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located on the laying ship. The laying ship and the supply ship are equipped with

means for storing flexible conduits. The laying ship comprises dynamic positioning

25 means, a storage reel of flexible tubular conduit, and a tower positioned above a
moon pool and having i.a. a radius controller and tensioners. The radius controller
(guide means) comprises a chute making it possible for flexible tubular conduit to
take a vertical path in the tower, towards the tensioners. The tensioners are placed
below the chute, for example two tensioners are mounted on the tower of

30 approximately parallelepipedic rectangular shape, in series. The tensioners are
placed vertically “downstream” from the chute and “upstream” of a work table. The
tensioners support the weight of flexible tubular conduit as it is suspended between
the ship and the ocean floor. The tensioners comprise a plurality of tracks
(caterpillar tracks), which exert a tightening force on the tubular conduit. The

35 simultaneous advance of the tensioners tracks exert a tightening force on the tubular
conduit, making possible the lowering of the tubular conduit to the seabed.
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In one embodiment, the apparatus further comprises second tensioner means for the

25 elongate article to be spooled off of the cylindrical body, arranged on the vessel
proximate to the spooling-off region. The second tensioner means may be movable
in the cylindrical body axial direction.

The contacting surface may comprise a friction-enhancing material. In one
embodiment, the axis of rotation of the cylindrical body is substantially horizontal.

30 In one embodiment, a guiding apparatus is arranged on the vessel proximate to at
least a part of the contacting surface, arranged and configured for controlling the
movement of the elongate article between the spooling-on region and the spooling-
off region in a cylindrical body axial direction.

The guiding apparatus may comprise individual guiding means for each turn of the
35 elongate article around the contacting surface.
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2 elongate article.

In one embodiment, a plurality of support elements are interconnected to form an
endless belt which is wrapped a number of turns around the cylindrical body.
Preferably, the apparatus further comprises first and second guide funnels for the
endless belt, said guide funnels being arranged proximate to the cylindrical body

30 and an axial distance apart, whereby the endless belt temporarily is lifted off
cylindrical body and moved in the cylindrical body axial direction before it is re-
attached to the cylindrical body.

In one embodiment the apparatus comprises a plurality of support elements
configured for arrangement on the surface and for providing support for the

35 elongate article. The support elements are connected in an end-to-end relationship
to form an endless belt wrapped a plurality of turns around the cylindrical body, and
the apparatus further comprises a take-off section where a portion of the belt.is.
temporarily lifted off the surface by means of a guide structure, shifted in an axial
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tenporary renoval of the belt off of the cylindrical boy at a take-off
section. Inone embodiment, the vessel comprises an alignment-and-radiiis-control unit

20 arranged proximate to a first tensioner.

The vessel advantageously comprises a storage area for a plurality of storage spools
for portions of the elongate article, upstream of the spooling-on region.

It is also provided a method of laying an elongate article from a vessel, comprising
the steps of:

25 a) arranging a section of the elongate article around a cylindrical body rotatably
supported on the vessel,;
b) feeding a first portion of the elongate article into a body of water below the
vessel and suspending said first portion by the cylindrical body; and
c) rotating the cylindrical body so as to lower the elongate article into the

30 water.

In one embodiment, step a comprises the winding of the elongate article a number
of turns around a cylindrical contacting surface on the cylindrical body.

In one embodiment of the method, the elongate article is spooled off of one of a
plurality of storage spools on a deck area on the vessel and onto the cylindrical
35 . body, without intermediate storage.
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Brief description of the drawings

20 These and other characteristics of the invention will be clear from the following
description of a preferential form of embodiment, given as a non-restrictive
example, with reference to the attached drawings wherein:

Figures 1 and 2 are a side view and a plan view, respectively, of an
embodiment of the installation ship according to the invention;

25 Figures 3 and 4 are perspective views of an embodiment of the cylinder
according to the invention;

Figure 5 is a front view of the embodiment of the cylinder illustrated in
figures 3 and 4;

Figure 6 is a perspective view of an embodiment of the cylinder support
30 structure and the guiding unit according to the invention;

Figure 7 is a perspective view of the guiding unit according to the invention;

Figures 8 and 9 are a perspective view and a plan view, respectively of a
portion of the guiding unit illustrated in figure 7;



SFigures 13 and 14 are a perspective view and a plan view, respectively of
an alternative enbodi nent of the guiding unit; Figure 15 is a perspective
vi ew of yWwO 2areat4lzp enbodi nent of the guiding unit. PCT/NO2011/6D2$0r € 16
is a perspective view of the cylinder according to the invention,

10i l lustrating traction-enhancing ri dge§ arranged on the contacting
surface; Figure 17 is a sketch of a part of the contacting surface, having

a nunber of ridEeSre 10isa %ﬁhg)lﬂé\?%f%Q eﬁ{%dﬂgexgro?tﬂé ! %&k%u { h&Sure

i ndi cating pe ve orl t1ons ges on nder; 15Fi gure
20 is a fr%fhf?’\‘? gé‘\'/é18$ “PH@CEV%f%@r e”i"fel‘j%‘f)Patl ng anot her enbodi ment for
gui di ng of the eI ongate article; gure 21 is a schematic _side view
of a portion of FiBHESCH 4I}¢db%awwsw§twmver§( aRd adplan,viewg tgspeetpvely of an
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Figure 24 "B" in figure 23; Fi gure 25
is a view %1?%8‘ 1&3 %I%(?(ﬁg}e ul%glgél?lﬂbut al so showi ng the el ongate
article onthe I|n a d v ort "C' in
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cradl es an’érllt:orrespondl ng guiding structures, in a configurati on conpar abl e
with the one shown in figure 23, but not shoy\n ng the cylinder and ancillary
equi pnent ; Figireglt & 2Berspeddivsiview vif dhve oflinder acavndidigrie the inviengom,at ed i n

figurg 27; 111%9&191% Badtor-SnifhnR B %ﬁ)&géslayl%ngé&wh@ie sMadtiiganeroaect ed cradl es;
Fi gures 30a - are perspectlve views of cradles of various shapes; WO

2012/ 044179PCT/ iNR Q114 QODABRH of a ;e)art o'f'tl%u&ﬁﬁaéﬂl% subtate, M8 iEE RRRGLE ¥£ Vi ew,

side view acrlld top view, respectiv of the guidi ng structures;

