1 Roller Assembly FIELD OF INVENTION 5 The present invention relates broadly to a roller
assembly for a turret, a turret bearing system for a turret, and a method of manufacture of a roller
assembly for a turret. 10 BACKGROUND In recent years, the use of floating facilities has become
prevalent in the offshore oil and gas industry for the extraction and production of oil and gas from
offshore fields. Floating facilities such as the floating, production, storage and 15 offloading (FPSO)
unit or the floating, storage and offloading (FSO) unit are typically floating platforms converted from oil
tankers or in some cases vessels or barges specifically designed and built for the purpose The growth
in interest of such floating facilities is due i tn F%\Sgs(%r% ipstallation, the minimal fixed infrastructure
required, flexibility in usage and most impor?an ly the ability to weathervane in response to the
prevailing weather conditions as compared to the fixed oil platforms or oil rigs. When these floating
facilities are moored in the open sea and exposed to prevailing weather conditions, their ability to
weathervane freely stems from the mooring system that they utilize. 250ne such mooring system is
the turret mbHridg SFstNVMENTION02009/031971 describes a turret mooring system where a turret in
the forrg of a vertical cylindrical shaft is fitted through a moonpool within the floating platform. The
flange on one end_of the cglindrical shaft s in turn mounted on a turret 30 bearing system which is

fixed to the deck of HePVBERd BRI JHRISSI RN AirE AsSATIP A BT Aty St 2dtEFEiry mooring
lines extendeatinfronstem shraft tomtcant i toetieodeztbudnifeatidition sarpleraditgerh piotrction risers
runs from thgygllheads on the seabed to the same end of the cylindrical shaft. The oil is then 2

10  BACKGROUND

In recent years, the use of floating facilities has become prevalent in the
offshore oil and gas industry for the extraction and production of oil and gas from
offshore fields. Floating facilities such as the floating, production, storage and

15 offloading (FPSO) unit or the floating, storage and offloading (FSO) unit are typically
floating platforms converted from oil tankers or in some cases vessels or barges

specifically designed and built for the purpose.

The growth in interest of such floating facilities is due to the ease of

20  installation, the minimal fixed infrastructure required, flexibility in usage and most
importantly the ability to weathervane in response to the prevailing weather
conditions as compared to the fixed oil platforms or oil rigs. When these floating
facilities are moored in the open sea and exposed to prevailing weather conditions,

their ability to weathervane freely stems from the mooring system that they utilize.

25  One such mooring system is the turret mooring system.

WO02009/031971 describes a turret mooring system where a turret in the
form of a vertical cylindrical shaft is fitted through a moonpool within the fioating
platform. The flange on one end of the cylindrical shaft is in turn mounted on a turret

30  bearing system which is fixed to the deck of the vessel. On the other end of the
cylindrical shaft, a plurality of catenary mooring lines extends out from the shaft to
anchor it to the seabed. In addition, a plurality of production risers runs from the

wellheads on the seabed to the same end of the cylindrical shaft. The oil is then



transferred from the topside of the shaft to the oil processing equipment or storage tanks of the floating
platform. This assembly of the turret, the mooring lines, the turret bearing system and the deck of the
vessel allows the turret to be fixed to a position with respect to the seabed and the floating platform to
rotate or swivel about 5 the vertical axis of the cylindrical turret, enabling the weathervane ability of
the floating platform. In this turret mooring system, the turret bearing system consists of roller
assemblies arranged along the circumference of the circular turret bearing system 10 with the axes of

the cyllndrlctg‘Jj“;g J%&’?.JQ,W‘ téa Smd(ighgf%ls ftpt(de[\cula beanngE‘The roller afc,semtbly 100, as

shown in Figure I, consists o & rotatable cylindrical roller ShoTted by a honrotating axle
104 which i$3¥eef t%‘?n89@}‘(&%@@%%&@16@%’08%@%% té‘ff(?*aﬁhﬁrﬂ@ﬁﬁ”&@e“ﬁ?éd 6% base

plate 110. 15ifhke hyshaglioysupparis 106, k% forma hydrauditosystem wherebbthayareo a
mterconne;:;ged yla a t}xdraullcglpe sharing the s(glqi%gou ‘ce o t[%drayllc fg %d In sucq aset.up of the

respe the seaged
hydraulic system, ‘the two ]S”R/ raulic supports Wourd act in & counteractlng manne{f Therefore

when a5dov¢ﬁﬁ/a’r@f‘i‘éﬁ':eaé@t506ﬁ%éﬁﬂﬂf@ﬁ’yﬂ#ﬁ@hc%ﬁﬁﬂ%ﬂs{é‘?g westheidansusedity t@béh@epressed,
the hydrauligdisislyymatidratibe forced to flow to the other hydraulic support e.g.108 and causes it to be
elevated. In the normal operation of the floating platform out at sea, the floating platform is
susceptible to environmental conditions and would naturally roll or pitch following the prevailing
weather conditiond" Shigh etoMoRsiNe cxEsMadial [YEEIngeZB NenyRiatrepbEaiingfsiatem. The

turret beari%%mé@ﬂﬁwfib%@tmam&za attenapisdoisushien taamadialgexement of
the sh@t by |n}\e{§ger3|n%ﬁglal rtng[ as emblie % with tlt'}]e roIIer :ﬁﬁembll s lé)O as shown in

