
fairlead of claim12 wherein said fairlead frame conprises first and second
frame plajes bejypeR, Nt &Mﬁ%ﬁﬁéﬂ@%ﬁlﬁﬁéﬁhg lehsdr B Ah SR %é{ﬂ:@ﬁrir}]ﬁ‘ag- 20 . A
met hod for guiding and securi ng an anchor hain between &n of rshore

st ruct ur e ankbr chamwhercéngagedtbiyghengbaindaiclconpri si ng: provi ding a chai n sheave
rotatably nmounted on an axle supported by a fairlead frame pivotably
coupled to the offshore structure; in hauling the anchor chain about the
chai n shealie. soThéfirkead bbelaimhlai ,whereiapise pivoting atchcfiurtiva wbreprises £tensdion ek chai n

sheave such that .the wa anchor chain s |li.ne of actjan is essentially
t angent i al SX{E9ng &Fop ¢W%$g@8?°o&e P}F?é“al&tﬁg’i apd b’ﬁégﬂfgr, ls&ﬁlﬂmﬂ BYRG TG ER anchor
chai n wi t hsafd tedd@inninkat ch supported on the sheave axle, whereby the

18 .  The fairlead of claim 17 ,wherein the strain gauge comprises at least one bolt, stud, or

similar device in which tension is measured.

19. The fairlead of claim 12 wherein said fairlead frame comprises first and second frame

plates between which the sheave axle is rotatably supported.

20. A method for guiding and securing an anchor chain between an offshore structure and
an anchor, the method comprising:
providing a chain sheave rotatably mounted on an axle supported by a fairlead frame
pivotably coupled to the offshore structure;
in hauling the anchor chain about the chain sheave so the anchor chain wraps on the
circumference of the chain sheave such that the wrapped anchor chain’s line of action is
essentially tangential to the circumference of the chain sheave; and
engaging the anchor chain with a chain latch supported on the sheave axle, whereby the
tension force in the anchor chain below the chain latch and connected to the anchor is applied
through the chain latch to the sheave axle and changing the anchor chain’s line of action above

the latch so that it is no longer essentially tangential to the circumference of the chain sheave.
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tension force in the anchor chain below the chain [ atch and connected to the
anchor is applied through the chain latch to the sheave axl e and changi ng

t he anchor chain's |ine of action above the latch so that it is no |onger
essentially tangential to the circunference of the chain sheave. 19 21 . The
met hod of clainR0 ,further conprising biasing a the chain latch pivotally
agai nst the chain. 22 . The nmethod of claim 21 wherein the chain latch
pivotally depends fromthe axle. 23 . The nethod of clainRl ,further

conpri sing paying out the chain when the chain latch is biased against the
chain. 24. The nethod of claim 23 further conprising changi ng the anchor
chain's line of action upon transferring chain tension forces fromthe
sheave to2the Thamethbdidftdlaim2 ., fufthe comphank lsifsing cthérchizéh latsh pivetally bnschai n
tension forces.are transferred into the axle fromthe chain latch after it
engages t heé® n. 26 . Afairlead for guiding and securing a chain used for
nooring an offshore structure, the fairlead conprising: a fairlead frane
pivotally nmounted to the offshore structure; a first structure coupled to
the fairle¥d frahemsthed afrdgimed - vherei theehain latchpivatally depends Fpmythaxie hai n, when
the chain is being paid out or in-hauled, to bend about, and be generally
tangential wth, a radius having a center point; and a second structure
coupl ed t 02x he Thgmptbadiof daima! afvhersampating Rayinggutibe ghnin whindhe phaidaghis  and
change theyhd Mg st @ELAMAN tO one that is generally inline with the center
point, with a tension force fromthe chain carried in the second structure
so that the nooring force in the chain is applied to the center point. 27 .
The fairlead of i £ Lt 1.5, Ng an apparatus adapted to bias a
portion of4'thghgg%gﬁg%g??%g?d?g&gé%?ﬁ@?ﬁ%he chain. 20 28 . The fairlead of
cl ai m 27 ' chiaeging the arvbondain’ sdine of adtior up@ciomsfesing dodiniteasiors forcka fibmdhe shevat ch

to the chain latch.

25 . Themethod of claim'2i4‘ ,wherein the chain tension.forces are transferred into the axle

from the chain latch after it engages the chain.

26 . A fairlead for guiding and securing a chain used for mooring an offshore structure, the
fairlead comprising;:

a fairlead frame pivotally mounted to the offshore structure;

a first structure coupled to the fairlead frame and adapted to cause a line of action of the
chain, when the chain is being paid out or in-hauled, to bend about, and be generally tangential
with, a radius having a center point; and

a second structure coupled to the fairlead frame and adapted to engage and hold the chain
and change the line of action to one that is generally inline with the center point, with a tension

force from the chain carried in the second structure so that the mooring force in the chain is

, applied to the center point.