Figures 18 and 19 are principle sketches indicating respective orientations of
the ridges on the cylinder;

15 Figure 20 is a front view of the cylinder, illustrating another embodiment for
guiding of the elongate article;

Figure 21 is a schematic side view of a portion of the cylinder which is
illustrated in figure 20, illustrating cradle receptacles;

Figure 22 is a figure similar to figure 21, with cradles installed;

20 Figure 23 is a perspective view of the embodiment illustrated in figures 20
and 21, with the cradles installed;

Figure 24 is an enlarged view of portion “B” in figure 23;

Figure 25 is a view similar to that of figure 23, but also showing the elongate
article on the cylinder;

25 Figure 26 is an enlarged view of portion “C” in figure 25;

Figure 27 is a perspective view of an endless belt of cradles and
corresponding guiding structures, in a configuration comparable with the one shown
in figure 23, but not showing the cylinder and ancillary equipment;

Figure 28 is a side view of the embodiment illustrated in figure 27;
30 Figure 29 is a perspective view of two interconnected cradles;

Figures 30a — 30d are perspective views of cradles of various shapes;



Figure 32 is a perspective view of another enbodi nent of the cradle on a

reel; S5Figure 33 is a close-up view of the cradle illustrated in figure 32;
Fi gure 34wo0e/diegr anmat i ¢ sectional view il lustrati ngpPcamnNorosi/doesser s
within ariser, and the riser in a cradle; Figure 35a, b, c are

perspective, bottomand front view, resﬁ%ctlvely, of an enbodi nent of the
cradle, where figures 35a and 35b are partly transparten in order 10to

i [1ustrate int eﬁ@k NSl A0GALLABUEDY, LuDSRew EROYIP 3R LBeAstap, v oW

of yet an ephodi & 16 an el ar gene

section naPkdy £ weding SUPEREFe 38; Figure 35f is an enlar gerrent of the
section marked "K" in figure 35e; gure 359 is a schematic
sketch of a conKie¢ é%l%@ﬁﬁﬁsgmtmq‘dﬁWquranaﬂmPmb@ﬂmlgérogcﬂhee@qadle ona Fjgure
36 is a pere&fpective view of the cylindrical body, or reel, supporting the
pi pe via an enbodinent of the belt of cradles; Figure 37 is a perspective

view of the sanmpjpbaginEolosssip Newid@h&cBble illustrated in figufd gpires 38 and 39
are different perspective views of the belt of cradles as 20shown in figure

36; Fi gure 40 i piArd 9@1§’é@i’¥g9§mﬁ1ﬁﬁc%9&fdn9}’(/ﬁw HﬁsﬁQ@ﬂ‘é‘véﬁon‘ 19y 8 vigfnand
39; gure IS a.sectl view of the reel and belt of cradles as

i |1 ust rat et PR APY s g g 8 42 is an enlargement of the area marked

"D'" in figure 41; 25Figures 43 and 44 are side and top views, respectively,
of an installat Fk&ﬁlr@/ééasga P P?’isﬁectblvﬁoSﬂ‘é‘?mear’?ﬂ(f&‘?fﬁé’h?wﬂesﬁeﬁéw?méﬁ?ﬂon;
Fi gure 45 embadipemspédte aredle] ehvert figires 3pmond Afb ar sptpltiangparich inegdans

associ @t ediifbirbRenRIRALLARAL o8l sty gpklon shown in figures 43 and 44;

Figure 46 1's a schematic top view of configuration of the enbodi nent

30i [ lustrated i Plgfu'rfgg'g(?% l?bp Vléél of%}%gaﬁ:'e ﬂnﬂgnt osftfile §I%Qf'erratl ¢ side view of

yet a configurati

Figure 35e is an enlargement of the section marked “E” in figure 38;
Figure 35f is an enlargement of the section marked “K” in figure 35e;

Figure 35g is a schematic sketch of a connection configuration for a belt of
15 cradles;

Figure 36 is a perspective view of the cylindrical body, or reel, supporting
the pipe via an embodiment of the belt of cradles;

Figure 37 is a perspective view of the same embodiment as in figure 36;

Figures 38 and 39 are different perspective views of the belt of cradles as
20 shown in figure 36;

Figure 40 is a top view of the configuration shown in figures 38 and 39;

Figure 41 is a sectional view of the reel and belt of cradles as illustrated in
figure 37,

Figure 42 is an enlargement of the area marked “D” in figure 41;

25 Figures 43 and 44 are side and top views, respectively, of an installation
vessel carrying another embodiment of the invention;

Figure 45 is a perspective view of the spooling-on/spooling-off regions
associated with the embodiment of the invention shown in figures 43 and 44;

Figure 46 is a schematic top view of a configuration of the embodiment
30 illustrated in figures 43 — 45; and

Figure 47 is a schematic side view of yet a configuration.
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enbodi nent The skilled person will know the distinction between flexible

pi pes andwoixgixb4pizpes. Wil e flexible pipes have a rel aPCTaNOzos®OI80 M Ni mum
bend radi us without plastic deformation (e.g. of the order of a few
meters), rigid pipes have a m ni mum bend 5radi us wi thout plastic
deformation which is relatively large (e.g. of the order of several tens of
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the water depth), e’g. on the order of 300 to 500 metric tonnes. A cyI i nder
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st ar boar d whisblargknpwnfiethd art.o a al i gnnent - and- r adi us- cont r ol un|t 8,
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wat er . Theondenpf 3@ht ofemende tonset-he forward tensioner 21 are of 35a type
commonly known in the art. Although the rear tensioner 20 is illustrated in
a rel ati veAyytindse(heraxaftdrtajsa rsfernel ©ydsi awbel) 100is rotatabihp stpbdstedunder st ood
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25 to 30 metres, or more. Reference number 30 indicates a guiding un1t which is
described below.