Figure However, due prac%al ConsIderations, ind OcYVng the ditficulties in positioning the turret

entirely cenf?ﬁﬁyr\ﬂl'l‘@rnaﬁ?@fﬂﬁ%nb%l, FReshNAl tﬂédﬂﬁgfgoéss@ﬁﬂjﬁ& 902 stinglaveotstativ some
movement nytmars&naftomusom@aag&lel@awng avrihetsoler assembiomiemeinpredSelthe3 It

would theregoroe .an ngprqu&eqtdg tPt an |e e(J%'ollecy '%stsembl %ﬁ!?ﬁr@ [)rgstebsﬁrmg%stem could be

devised WhIC¥I overco one or rore of these |C|enC|es

15 The hydraulic supports 106, 108 form a hydraulic system whereby they are
interconnected via a hydraulic line sharing the same source of hydraulic fluid. In
such a set up of the hydraulic system, the two hydraulic supports 106, 108 would act
in a counteracting manner. Therefore when a downward force acts on one of the
hydraulic supports €.g.106 and causes it to be depressed, the hydraulic fluid would

20  be forced to flow to the other hydraulic support e.g.108 and causes it to be elevated.

In the normal operation of the floating platform out at sea, the floating
platform is susceptible to environmental conditions and would naturally roll or pitch
following the prevailing weather conditions. Such motion would cause radial loading

25 on the turret bearing system. The turret bearing system 200 described in
WO2009/031971 attempts to cushion the radial movement of the shaft by
interspersing radial bearing assemblies 202 with the roller assemblies 100 as shown
in Figure 2. However, due to practical considerations, inciuding the difficulties in
positioning the turret entirely centrally within the moonpool, the radial bearing

30 assemblies 202 still have to allow some movement of the shaft. Thus, the radial

loading on the roller assemblies remains an issue.



According to an aspect of the present invention, there is provided a roller assembly for a turret bearing
system, the roller assembly comprising a first and a second roller; an axle on which the first and the
second rollers are rotatably 10mounted; and a biasing mechanism located between the first and the
second rollers and supporting the axle. A guiding arm may be coupled to each end of the axle. 15The
two rollers (i.e. the first and the second rollers) may;be independently rotatably mounted on the axle. A
U-shaped bracket may couple the axle to the biasing mechanism. 20The U-shaped bracket may be
configured to be rqg%\i/\é%péeﬂi‘n agroove on the axle such. that Iatﬁrafl m ment of Ehe axl& IS restricted.

0
.. . e an .i roveme N e art i r assembly_an r.
The biasing mechanism may be disposéd in SRR ThE WS rdllelts? 81 He Asing miectahism may

be a hydraulidr@ippRAting syFiRIThy@radliess dispisetaricbnipesecartoater housipig vertibaliyg moveably
mounted ongfigeRe30A guide bearing may connect the outer housing of the hydraulic support to the
piston to guide the vertical motion of the outer housing.

5 SUMMARY

According to an aspect of the present invention, there is provided a roller

assembly for a turret bearing system, the roller assembly comprising a first and a

second rolier; an axle on which the first and the second rollers are rotatably

10 mounted; and a biasing mechanism located between the first and the second rollers
and supporting the axle.

A guiding arm may be coupled to each end of the axle.

15 The two rollers (i.e. the first and the second rollers) may be independently

rotatably mounted on the axle.
A U-shaped bracket may couple the axle to the biasing mechanism.

20 The U-shaped bracket may be configured to be receivable in a groove on the

axle such that lateral movement of the axle is restricted.
The biasing mechanism may be disposed in between the two rollers.
25 The biasing mechanism may be a hydraulic support.

The hydraulic support may comprise an outer housing vertically moveably

mounted on a piston.

30 A guide bearing may connect the outer housing of the hydraulic support to

the piston to guide the vertical motion of the outer housing.

A split retaining ring on the outer housing of the hydraulic support may limit

the extension of the outer housing as it moves vertically upward.