27 .  The fairlead of claim 26 ,further comprising an apparatus adapted to bias a portion of
the second structure against the chain.
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t he chain when the chain is being paid out. 29. The fairlead of claim 26
wherein the second structure is pivotable about the center point. 30 . A
fairlead for guiding and securing a chain used for nooring an offshore
structure, the fairlead conprising: a fairlead franme pivotally nmounted to
the offshore structure; first neans for causing the chain, when the chain is
being paid out or in-hauled, to bend about, and follow a circunference
defined by a radius having a center point, wherein said first neans is
coupled to the fairlead frane; and second nmeans for engagi ng and hol di ng the
chain 10 bl easge in{ai QL fahiE2 It &€ FHG6h of thOREARAHEAHS [ habBFISGEAN
means to carry fromthe center point a tension force iIn |ine h the line
of act i ontheghain when the dagthistbhiag phidiont. t oward t he anchor. 31 . The fairl ead of
clainB0 , further conprising nmeans for biasing a portion of the second

means agai nst the chain. 32 . The fairlead of claim31 wherein the portion
of the segond rihafiari¢ad of clama?fs . wherein thesechndyrutthe icpisotablehsmut theeertdrai n i S

bei ng paiﬁjgut. 33 . Afairlead for guiding and securing a chain used for
nooring a B%fshore structure, the fairlead conprising: a fairlead frame
pivotally mounted to the offshore structure; a first structure coupled to

the fairlead fr and adapted.to cause,.the _chain, wh the chain is being
o ot 86§ nnERTIeRt for g isaad 55408 < Sirip 8 GEREPIIa P SBNIEARERS bR ¢ b a
beari ng sfiideadcodgdsinged by a radius having a center point; and a second

structure pivotally depending fromthe fajirlead frane, adapted to engage and
secure the chatiirleadampepivaigilymewtedte thenifshara gryshire t ensi on force in the

chai n, whereingthe . st.ruc i s adapted t arry the tension
AT e S SRS b G g SaBOPRA Gl P i

force in_the chain an
essent i al kjout, ang éilbwal citcomfelrmcdrdedimecpy & tadfuabevinga bamtegesiat avhérginisaitifime Wi t h

the cent Clnead®! &ﬁlpled to the fairlead frame; and
second means for engaging and holding the chain to release it from the circumference,
thereby causing the second means to carry from the center point a tension force in line with the

line of action running through the chain toward the anchor.

31.  The fairlead of clainx30 ,further comprising means for biasing a portion of the second

means against the chain.

32.  The fairlead of claim 31 ,wherein the portion of the second means is a means for

catching the chain when the chain is being paid out.

33 . A fairlead for guiding and securing a chain used for mooring an offshore structure, the
fairlead comprising:

a fairlead frame pivotaily mounted to the offshore structure;

a first structure coupled to the fairlead frame and adapted to cause . ‘the
chain, when the chain is being paid out or in-hauled, to bend about, and be generally tangential
with, a bearing surface defined by a radius having a center point; and

a second structure pivotally depending from the fairlead frame, adapted to engage and

secure the chain, and having a sensor for reading a tension force in the chain, wherein the second
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34 . The fairlead of clainB3 wherein the first structure is a wldcat
nmounted for rotation on an axle supported by the fairlead frame, the axle
bei ng centered on the center point. 35 . The fairlead of clainB4 ,wherein

t he second structure is pivotally nounted on the axle. 36 . The fairlead of
cl ai nB3 wherein the sensor is a strain gage equi pped bolt having a '
| ongitudinal axis that is generally parallel to a |longitudinal axis of the
second structure. 37 , The fairlead of claim 33 wherein the sensor is a
strain gage equi pped |load pin having a longitudinal axis that is generally

per pendi cular to a |ongitudi nal axis of the second structur$. 22
structure is adapted to carry the tension force in the chain and change the line of action of the

chain from essentially tangential to the bearing surface to be generally inline with the center

point.

34 . The fairlead of claim 33 , wherein the first structure is a wildcat mounted for rotation on

an axle supported by the fairlead frame, the axle being centered on the center point.
35 . The fairlead of claim34 ,wherein the second structure is pivotally mounted on the axle.

36 . The fairlead of claim33 ,wherein the sensor is a strain gage equipped bolt having a

longitudinal axis that is generally parallel to a longitudinal axis of the second structure.

37 . The fairlead of claim 33 ,wherein the sensor is a strain gage equipped load pin having a

longitudinal axis that is generally perpendicular to a longitudinal axis of the second structure.
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