The flexible pipe 6 is in the illustrated embodiment stored on a number of spools 7
which are placed on the ship’s lower deck 4. In figures 1 and 2, the flexible pipe on
a forward starboard spool 7a is fed into a alignment-and—radius-control unit 8,

30 passes through a rear tensioner 20 before it enters the cylinder 10 in a spooling-on
region P on the cylinder. The flexible pipe 6 is in the illustrated embodiment wound
three turns around the cylinder before it leaves the cylinder at a spooling-off region
U and then exits the ship via an optional forward tensioner 21, through the moon
pool 5 and into the water. The rear tensioner 20 and the forward tensioner 21 are of

35 a type commonly known in the art. Although the rear tensioner 20 is illustrated in a
relatively close proximity to the cylinder 10, it should be understood that the rear
tensioner could be placed farther aft on the vessel, closer to the storage spools. It is
also conceivable to have more multiple tensioners, one in front of each row of



9 storage spools. The optional forward tensioner 21 is displaceable
sideways (i.e. in the cylinder axial direction) in order for it to be
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hydraul i c {g)servmrs and |ines, which are required for t e operation of t he

appar at us, & il arl y well knovvn and t her efore not illustrated and
di scussed er.e. Refe nce §u41b c{ t% ates | adder 1%51?
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contactl ngdﬁEﬁJs@ﬁ Befd (An alternative embodiment (see e.g. figure 36, to be discussed
later) of the cylinder is a so-called “dolly-based” reel, in which the reel is not
30 supported by a central axle, but via a plurality of rollers along the cylinder rim. The
cylinder’s rotation would in such case be controlled by a rack-and-pinion type
gear.)
Control lines, hydraulic reservoirs and lines, which are required for the operation of
the apparatus, as similarly well known and therefore not illustrated and discussed
35 here. Reference number 16 indicates ladders, walkways and access platforms.

The width g in the cylinder’s axial direction is greater than the diameter d of the
flexible pipe 6 multiplied by the number of complete turns of flexible pipe and
allowing for the flexible pipe entering and exiting the cylinder. For example, in the
embodiment shown in figure 5, the width a is greater than four times the diameter d



The portion 6a of the flexible pipe which extends into the water is thus in
this enbodi nent suspended to a |l arge extent by the cylinder 10, by the
friction wetzeeemstivhe flexible pipe surface and the cyl ipodevo2etiewnsact i ng
surface 18, which advantageously is covered by a nmaterial and/or structures
that enhances tangential friction but nb? axial (sideways) friction. The
nunmber of turns (w ndings) of flexible pipe required is determ ned by e.g.
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The vanes s and to wi.thin a I nder
contacti ng E’E} %@@ei@ﬂgﬁ AN HERMES éecwafiaﬂwec ler gpd { OPﬁlét%}/eof t he

forward tensioner 21. The optional forward tensioner 21 may be useful in this initial
stage of the laying process in applying a pre-tension in the part of the flexible pipe

30 coming off the cylinder until that part (i.e. the suspended part 6a) is sufficiently
long (and heavy) to provide sufficient tension onto the cylinder. A similar pre-
tension may, however, in this initial stage be provided by a clump weight (not
shown) attached to the flexible pipe free end.

In order to control that portion of the flexible pipe 6 which at any given moment is

35 on the cylinder 10, the invention provides a guiding unit 30 which in the illustrated
embodiment is arranged on the cylinder support structure 12, underneath the
cylinder 10 (see figures 2 — 5). This guiding unit will now be described in more
detail, particularly with reference to figures 6 — 10.



5 cylinder 10. Adjacent vanes 32 define between them a channel 33 and the
vanes are arranged with a di stance between them such that each channel is
suf fi ci enwbyowdel7bor accomodati ng one fl exi bl e pi pe dipametozoiidoimsee
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on the con&lgcﬁ)lg rface fc1r.eat| ng an arra%/dgjI .S c.cess%ve. i dges and
val | eys, atal Thsy Tedhlp s (agiy Bekich P @a R eanchioitts) FrBoTdeside Yarmdt ey
def or mat i oeylindet he fentash reeelttien of thehaylindexi bl e pipe; this is indicated
schematically in figure 17. The ridges 19 are shaped so as to only provide
WO 2012/ 04Mxl7 piactis NGpPlit4tda) 28O diding wrenPpo camprietsastd dmdlef erodmlés@0’i n t he
out erysmant dd@)rrg J I 3 f the
pi pe.zsl n odr?ge gg{rllﬁsgﬁé%t %_fg,nH g‘t;vahﬂg t?)i %g%:?%ggﬁ ;{E)eb% a@?%ﬁ@éﬁg%g?g aﬁ%{lﬁ@vie?h t he
cyl i nder asgderneagh an alreggyjnsialied e I18: Referring to figure 19, the
ridges 19 nmay also be arranged 5with skewed angle 13 with respect to the
cyl i nder akigyres|l angj & ﬂQ{SEr te @eHter gotbediment af fac guidineyl.aViStE @ pref erabl y
such that glachity ioflgelle9 354s eraegrddsbtweerpadjdeantivandsy sparning the dhahdélag3vane
32, in ordefe NEkibiCpipBE S IRE forMddhtd fhleThlAfk1 38 Jnﬁeeé%etaggg@gﬁrﬁﬁfé ngiion is

i ncreased. Fi re il]ustrates thi rinciple, an Ws one
86 et e sohisch A auace R EgE R By Srofr D I ARLRE Ahiddog) ar ¢
al so flexible pipe is thus lifted off from the contacting surface when it is being shifted

sideways, and is subjected to very little friction in that operation.

Referring now to figures 16 — 19, the cylinder’s traction properties may be
enhanced by the addition of a plurality of ridges 19 on the contacting surface 18.

35 The ridges are arranged at regular intervals on the contacting surface, creating an
array of successive ridges and valleys, and may comprise any suitable material to
provide a temporary deformation in the outer mantle of the flexible pipe; this is
indicated schematically in figure 17. The ridges 19 are shaped so as to only provide



l0exaggerated in figure 19 in order to illustrate the principle; in a
practical application, these angles are quite shallow The ridges are

att ached wo 2teat44t7hey are easily renovabl e, e.g. by neamsTofO200l/d08280r
simlar fasteners. Anot her enbodi ment of the apparatus according to
the invention will now be 15described w4h reference to figures 20 to 3ic.
As shown in figures 20 and 21, the contacting surface 18 conprises a nunber

of walls o L : 5 i r.adi a ' t he end
{1 anges. 14 goraty A& foGHHERGe b RidocERE B Blnde ERIRRD. Ve a0

r ecept acl e®aRe¢ of ARy OthGTBRM L PEICdUPS5. The cradl es 55 are configured for
supporting a respective 20portion of the flexible pipe (discussed bel ow).