4 A cavity may be provided in the piston of the hydraulic support, the cavity including a spring
mechanism. 5The hydraulic support may be configured for interconnection with other hydraulic
supports to a shared source of hydraulic fluid. Each guiding arm may be pivotably mounted on a
support frame. 10A pair of the guiding arms may be configured to guide the vertical movement of the
roller assembly. According to another aspect of the present invention, there is provided a turret
bearing system for a turret of a ship, the turret bearing system comprising a 15 plurality of roller
assemblies as defined above wherein the plurality of roller assemblies are configured in use to be
disposed radially around a moon pool of the ship. According to another aspect of the present
invention, there is pregidedraeaobenethadast mahefadsioe of throhedemdenshiyoiont atherredibaring

system, the;meathed eosprAsiRGtharsteps of providing a first and a second roller, providing an axle,
rotatably mounting the first and the second rollers on the axle, providing a biasing mechanism and

mounting the axle on the biasing mechanism, wherein the biasing mechanism is located between the
first and the secontihelleysraiig iswppbrtiray the 28xndeured heimetoohecsyrfuttier othmprise the

step of provifing@ieuichne e soulrditaesch & @Lihe aylg. 30The two rollers (i.e. the first and the
second rollers) may be independently rotatably mounted on the axle.

Each guiding arm may be pivotably mounted on a support frame.

10 A pair of the guiding arms may be configured to guide the vertical movement

of the roller assembly.

According to another aspect of the present invention, there is provided a

turret bearing system for a turret of a ship, the turret bearing system comprising a

15 plurality of rolier assemblies as defined above wherein the plurality of roller
assemblies are configured in use to be disposed radially around a moon pool of the

ship.

According to another aspect of the present invention, there is provided a

20  method of manufacture of a roller assembly for a turret bearing system, the method
comprising the steps of providing a first and a second roller, providing an axle,
rotatably mounting the first and the second rollers on the axle, providing a biasing
mechanism and mounting the axle on the biasing mechanism, wherein the biasing
mechanism is located between the first and the second rollers, and is supporting the

25 axle.

The method may further comprise the step of providing a guiding arm

coupled to each end of the axle.

30 The two rollers (i.e. the first and the second rollers) may be independently

rotatably mounted on the axle.

The method may further comprise the step of providing a U-shaped bracket

for coupling the axle to the biasing mechanism.



5 The U-shaped bracket may be configured to be receivable in a groove on the axle such that
lateral movement of the axle is restricted. 5The biasing mechanism may be disposed in between the
two rollers. The biasing mechanism may be a hydraulic support. The hydraulic support may
comprise an outer housing vertically moveably 10mounted on a piston. A guide bearing may
connect the outer housing of the hydraulic support o the piston to guide the vertical motion of the
outer housing. 15The method may further comprise the step of providing a split retaining ring on the
outer housing of the hydraulic support to limit the extension of the outer housing as it moves vertically
upward. The method may further comprise the step of providing a cavity in the piston 200f the
hydraulic support, The thehgradibdicted spuimemettiieiio be rFpeivapiednlic gwoperomiebe

configured ¢ intersomRe cliernith \Rihern hydraulis isuppetis dea shared source of hydraulic fluid.
25Each guiding arm may be p votably mounted on a support frame. A pair of the guiding arms

may be configured to guide the vertical movement of the roller assembly. 30 BRIEF DESCRIPTION
OF THE DRAWING®: biasEmbsdimeins ofiabid indientieadnill trivirettetheridersedets and readily apparent
to one of ordinary skill in the art from the following written description, by way of example only, and in

conjunction with the drawings, in which: _
) hlehe iasing mechar%sm may be a hydraulic support.

The hydraulic support may comprise an outer housing vertically moveably

10 mounted on a piston.

A guide bearing may connect the outer housing of the hydraulic support to

the piston to guide the vertical motion of the outer housing.

15 The method may further comprise the step of providing a split retaining ring
on the outer housing of the hydraulic support to limit the extension of the outer

housing as it moves vertically upward.

The method may further comprise the step of providing a cavity in the piston

20  of the hydraulic support, the cavity including a spring mechanism.

The hydraulic support may be configured for interconnection with other

hydraulic supports to a shared source of hydraulic fluid.
25 Each guiding arm may be pivotably mounted on a support frame.

A pair of the guiding arms may be configured to guide the vertical movement

of the roller assembly.
30 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:



6 Figure 1 shows a front view of a prior art roller assembly for a turret, Figure 2 shows a top
view of a prior art turret bearing system comprising 5roller assemblies of Figure 1. Figure 3 shows
a front view of the prior art roller assembly of Figure 1 illustrating different forces applied during radial
loading. 10Figure 4 shows a top view of a turret bearing system according to an example embodiment.
Figure 5 shows a cross-sectional side view of the tyrret bearing system of Figure 4 supporting a turret.
Figure 6a shows a front view of a roller assembly for a turret according to an example embodiment.
Figure 6b shows a side view of a roller assembly shown in Figure 6a. Figure 6¢ shows a
cross-sectional side view of a roller assembly shown in Figure 6a. Figure 6d shows a
cross-sectional frohtadesy! ihewsile frasseiawlipishoner iar DsHryeseably forRidure shows a front view
of a roller assembly for a turret according to an alternate example embodiment. 30Figure 8 shows a

front view ofarollqg.asse bW forau{lrret accor in%to . .
igure 2 shows a top view of a prior art turret bearing system comprising

5  roller assemblies of Figure 1.