Fi gure 22 Insong epiigmsatian, ﬂ@p%geénlﬁaam@rraagedmwaﬂﬁlamtgéh%sylmd@r axisavged in

r eSEeCt [ \dlleagsimmi@cﬂi@&ealstb&irﬂgg tafigeory) elid Adges B0 manatotbonraigdent s 56.
Eac a - ' : | ' ] et 52.
e 39 G B0 e LR 0 hetlha PR IR IR LR EE?,

P, a . . ,
the 25af or bgekeVSREl § p%@ﬁgqralﬂwuﬁh that spe ridgh hd & Poented BRRRRAICBEI, form
an endl esswithlthe ghididg vanevid2g ppertea notitthmcreake tadizlsfriztionas thehanggntiabder .

Thus, in th tﬂ‘o&lqg';?neisearlr@g?@igaﬁ.hééa@ersehie!ﬁﬁlgggﬁ,% theds 6RS ABNsREE

(side-by-si.ge the axial “direc 1h recept e 54 for the
maj ority of $eh£&€ PRBEH grﬁacﬂ?fg &{%@WIW§E§1}? qngl @é@’é‘ﬁﬁé&? 8lsot he cradl es
are aldut t i expgggatatsin feaurh 16tiherddrrio ilestraté the ptinceple] ong praticalr e 30abutti ng

agai nst t hg, JIrhiibh, tBB& alesdGuitt BBalRAVL i tions prevent the cradles from
nmoving in the tangential direction. In the cylinder |ower portion, where

the belt igpdiif @sdal‘@fafttaEllIlzfc‘i SYibNaRY awe&mgeremfoga@l% 1§.§§5 b3 Bfahd Br boies 81 al

direction), each receptacle 54 conprises three crad si de- by- si de.

Fi gur es ZSSIHH@I '8 how the flexible pipe 6 is arranged around the
cylinder 10 35and supported by the cradles 55. The part of the flexible
pi pe 6 whi ARothsr embBpdmey Ogylet%@a&%ﬁw ﬁ‘if@i“ipg te MY Bt VY NeYAS cal |y by
t he cisadl edescibelewathsrefdremce torfigues 2kt@Bldi rection) friction is
accommodat ed by the cradles and the flexible pipe is not twisted as it is
moved in tAeshowalin dighestiocahddl, thecaythdtiigedurfac¥D8 comprises a number of

2012/ 04417&5@ LNRLHL9992 e&d?iﬂgirﬂgél‘i’fa&cpé‘xiall %Qﬁ&%"i’h@%%h ﬁ%&f pfll es’
pi pe-supporfing fegiaon jay fe shaped to s%t the diameter an é_xterlor
surface of 'heBariions e4nhes daling eamepastnynts T avhiehhserse apcepiagles gt on
pr ef er abl yindovipualsesdleot5.(hat ¢radies 63 are carfiared fon suppontmgta @speaive

(i rond) onaP AR The NEEISHPE (E8ETbLIOR, DI PBBS o JQRIBEEL ! O 1o of1 =
100t w PRI OTIIE DO BRAAIED 5 AL Seilgsidfl TessE T repefles A8 BRiHe
di mensi onsintdrponrestasitio gomesetiogredements 56 Gaghecradlg, is chefiguradisaclke trapiti ses an

insert porifiRfafaindnfe padRhes262. The part of the cradle which is
supported by the cylinder surface (underside of insert, cradle and/or

socket) prefgrab InGoaR Ay & pludhtifyr dGlrh®1Bs FRLEAS fifked together via the

25 aforementioned (preferably flexible) connection elements 56 to form an endless belt
which is wrapped a number of turns around the cylinder. Thus, in the figure, four
cradles 55 are placed next to one another (side-by-side in the axial direction) within
each receptacle 54 for the majority of the cylinder circumference. Within each
receptacle, the cradles are abutting against each other in the axial direction, and are

30 abutting against the partitions 52. Thus, the partitions prevent the cradles from
moving in the tangential direction. In the cylinder lower portion, where the belt is
lifted off the cylinder in order to be shifted (in the axial direction), each receptacle
54 comprises three cradles, side-by-side.

Figures 25 and 26 show how the flexible pipe 6 is arranged around the cylinder 10

35 and supported by the cradles 55. The part of the flexible pipe 6 which is supported
by the cylinder is thus supported statically by the cradles. Sideways (i.e. in the axial
direction) friction is accommodated by the cradles and the flexible pipe.isnot... ... .. ... .
twisted as it is moved in the axial direction on the cylinder.



10Fi gures 27 and 28 show how the endl ess belt 59 of cradles 55 is wapped a
nunber of tines around the cylinder (not shown in figure 27). In the | ower
region, twe2belw4B9 is lifted off of the cylinder and pasya2otwmozgh a
first gU|de funnel 57a, then conveyed di agonally underneath the guiding
unit 30" and into a second guide funnel 1837b before it re-enters the
cylinder on the opposite side fromwhere it mas lifted off. 15The gui de

funnel's 57p; b, af 0L 538 BEdy 40! e SHLCL 0L :FQn%g%S&bﬁJa?%eféth&?ﬁ) 23 and

25). Figure onnect i on
el enent s 55uikicHapetst apd sKiprigr sutfpespiibe aps l?a&& fleyibl %Plﬂ?Fi 5hs PipPhe pur pose
of the consgmiarting edgtorepteserablyt @nhprites cherugationssd loifn ardecdioamprogetrhetiorand

mai nt ai n agfé.ﬁ; ghfﬁét\)\;%ghrt @J:r%@lezﬁﬁiv‘(ﬁg ekfifte gﬁJet §e;de;1to‘?Q1rH$ﬁs1(§r{ thpe

cyI|n ures When t he
oLl o o Rl fsieael v pee de e o8 %05%& O.ﬁovi L on5o60 £k de: e
flexible pup@ntmtnm, dowsverp npehgiited to muﬂhém@mmmnehltﬂiorwéaloénamtsehoﬂngm es
gﬁa-eagﬁcsfh ﬁgéfﬂ@g&h&ﬂn@cﬁaledddﬁq%r%%btan?rﬁserppdmbh%@sanuvaos&uetd@%\e i %ffgdl gge
o8, ae" destiy aatamCEis bR by AP SRR R AR R hasthe Rl o ¢
shoul d be am@brsm&@ﬁIﬂhﬁmdﬂh@0@wmmt@dowa@wnnsm@adnﬁe pl aced manually into

the receptacles as the cylinder is turning, for exanple in the spooling-on
regi ot0 P, Fhaseplbend2dghowédosaline eadlmsobelt 68 of keadi¢seXd bl wrapppd aasndescr i bed

above. In bhtigesapsimdihen ﬁﬂ&er%@ﬁiﬁw rE lzefgqaceﬁé mger%gloheﬂie%w they

Porther amdad fiegd ?eﬁtﬁwﬁ%@ Ao et S sF B et sTa B “now be

descri bed wm\rrycéﬂeag@neléy vodérpeathdbe gpiding3grit 3¢ handhingo e spesidrgnde furel
cont act i ngsgpbeRzeith8 entds fm)@tlhldeaaﬂ toespIIat shkViBomastidre itORss Biedoscr i bed

aboveys A SRhLeS R uhBdl ¥yal. SAdlaso TR o AECHNl S0UEdSl R ARePPRR N0

respec%lve 0 I"exi bl'e pip i nt

elastic wi#e)-71, or simlar, thus form ng an endl ess belt which is w apped
a nunber of turns ar ound. the cylinder, simlar to the endl ess belt

conf i gur at Figwrd@dshowelow apdee>S AN PG LOMTES T IBPETIRCEon ¢le0BORBTS 14 A

riser is chélﬁﬂ)ﬂeYerblb!l)ﬂafre flexiMle (RAGE BT diMilaHC ThOPEsposk bh tHeadRhsciddn | ow
fricti On ' nlepn B‘Pée%go lm]‘( t%u? sérrggoc{ftc?'?ﬂeé P%tegle?gn&) }ﬁa%taﬁ'lhﬁl 'J:n{cil@% elf aﬁs

pulled o ers under nea
t he t%Q]Sl OWhIeH theykelf jsslafited off feaqa dle eylindes %srfl@sw 3b %’ﬁ Wigls referemee Hevar ds
the outl et figties 29 andgd)i Bihennhe enslécs. arb e plaee in thel iscavded agbprsidesr t he

I
Cur face. i n°SRAFRE dhe BER BRLRHER §riolendaR i Bl Wil B on ERRAR 1 57

sllppage i the riser. erring to

figure 34, t I r |ser
seoti on_ 820 Iy PE, PR BRI AD I ARk S O RS MReS B i il PHAETS

reduce theOF@PB@?@hﬁﬂépﬁ@%h Qhépéﬂﬁer5|de of the cradl e and the ree
surface, because of their 10exposure to contani nants, such as sand, etc.

Each 27 adl Aléeughkieesndlses belbp? of aradiesaic 68 dpseribstpbpye iapreferablmissm an
profile, ioferatiaNili®i@ ofaliewyit8Boild Heaindestoddat iHdgesdl8¢mayhihebad Ber eases

the 1116t i BLARARUERTRRD Gk IReAabts hOGR: Wil Ismlihg HHELARRTRh he e
spooling-on region P, thus providing the same support to the flexible pipe as

described above. In this case, when the cradles reach the spooling-off region U, they
30 will fall out of the receptacle and may be collected for re-use.

A further embodiment of the apparatus according to the invention will now be
described with reference to figures 32 — 35c.

In this embodiment, the contacting surface 18’ is smooth, and does not have
partitions as described above. A series of individual cradles 55° are configured for
35 supporting a respective portion of the flexible pipe 6 and are interconnected via
elastic wire 71, or similar, thus forming an endless belt which is wrapped a number
. of turns around the cylinder, similar to the endless belt configuration.described. .......... ..
above.



It is essential that the total friction force between cradle and reel
surface 18 is 15lower than the internal friction in the riser, including
t he extrawbana4dire to t he V- shape. The friction betweenTiINO20TW@OIse 55
and the contacting surface 18 (reel ﬁ?j can al so be nade extrenely | ow,
but does not need to be as low as the internals of the riser due to the
V-shape. The internal friction coefficient between the riser sections 81,

82 are depgnsients lc?a@1t F&ln%tcff%n@éxﬁﬁéué&mnlym&qbws of b m&mg oIh t
pressure rgduces ef rincj ple a
Phe fri ct.§%W@saf i P PEhs SR beE sitavet it SR RO LD o e
cradl e 55' reéamvetlmo &@ripadncmgmgdaym@niene@h Aldhe teabionds ﬂ@quﬁ%u ent
dependencemck*@a@edﬁ@ﬂlg £hei theyel b thiefpd toarens thef olenays chdigagoh lcdwuseat er nal

fricti d@gnt%iggo%%gfﬁ{eyrég £ tltmhép&‘r?? E?ﬁbl%'l@%h&é‘g%ﬁﬁ%ghgs sl ' de

250n the conFadtlng sur
slide wit hracbspriaetingsyfcedn Ordarto appiguntanashippaghivihgaiseibodi ment  of a
cradl e 55"having side panels 72a,b that are offset with respect to one
anot her, sBeferrihato figureohs feirten pefivesen 2RAnesttrésedseating §lagndhamseutenristie one
(x+) 1 ongi tdediiona why 86 k@ImaRdobh ®©mtheeth&itdadpanetiffiehlt extainds ti0t he

farthest i i cttn) l?eg&géﬁ t)h% LEI@G}SI&Q SF@% c?c{]dr%e XH& ?h &gy\/élﬁﬁjc%egecgﬁ@éjbfﬁ% dJ ows for

non- tmnstln above
The vHhes @@qsgeewecogﬂamin@mseewas sgn ateéﬁoﬁ%ctb Badlg Sondoes BgrdoBver in an
axi al di r egdvanmgeputlheonpeise ad" shlaped prufileduc davingi ctdlley &igiai bestvedrhe si de

of the cr af%&?ig &emewﬂﬁﬁ%:ﬁasteg t? er’ct%ggﬂ}c‘% cto‘PﬁlFsatred e fureRdemey id O

twisting is redficed b ting Uup an 35opposite torque. The
shape al so‘”é?%fﬁ PPZEe tPH' f the cradles 55" as they I|ink

toget her. The forenpst corner ma be rounded or equi Pped with.a roller
(not showndt.is mep@akt%weép%f%l betyisen geadds ged gl pwdacer Hligs.  wo
2012/ DAA17RIVET/tINGR thElih QR Bl cfidn m)th‘el riger aint lmdingsthe egtravfbiee duepb diiaVi-ty of

cradl es 55shq$ Tﬁg@ﬁa%rpget zéhféwe}amﬁ s q&i&%@é&um%%rfa%qu Lgrgenent

of the are ure e.cr connected in an
end-t o- end (ﬁncﬁ%%%g madf EXHERE yu'éh“h@“é&?]ewt @eﬁé%gﬁ%gﬁ’t' t he
recessed enﬂmﬁﬁkaﬁ%hhasadh&dmnhe6@@@#@, in a plug-and-socket