Figure 3 shows a front view of the prior art roller assembly of Figure 1

illustrating different forces applied during radial loading.

10 Figure 4 shows a top view of a turret bearing system according to an

example embodiment.

Figure 5 shows a cross-sectional side view of the turret bearing system of
Figure 4 supporting a turret.
15
Figure 6a shows a front view of a rolier assembly for a turret according to an

example embodiment.

Figure 6b shows a side view of a roller assembly shown in Figure 6a.
20
Figure 6¢ shows a cross-sectional side view of a roller assembly shown in

Figure 6a.

Figure 6d shows a cross-sectional front view of a roller assembly shown in
25  Figure 6a.

Figure 7 shows a front view of a roller assembly for a turret according to an

alternate example embodiment.

30 Figure 8 shows a front view of a roller assembly for a turret according to

another example embodiment.

Figure 9 shows a fiowchart illustrating a method of facilitating rotation of a

turret according to an example embodiment.



another example embodiment. 7 DETAILED DESCRIPTION The present inventors recognize that
in a turret bearing system such as the turret bearing system 200 disclosed in WO2009/031971. radial
movement of the turret shaft may have a significant impact on the performance and functionality of the
rollers 102 in the turret bearing system 200. Therefore, in order to provide a better design for a turret
bearing system to moderate such impact, the inventors conducted detailed analysis of the interaction
between the radial and axial load acting on the turret bearing system 200. 10 When a turret shaft
(not shown)y bearing system 200 such that the flange (not shown) at one end
of the turreé%%qg%ég %%%gg'/ﬁg‘ﬁ@m rollers 102, the axial load acting on the turret bearing system
200 may be distributed over the rollers 102 in a manner where each roller 102 assumes a portion of
the 15 total load. The pestion alaxiadioastsyppertadiby eachsolirialind BlRyehe dtanspyeras vertical
load and is denoted by F.)/ in Figure 1.. On the radial movement of turret may
exert radial 10ac mgge or)éﬂ%]egtﬁ%%t %g% n%ssc;flcé?grgn *Eogeggr% éf?g ?glé?j’fé?gi‘aimgg ‘z’fgrpaller? e f:Jl?gteributed to
the 20 thdividtial ©IRFSID2 haseaar igtfigsatdistpinriten rhiagdeceanay eafsianetionalittepl force
acting on thgdopméreantoraland G2 ras drpeies HsRminHigurestebhis |aterakforseRviaeting on the
roller 102 may,greale,amement o farce M.on, ln enire gler-assembly, 00, Waich may he construed
as a tendencytto rotate the entiré roller assembi , as deno edaby KK ig%re 1. i the roller
assembly 100ndHetRitedaiqtecearrinesy pEdhR intpr@eiindiRidaeNhe02dAl aacheal 0Waf)ing to
rotate slighty-@idilirinibe diegciion &f Hetmament M as shown in Figure 1. This tendency of the roller
102 to Botate slightly or tilt in the direction of the moment M. may result in the contact surface 115 of
the rol]er 102, 30 which is in contact with the flange of the turret shaft, to experience a linearly
distributed load (sM¥@? &stiser! hapH ot shawiiustraeetiedrguhe 1Uon Bsadngesysiemde the lateral

force Ph is agtingnihenatensity ebtheneisHkittesd ead BrRmb AR sRAKIEHEBPTVE tyinaangd on the

opposite side, 116 HPe intensit ofaﬁe istributed load may be at a minjjmum of w - Aw.as shown in
Figure 1. Tﬁ%’%hsegryé’?&ﬁ%‘h }élaa acgng on {ﬁe turret be:erg sys%emrBHa) may be distributed

over the rollers 102 in a manner where each roller 102 assumes a portion of the
15  total load. The portion of axial ioad supported by each roller 102 may be transpired
as vertical load and is denoted by Fv in Figure 1.

On the other hand, the radial movement of the turret may exert radial loading
to the turret bearing system 200 and this radial force may again be distributed to the
20  individual rollers 102. As a result, the distributed radial force may translate to a
lateral force acting on the top of each roller 102 as denoted by Fh in Figure 1. This
lateral force Fh acting on the roller 102 may create a moment of force M on the
entire roller assembly 100, which may be construed as a tendency to rotate the
entire roller assembly, as denoted by M in Figure 1.
25
In the roller assembly 100, the lateral force Fh may result in the cylindrical
roller 102 and its axle 104 trying to rotate slightly or {ilt in the direction of the moment
M as shown in Figure 1. This tendency of the roller 102 to rotate slightly or tilt in the
direction of the moment M, may result in the contact surface 115 of the roller 102,
30 which is in contact with the flange of the turret shaft, to experience a linearly
distributed load (shown as load graph112) as iliustrated in Figure 1. On the side 114
where the lateral force Fh is acting, the intensity of the distributed load may be at a
maximum of w + Aw, and on the opposite side 116, the intensity of the distributed

load may be at a minimum of w - Aw as shown in Figure 1. This linearly distributed



load 112 may create a restoring moment M' to counter the moment M created by the lateral force Ph.
In the single roller assembly 100 described above, the restoring moment M' 50f the roller assembly
100 may be represented by the following equation. = (2 x Aw)/2 x ax (a / 6) = (a2Aw),/ 6 As the
lateral force Ph increases, the difference between the intensity of the distributed load at the ends 114,
116 of the roller 102 may become larger. Once thegl0 intensity of the linearly distributed load 112 at
one end 114, 116 exceeds the material limits of the roller 102, material failure might occur at that end

114, 116 Apapgnssguene,dne ol a0z maxeeliense demmalan ot ipendad 19, 4ao. In an

instance of extremé deformation, the entire rofler 2 might be permanently tilte deformed
304 as illustiifsal ilPTRyfife 3. Even when the intensity of the 15 distributed load is within the
acceptable limits of the material prolong exposure of uneven load distribution on the contact surface,
especially with the higher Io sit s 114,116 of the 1) ller 102, may result in, different
rate of wear across tr%eessg ofr ﬂwe co%lstact sU e{‘ace figml}_)eg?gcrbrﬁaﬁo% 304% ?thg roffere?ﬂ)E may occur.
20 I thef ﬁGﬁéP‘E%aﬁfﬁ?@@Pﬁtérﬂ%@}’tﬁ% SOEREEA 6 rAiaPHelrHiG @ sSeATsIes 202 may have the
effect of reducing the lateral force Phvaetingomihe xelleraHeweveaf,Alunay not be able to ease the
uneven load distribution situation on the contact surface 115 of the roller 102. And therefore this may

not be sufficient or 25adequate to moderate the overall impact of radial movement of turret on the
rollers 102 of the th§dbBdaleie) {ysem/nngrease feepdfsiislecmetioe et ExsintEtshunéien load

distribution epnaditieadmsynhe tadgeddeerthe diffesencs etweep the inlensiy efrthe. load digigbution at

both en @js 30 114 11§ QM increas '”% an Q’r Pf the Ier 102 Thlg may C{egte&a Iarger restorlng
moment arm’ an uS result in a s rdi erence |n oa n ensrty at its ends’as compared to a

roller 102 wmﬁﬁ?ﬂ%!rrwlér%ibﬂr rei&perr%‘crﬁgtﬁfrefs‘améermat fsiee Phthabarddr 4 Wideryoller 102

may lead toPrRlesnEamids, respraldo the mgt&@)@r@aeedd@ﬂamaibh theterehdsl4of thegoller 102
which is nearer to the 9 rhre of t turget ma e to r(agatel(ﬁt as o er speed as %%%red to the

other end 115 GFREFRIRr Which |s art diftérentia m%yr%%ﬁ?tl ing motions

along the c&ﬁ&rﬁ%@@é@ meg 94 §ﬁ1dléﬁ*@¢l@d102f:dﬁw onty ﬁ)’@'ﬁe‘fm%ﬂsthgleﬂgﬁfée@ ghérefore this
solutiorsis remngdeseebtniRasibl@ithin the acceptable limits of the material, prolong exposure of

uneven load distribution on the contact surface, especially with the higher load
intensity at the ends 114, 116 of the roller 102, may result in different rate of wear
across the span of the contact surface 115. Deformation 304 of the roller 102 may
occur.
20
In the turret bearing system 200, the addition of radial bearing assembilies
202 may have the effect of reducing the lateral force Fh acting on the roller.
However, it may not be able to ease the uneven load distribution situation on the
contact surface 115 of the roller 102. And therefore this may not be sufficient or
25 adequate to moderate the overall impact of radial movement of turret on the rollers

102 of the turret bearing system 200.

One possible method of easing the uneven load distribution condition may be

to reduce the difference between the intensity of the load distribution at both ends

30 114, 116 by increasing the width of the roller 102. This may create a larger restoring
moment arm and thus result in a smaller difference in the load intensity at its ends

as compared to a roller 102 with a narrower width experiencing the same lateral
force Fh. However, a wider roller 102 may lead to problems with respect to the

rotational speed. Naturally, the end 114 of the roller 102 which is nearer to the



5 The following embodiments of the invention seek to provide more desirable solutions to the
above problem. Figure 4 is a schematic diagram illustrating the top view of an embodiment of 10 a
turret bearing system 400 of the present invention. The turret bearing system 400 may include a
plurality of roller assemblies 402 fitted on the deck of the floating platform and arranged along the
circumference of the circular turret bearing system 400 with the axis 406 of the cylindrical rollers 404 in
each of the roller assemblies 402 perpendicular to the axis of the circular turret bearing system 400.
The number 15t of rTo!Ler SS mblie}s?402tin a tliurre'% bea}rin% s%stem 400 is dePendent on the size of the
turret. The sYatem ZhoRmin igiire W€ Sroltdad B e ¥FarPesrisIE YRR e 11681555 a cross
sectional viendlllidfraingancdrarmplevdiitheiinfertistion etwiEeretii@tunrepshdfrBoreheltotler

assemblies 4QR-9f tiBH IIBRATING SHHRINLOAQ0 il dbe dack S 13 6f the floatingplagiorm. The
vertical turret shaft §06 may fitt?d in the n]o%%%ool 508 of the floating facilities with the shaft flange