5configuration. This provides a stable connection for the cradles that are
connect ed The irdtesal &sdticancdefifiaienehdween @rdrigeelsatticansiii, B2 asndepingdent on

Lransygr sefy. c(o*?l't g@y ur%nngﬁafﬁein)gﬂfz%tsé"@ e@giré‘f@tgfc F‘ltﬁlcﬁt)ncradl es. The

connecti ng wres ween, t aStIChé have an

hriorss
el astic coﬁ‘?f‘ef@ﬂe&}ﬁ) i Bruet p’EIBCIqu {hﬁ rgliggcg ﬁtcbe Fﬁvb‘?ﬁnt ation
of the risé4 onibdhedakidstof the opdlke i’ engriké eontbttinganfaseti8d oatheowpbhas e ends

of thef Cragcﬁtﬁ@al'eﬂt @éﬁéﬁﬂeﬁ& H@ﬁ/d% fﬁﬁéwm%;@hle%@iﬁ’exﬁé}ﬁ dflaBh Béntlg’beﬂ;kle nexz |
pair of cradles,.s co el as ro ocate
Poxt to ¢ nitsal dernniietmoe SRR 17 chnif hnsShEP b PR ed Pig e
fi guraS 35bon krepantactiigrarfasails’ and thapthe rises seetiansckl, 82 algiwé shide avitind 55" b,
while a segppectRaione@hodlefsti c ropes 71b connect cradles 55"b

Figures 35a-c show an embodiment of a cradle 55”having side panels 72a,b that are
offset with respect to one another, such that the one side panel 72a extends the
farthest in the one (x") longitudinal direction and the other side panel 72b extends

30 the farthest in the opposite (x7) direction. This skew-shaped cradle allows for non-
twisting guiding by the vane 32, channel and rollers described above. The vanes 32
(see e.g. figures 7 — 9) tend to push the cradle over in an axial direction on the reel,
but also introduces friction against the side of the cradles, hence tending to give
them a twist. Such tendency to twisting is reduced by the skew shape, setting up an

35 opposite torque. The shape also stabilizes the movement of the cradles 55” as they
link together. The foremost corner 73 may be rounded or equipped with a roller (not
shown). Rollers may also be applied on the side of the cradles.

" Figure 35d shows a fiitther émibodiment of a cradle 55°” having sidé pariels 72¢,d”
that are symmetric in the longitudinal (x) direction. An advantage with this



15and 55"c. This connection principle is preferably used on all of the
cradl e enbodi nents 55', 55", 55". The principle is illustrated in the

sket ch i wbi2guwea439g, where reference nunber 55* denot egCa/NO2adl/@oisn
general . Each cradle has a first pair o{ internal bores 76a and a second
pair of internal bores 76b. Each of the bores has an open end and a cl osed
end. A spring 77 is connected to the cradle body at this 20cl osed end. The
c & ad| est ar eord fuaitgRfisi see@hena- ﬁl@raﬁw'of @ﬂa@llds%ihla@e sonefecidaals sBBGM ltﬁnds of
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wher eby t heeebebttween atlpicentbaiay fleeadiesit rol | ed. The pipe 6 is coiled a

plurality of turns around the reel, but is supported by a belt 87 of
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Su or stru 1] €J70
Foare 35 PUSAHRESY oS TR A o ¥B prifrof BAPISIT b PR tp SeprearE a6,
but in figwher Rramme BInhedShidsaokna qrw@e iegpndial Eapberadlehas@irstpabr der
; <r)r ; Inlg gg t (r) af ﬁxtﬁrgall bures Ned aglia é@ﬁmqﬁfmtsmeriaa?)ob@d 161 Madﬁm&eﬁh@s and
bear ai nﬁ% 8?% éﬂé élgﬁj%ed){ﬂﬁ& ﬁeﬁﬁ %? ?ﬁscé)%eké?ﬁg%g%g i atEfE?Wh ch are
wedge Gghap@eye ‘?intili‘écF%ﬁ pefredrEaeed gpan prdé-gad f%la%%sﬁllftﬁéc PEORSD gui des
in an axi aéndﬂ;ldfeﬂjacent cthdwafate dakk othar) and 4 héreot Ilagh issionaectEd hetveceh0 shows
this eﬂbodb Rhre sﬂg%%‘?ﬁ aé'e%ufgg The dex At Ub\«!ﬁtorf%} 180 thiie belt

¥ t

d 90a bl gfb t
jglcj): nte St er n‘iﬁ‘f{ﬁl‘ﬁ%éﬁd $6t1 ggsg 03 he iﬂfﬁiﬂg a‘hgelﬁ?ﬁ“}”{eﬁo hﬁd’f’légs Z}Ptlon&g?ean

alternati vmsﬂmopactsgi&maychqfdlfgamad betweies the tnadiesan edderlto absird impbodi nent ,

the reel 1Q.R88ctheen 1l aearksi n front of the nmoon-pool 5, such that the pi pe
6 is spooled onto the reel (P) on the sanme side as it is spooled off (U).

This set - upde §@ﬂylgwa€égtth$ E&mm%u Sl bf&%ﬁu&%ké‘iz %oiﬁr?‘@’s aké‘vfafl% , ﬁnt o

operator - located er at.or
e bophesa (et § gwaﬂf@%eﬁ&dttﬂéw@sﬁ? "l 86 g 1 Ted 1PoRbeRY e rea Syl | s
t he feedi ntathomomgh be lventroléd: driteadipe éns coihest a phurality crfhemslalromdduwdel
enmbodi ”EntbuttlE'@uﬂbd?&:d'bgy £bHelk 84 o‘i’Qrzﬁ‘il&OfFS’ZQﬂ’t -5° Stﬁr&%l&rd%o% and conveyed
to t reel 10 tV| ensi ,Fi re é sh ws confi quyation tvx/nere t he
o ne s votHRRORk By R P Shitats Ky a3 Tl SRV She PREIE o
where the ¢h.paddhé iorp@s@%gor@oeﬁatwitwhewuppaﬁdd by th@reel (or cylinder) as

described above.