504 at the uPPRr ST SPIE VERTEEI U Bt RAH B0e FEEHAG R YRERRINES! tips of the rollers 404 in a

roller assembly 402. The roller assembly 402 may in turn be fixed on the flange portion 502 of a

circular combing 5+Aexddasianbiamiatk 5Lhef thelaatingd5 Reliege Ths SitudassrMbing 510
and its flangse ’o%rtion S%Z?ré\?%/gbe erected such that when the turret bearing system 400 is fitted on the
urr

flange portioﬁ) 5 T%ﬁg gtﬁ{g%ﬁ”?ne turret bearing system 400 may lie on a plane parallel to the
horizontal plane of the ground even when the deck 512 of the floating platform is constructed in an

inclined manner. ItAgurderstaeddbalabheleraiawtiensPiHben G RC PR A REENFEEHhEs turret shaft
506, tq:? roller assembll,es 402 of tk}&él:#et beann(gpastem, 400_and the deck 512 of the floating
r i

platform may ML e RINBIS SRE JUPRIER SHIRNPIH g s WIS OORRER S5 RO FAR example
only. 10 m@n ienksdelienehralithetoliteragseentitjet0208 ifiistiatedtie Rigdreobah6tdtiand 64,

Figure 6a aRgfrik &b ShaVYEaRPREIUS JiRDhHiswRBMFie Wrw af iR LPenARSamDIYA02. Figure
6¢c and 6d sh§¥¥]\§é$§§)ectlve crgss, sectional front and side view of the roller assembly 402. The roller
|

| , f th )
assembly 48 883 1St Al sy sEisAl R AR LiRRALES FhferdiEn 2888 eplRRd apart
and rotatabKOeemedderENBnthetatisgodtte: 608U EN euneih -betatimy sysker6 08 Mahm tumbze coupled to

a biasing meehanismudomnenampe &y diadlicsHpRe R 14mbiod %—a@gee@%%é&@éhe middle

portion of th% non-rotz;i.rtﬁi]ng axle 608, in between the two rollers 604, 606. The axle 608 may be

supported by THEBAsING MEFHEREMV TR I dRaiIE PIBYRDBY K34 Fha) fAPRIBERNed to a base
plate 618. At each end of the non-rotating axle 608, a guiding arm 630, 632 may be coupled to the

non-rotating axle G88.#A5Nouiding ALBA3R:HIFWaN.BF RIMGIERLLORRREISAHR G supRAH frame 634,
636. The SLﬁ)é)Ol’t frarggig%%ﬁ Sé%ésnﬂ?/ in turn be fixed on the same base plate 618. 15The two
e , a

rotatable cy 8’}1%%{'1'1 9@6@%{0%%55)&%602 of the turret bearing system
20 400 and the deck 512 of the floating platform. The vertical turret shaft 506 may be

fitted in the moonpool 508 of the floating facilities with the shaft flange 504 at the
upper end of the vertical turret shaft 506 resting on the highest tips of the rollers 404
in a roller assembly 402. The roller assembly 402 may in turn be fixed on the flange
portion 502 of a circular combing 510 extruded from the deck 512 of the floating
25  facilities. The circular combing 510 and its flange portion 502 may be erected such
that when the turret bearing system 400 is fitted on the flange portion 502, the turret
resting on the turret bearing system 400 may lie on a plane parallel to the horizontal
plane of the ground even when the deck 512 of the floating platform is constructed
in an inclined manner. It is understood that other configurations of the interaction
30  between the turret shaft 506, the roller assemblies 402 of the turret bearing system
400 and the deck 512 of the floating platform may also be possible. The

configuration shown in Figure 5 is provided by way of an example only.



connected to the axle 608 such that the rollers 604, 606 do not slide along the axle 608 nor interfere
with each others rotation as they rotate. Each of the rollers 604, 606 may be free wheeling and able to
rotate at its own rotational speed. Each roller 604, 606 may be made rotatable by fitting a bearing
between the rollers 604, 606 20 and the non-rotating axle 608. In the embodiment shown in Figure 6d,
each roller 604, 606 is mounted on the non-rotating gxle 608 via two spherical type roller bearings 640.
The advantages of using spherical type roller bearings are that they can withstand high load capacity

and they possess self-ali nin It is underst ther t roII|n ment bearings
or journal bearlngsimay at?sor%fg\ é%dh%%{ rther, rﬁ’s@ ?8 é"rsstfg odtWaog{%lfstlo%ts i tRe number of
bearings useddapdl Vagiitops antheigomlfipationot b@qmvgseaﬁdrrbtt@\g aray ddepassibdé.tFégure 6d is
thus prog?f%s@vh%géafo@n@@rs%@@w Jﬂ@?é@%ﬁ%ﬁ%ﬁﬁ?@@t@@%m% %té%t%w&hem:jaulic
support the ed brack cht att e no axle not slide
Iongltudlnalﬁ} Htg’%%% Rieveaq, ”? Qa;%n:#é Bcﬂ) R @ﬁ?& '3 %a%e%i@r%ugﬁo ?’rtl ?i”&ure 6d, on
the norbrotatingcaxie 8o8tsbleh tyhndniedl rohapeb4rabketGr2unaydit imd titatroiovedldenhd thus
restrict the Iatﬁéahmméﬁmﬁ@t SlithecalenEutheroiimgraQwesororianiafiths BansAAERGE e 608 may
seatina 1 corres @ depyession 646 or‘whe toF surface 644 of the ter housm 642 of the
hydraulic SEFBB%' SIRBWACH PIRTIRSE. WHE G5 SERE P e Ptér & SIRRSHENESKfie axle may
also be restfittedt mmmt@m 6% thef mne—aummoagm@@&znmsant@metmom !@)ﬂams shown in
Figure 6d. Tde Ussbaped hrrckss 5@3%%%@ tﬁg@ﬁé‘é?ﬁgtm%%wfﬁ@ Kfithe outer
housm 642 of the hidraullc su}%@ ffé:.% ans o ktJoIts1 648. The h draullc su%ort 614 may
mcludé hn SRR H6GLThE RS d P U RS SAG 4@%@?6@ RiEally and
movably m@ﬁﬁe@ﬁ@n&@@tmmm@%(ﬁ%@wﬁv@mesmmw iheuronbefited bt degolate 618 by

means of b@&?dﬁi?a?h%ﬂ@@@@'n%?t% &@H@o@!ﬂnh@é@@gﬁé%tﬁﬁ%@%&H@%@@yﬁé@Ut(h% bearing
654 connectlng the outer housm% 642 tq the ﬁ)lgr%oz%650 At the bottom of the quter housing 642, a split
t

retaining ring- 888" MBS Siachad SEH Yt TS SHBGIEROPIE Blfer housing 642 as it

moves vertically upwards with respect to 15 the piston 650. It is understood that the term ‘vertical’,

when ysed in this ¢aatexl W%%@Vaﬁﬂ@%ﬂﬁr@é@ @@f‘%@%thﬁéaa%% RIBiR.&d 8,88/ Und

perpendicular to the plane of the deck of a ship when the roller assembty IS mounted on the deck of

the ship. In BYNREARAR IRFeAXLE ﬁ%ﬁ?%%ﬁﬁ@%tﬁ%‘?rﬁ(ﬁ? dn§ B4R Y ARmINGaAE'B51 of the
piston 650 Wwhéredhéayer{edapitisesisho 60 enay distiorovslddesuctia0 Brathhgtithaliofiers Gidt shown)

within the hydeaplic suppad fhadnay Rricantainedithin the sraceBRIRsel by BePUtsidousing 642
and the piston 650. Within the piston 650, a caV|t 662 may nt?%)};rowde such that aggnng

mechanism 61 ﬁ%@/rﬁahrPc?u@@Sefﬂéaaﬂjﬁd’Ynét@HQn?sﬂ?%%’lg RENIESTYSIRPLYS 885 placed in
the ca?fty 66BcMitismtiTerpisting G50: BAS. Sprihg GBbaTHybet [sblokin plate by SdoliackeelEnd a bolt

668. Itis unggsstepd takihenaRiing 6fd May-Radnheieemse8 A NeliGr] Wnteise fyRe AsiRRy other
type. It is also understood that other configurations of the sp rlng mechanism 661 may be used,
bearings 640. The advantages of using spherical type rolier bearings are that they
can withstand high load capacity and they possess self-aligning capability. It is
understood that other types of rolling element bearings or journal bearings may also
25  be used. Further, it is also understood that variations in the number of bearings used
and variations in the combination of bearings and rollers may be possible. Figure 6d

is thus provided by way of an example only.

The non-rotating axle 608 may be held on the hydraulic support 614 by the

30 U-shaped bracket 612 such that the non-rotating axle 608 may not slide
longitudinally. This may be achieved, for example, by having a groove 613, as
shown in Figure 6d, on the non-rotating axle 608 such that the U-shaped bracket

612 may fit into the groove 613 and thus restrict the lateral movement of the axie.