The belt’s “take-off region”, i.e. where the belt of cradles is lifted off the reel at one
axial end and shifted over to the reel’s other axial end, is identified as “T” in the

35 figures. In the take-off region T, the belt is guided by structures 57¢,d (only
indicated, in dotted lines), e.g. similar to the guide funnels 57a,b described above.
These guide structures are not shown in figures 37 — 42.

Figure 37 is a view of the same embodiment as in figure 36, but from a different
perspective, and the support structure has been removed



20wr apped around the reel as described above. Wile these uses of the
invented device to a greater extent than the multiple-wap configuration
reli es orwoheilwmar®ard tensioners 20, it has the advant age/Nw20hizonn2sg t he
endl ess belt 87" wapped around the reel only once, thus obviating the need
for the devices for taking off and shifling the belt, as described above.
25Wi l e the invention has been described wth reference to a flexible pipe,
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5. The apparatus of claim4, wherein the guiding apparatus (30) conprises
25 While the invention has been described with reference to a flexible pipe, it shoul

be understood that the invention is equally applicable for use in handling other
flexible articles, such as mooring rope, wire and chains, cables, and rigid pipes.

Although the invention has been described in the context of deploying an elongate
article into the water, and the terms “spooling-on region” and “spooling-off region”

30 are used in the description, the skilled person will understand that the invention is
equally applicable for the operation of retrieving an elongate article, i.e. reversing
the rotation of the cylindrical element.

While the description refers to the flexible pipe being fed into the water through a
moon-pool 5, the inventions shall be equally applicable for vessel configurations
35 where the pipe is fed into the water over the side on the vessel, or it stern.



25i ndi vi dual guiding neans (32; 34; 35) for each turn of the elongate
article around the contacting surface. 6. The apparatus of claim4 or

cl ai m5, wbenem4t/be gui di ng nmeans are arranged non- par aCiraN02ei 1/de0z80
rotational plane of the cylindrical y7 and thus exhibits a pitch angle
(a) different from zero degrees. 307Th apparatus of any one of clains 4 -
6, the guiding nmeans conprising lifting neans (34) for lifting the portion
of the el qgghse article which is subjected to the guiding neans off from
the contacting surface, and subsequently allowi ng the elongate article to

resune cong act [ of the
pr ecedi ngnlcl ai n@ﬁ%&%ﬁ@%@gfn e aHﬁéﬁngC@eg efr&ﬂ%afg?tﬁ%f\gsse?g? el ongat e

article, eiildalfg? %rR?a‘i g(tjh‘i %8“%%3 i2ff
2012/ 0441%@P@¢$sumaiaﬁeﬂ2&bb&8 9 The apparatus of claim 8 wher ein the

H} ZCL ggtn r% NihdeRAPKd 1@ Potetadly Edi)p@heﬂ'oﬂgﬁ§vééls%) and ahﬁa?a?g)ar@hrganged on
acltl n er e 0 e outer
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the ri dgescyhindricalnwdapal further compnisiger soioding-Bugsime(Pappdespaslieg-odhy one

of cl ai ns rérfronq waeﬂlel dﬂoﬁé’ﬁ@e £@tl@ Ghi A ysinbfisglecondf)ing QUL €8; 4 8p) foral i ty

bo drec‘igg a4 §cé£o 4\)«1&? {ﬁ@&e %H%?twao%%&%ag?gf&r% dﬂﬁé‘alg}ﬁt bgbgéc 'Gf;'j: g
a pl dﬁ)ar i m}ueﬂl%eﬁwppﬂeq eﬁeﬁ&s gé’ﬁai e etheﬁ@attaétlag ﬁlrrércé( §ﬂ )The

appar at us Wfingaynfifieedfo as & mpi:ert thaéilralpmraorptdu)admd firsofersigmeonteadOel ement s
(55) are '@bfraqrr@%ﬁ)&lggte af?u&eré?r t%%?e?s% be ﬂr@g lin aﬁ@eg@af
0} aim

nunber of aroun ar at’us

11, furthdf)es rsr%frl%@a’ie?r(%} 0(ff§ Oaﬁaiesaéiiéﬁd (57b) gw THe funnel s for the
endl ess bel t (59), said guide funnel s being arranged Irgroxr mate to the
cylindrica bodl)heama@mufaszf a1y enesolihe Pregeding clapes duiphertomuies seoenflt

15t eryor artehyione thednisgd1)ofokr they tlongate adiclboatyaraed omtie dessel proximydeitodri cal

body axi aly,dig is re-attached to the cylindrical body. 13.
The appar&#g 5&?h§§§“2%%85?U2|auns 1 - 4, further conprising a plurality of

support el mnt@%%}ma&éofﬂgﬁom éah%tpqg&hrrpggagq?i UnALHIRIGENSs O Lhe

surface ( e ar 2014. The
appar at us r@fatrﬂnan 98}’ liggrigabp ﬂ YW@&%@?U@P@%@H@’S are connected in an

end-to-end relationship to forman endl ess belt (87) wapped around the
cylindrical- bodlhe apparatus of any one of the preceding claims, further comprising a

20 guiding apparatus (30; 30°; 88; 90a,b) arranged on the vessel proximate to at least a
part of the contacting surface, arranged and configured for controlling the
movement of the elongate article between the spooling-on region and the spooling-
off region in a cylindrical body axial direction.

5. The apparatus of claim 4, wherein the guiding apparatus (30) comprises
25 individual guiding means (32; 34; 35) for each turn of the elongate article around
the contacting surface.

6. The apparatus of claim 4 or claim 5, wherein the guiding means are arranged
non-parallel with a rotational plane of the cylindrical body and thus exhibits a pitch
angle (o) different from zero degrees.

30 7 The apparatus of any one of claims 4 - 6, the guiding means comprising
lifting means (34) for lifting the portion of the elongate article which is subjected to
the guiding means off from the contacting surface, and subsequently allowing the
elongate article to resume contact with the contacting surface.

8. The apparatus of any of the preceding claims, further comprising traction
35 means (19) for the elongate article, arranged at intervals around the cylindrical body

(10).



15. The apparatus of claim 14, further conprising a take-off section (T)
where a portion of the belt is tenporarily lifted off the surface by neans
of a gui dwoxbrumsrpe 25 (90a, b), shifted in an axial di PeTiNORoliofooishe
cylindrical body, and brought back to the surface; said guide structure
(90a, b) having a | ow profile, enabling l&rge objects to pass by. 16. The
apparatus of any one of clains 13 - 15, wherein each support el enent
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rotation ofompdsesya plueality af ressaiaclasiad Lyrangsd wamddg rircemferenes ﬁgtfhe
clorrpri si ngcdirsdrival body OI0)) egd mpepia):lear(d4)abapgobnﬁgﬂeﬂfforrlegéa@?bwU) for the
el ongate art . td : i nt i
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pluraldty elementy@earpgtireonqupcteddo fouy apgpdlsss pelyh2?)orhichds wranngdtee

article, upsthbesst taind dreusd el dybgdeivaliggiyon (P). 1021. A nmet hod of |aying an
el ongate article (6) froma vessel (2), conprising the steps of: a)

ar { atrlngrlg 2 sectTheappdratul f I HMIHL, Efuﬁl)iéﬂ% dﬂnggr?di@g.lﬂﬂs_t%’ﬁaﬂa&lﬂ@&&ﬁi (mgiyf ( lﬁ)
rotatanly gsu e n . 3 . t he
el ongat e ag'tl@g&éﬁfilegfgoré[hggla%ﬁ%%ﬁ%gsgﬁ ’ %é(?gvx; %gfl ﬁ%gl%/ie)glééﬁ%g%ggigﬁsoggﬁgﬁng
sai d fir sttqpdetaybadpgalihedy @pdiandgxia distpessansiy vderdydhe gadlesabelt )
rotating tenprhiidisilifald dfodylimdittadbpedpted ifowed émdiconydindsioakisodyoadiginer t he

el ongat e aﬁﬁ%ﬁ&‘%\,ﬁ’n }Cénitt @sg%ey\?ﬁagh%é%gm s areLhafdiyof claim 21, wherein step

a conprises ng ongate article one or nore turns around
a cylindri ??l CTHE %ﬁlgérggls%watl?l%ge (o}giangg 1 — 4, further comprising a plurality of

support elements (55°; 55”; 55°°°; 55*) configured for arrangement on the surface

(18) and for providing support for the elongate article.

20 14.  The apparatus of claim 13, wherein the support elements are connected in an
end-to-end relationship to form an endless belt (87) wrapped around the cylindrical
body,

15.  The apparatus of claim 14, further comprising a take-off section (T) where a
portion of the belt is temporarily lifted off the surface by means of a guide structure

25 (90a,b), shifted in an axial direction of the cylindrical body, and brought back to the
surface; said guide structure (90a,b) having a low profile, enabling large objects to
pass by.

16.  The apparatus of any one of claims 13 — 15, wherein each support element
comprises a v-shaped profile (83, 84) for supporting at least a part of the elongated
30 article.

17.  The apparatus of any one of the preceding claims, wherein the spooling-on
region (P) and the spooling-off region (U) are one the same side of the cylindrical
body’s (10) axis of rotation.

18. A vessel (2) for laying an elongate article (6), comprising a hull (3) and a
35 deck (4), and further characterized by
a cylindrical body (10) rotatably supported on the vessel and comprising driving



the cylindrical body. 23. The nethod of claim21 or claim22, wherein the
el ongate article is spooled off of one of a plurality of storage spools
(7a, 7b, Wb ore/m4teck area on the vessel and onto the cycirmb20tizdooisody,

wi t hout intermedi ate storage. 2524. The nethod of any one of clainms 21 - 23,
further conprising the use of a guidingl@pparatus (30) to effect a

control |l ed novenent of the portion of the elongate article which is wound
anto | ihgnc,%g (17085 240 BF Eortilling SAL FhullRYPEPAL gﬁh&qcm&dpeth%x' al
cyl i ndri ca$yl vahh¢®h(l@§ SREPrising ﬁépqcrms%res@éora( Mg otpoodingdths t he
30out er di pagedre(l)) fof thdﬁdoﬁgﬂagﬁﬁc&e aaridi £t Windrizal cdihtectingt dwothcof(18nfprone of

claims 21 gg%actm?%%%tgéﬁsﬁggbﬁﬁﬁln e Eeftﬁl%)a‘gfogru@fea@p es (55'; 55") is wound

a nunber o urns aroun e’ cy , pro 'di ng support for the
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section (T) 17

20.  The vessel of claim 19, further comprising a storage area for a plurality of
storage spools (7, 7a, 7b) for portions of the elongate article, upstream of the
spooling-on region (P).

10 21. A method of laying an elongate article (6) from a vessel (2), comprising the

steps of:

a) arranging a section of the elongate article around a cylindrical body (10)

rotatably supported on the vessel;

b) feeding a first portion (6a) of the elongate article into a body of water below
15 the vessel and suspending said first portion by the cylindrical body and a tensioner;

and

c) rotating the cylindrical body and operate the tensioner so as to lower the

elongate article into the water.

22.  The method of claim 21, wherein step a comprises the winding of the
20 elongate article one or more turns around a cylindrical contacting surface (18) on
the cylindrical body.

23.  The method of claim 21 or claim 22, wherein the elongate article is spooled
off of one of a plurality of storage spools (7a, 7b, 7) on a deck area on the vessel
and onto the cylindrical body, without intermediate storage.

25 24.  The method of any one of claims 21 — 23, further comprising the use of a
guiding apparatus (30) to effect a controlled movement of the portion of the
elongate article which is wound onto the contacting surface (18), said movement
being in the axial direction (A-A) of the cylinder and at increments per rotation of
the cylindrical body which corresponds to the transverse dimension, such as the

30 outer diameter, of the elongate article.

25.  The method of any one of claims 21 — 24, wherein an endless belt (59) of
cradles (55°; 55”) is wound a number of turns around the cylindrical body,
providing support for the elongate article.

26.  The method of claim 25, further comprising a temporary removal of the belt
35 off of the cylindrical body at a take-off section (T).