Further, the grooved portion of the non-rotating axle 608 may seat in a



30In the normal operation of the hydraulic support 614, the outer housing 640 may not be in contact
with the collar 666 and spring 644. Accordingly, the biasing ability of the outer housing 640 may solely
be dependant on the pressure of hydraulic fluid. However, in the event there is insufficient hydraulic
fluid due to any reason (e.g. leakage), the collar 666 and spring 644 will act as a secondary biasing 12
mechanism to ensure that the hydraulic support 6144continues to bias the roller assembly 402. At each
end of the non-rotating axle 608, the guiding arms 630, 632 may 5 guide the vertical movement of the

roller assembly 402 and restrict movement of the roller asse @yi other directions. If is understood
COI¥ ds 8 O T?ﬁ%%n J OP % é

that other mouneilsr?go %%Hﬁgu?gf%snséogf e ro‘flét?%stg@rﬁ% f ay afl%% BE'EsE8UTHE §7&éth shown in

Figure 6a, 6bectydrabbel swenndvidéd &y awf an iegaraphe ol en0The hgdiadilithsusperalo14 of
(each rholler Wﬁﬂ@f&i@tbﬁéwsp %ir&h@ 3¥§£§&eﬂ@9%sw %f’ i@Eﬁf&@@h r@%ﬂh&ﬂ% hgraulic linfe

not shown) _connecte tween) respective raulic flui rts and sharing the same source o
hydraulic flur?8.u ik ié%rlr%gﬁérét% hn e Y]?/gﬁa%{)I%Ss?}bﬁbv%?téyég%eagdcé}?é%t ‘eﬁ?gr%?ﬁ %[%‘fégﬁﬁg system
in which theShddraiasupporsBadhejonbektiop & edecditdte dfltbematardraesker f4Reotémical

cylindrical tyiret-i6 statenasy ndyle the dleatipgddagorm may roll or pitch under prevailing weather
conditions. For example, when some of the hydraulic supports 614 are depressed due to roll or pitch,

the hydraulic fluid may be forced to flow to other hydraulic supports 614 to cause them to be elevated.
Accordingly, each hyeravdi@slipsorret4ahéyiay degrsissad outdevatesirtg 203 diffbemtistogree such

that they arggoardinatadre Bralintai, the;eaticaboyiadricat uyrahaladopasitenaad thremain
unaffe%ed by the r éo itch. hen the vertical ¢ylindrical turret 506 is mounted on the turret
pearing sysERP A0 udh TS B FRbGRP0 HF R B Khins iRReAIRLE ShArB0R EREoR 25 the

cylindrical roldes @84, BE6 \sirtice! roltdicasstthblieger02o thimgGaR| ozal dutimyidadHey tarmtibearing

system 400ypaRecaistinHedify e wllers804in§¥ ohaiHb 8 iklrEsas 28 MHIBSHHIR #? the turret
bearing system 400. Eac%ggir of rollers 604, 606 maﬁSy assume a portion of the total axial load and the

portion of tH& Si&I8HIS Tpored By CREHNSHIFSF Palferiayale 85850aY BechdnRldidnas \Btical load
acting 30onthieecrdspsiotivef fedroTleishyersioal Géadadtimg \ars eadicphirupivatisy svB04e§06aisto

15  the piston 650. it is understood that the term ‘vertical’, when used in this context,
means perpendicular to the plane of the base plate 618 and/or perpendicular to the
plane of the deck of a ship when the roller assembly is mounted on the deck of the
ship. In between the internal walls 643 of the outer housing 642 and the external
walls 651 of the piston 650 where they overlap, seals 660 may be provided such

20  that hydraulic fluid (not shown) within the hydraulic support 614 may be contained
within the space enclosed by the outer housing 642 and the piston 650.

Within the piston 650, a cavity 662 may be provided such that a spring

mechanism 661 may be included. The spring mechanism 661 may include a spring

25 664 placed in the cavity 662 within the piston 650. The spring 664 may be held in
place by a collar 666 and a bolt 668. It is understood that the spring 664 may be in

the form of a helical type, disc type or any other type. It is also understood that other

configurations of the spring mechanism 661 may be used.

30 In the normal operation of the hydraulic support 614, the outer housing 640
may not be in contact with the collar 666 and spring 644. Accordingly, the biasing
ability of the outer housing 640 may solely be dependant on the pressure of
hydraulic fluid. However, in the event there is insufficient hydraulic fluid due to any

reason (e.g. leakage), the collar 666 and spring 644 will act as a secondary biasing



denoted by Ft/ in Figure 6a. 13 loading to the turret bearing system 400. This radial force may be
distributed to the rollers 604, 606 of the rollers assembly 402. As a result, the distributed radial force
may be translated as lateral force acting on the top of each pair of rollers 604, 606 as denoted by Ph in
Figure 6a. This lateral force Ph acting on each pair of rollers 5 604, 606 may create a moment of force
M on the entire roller assembly 402, which can be ggnstrued as a tendency to rotate the entire roller
assembly 402, as denoted by M in Figure 6a. As a result of the tendency to rotate slightly or tilt in the
direction of mée g m%rrggnt thh%hcqn@é:thsu faces 393 O@Q%ﬂ[ t@&,ﬁ%ﬂ{ %f {8I§rss6t%%, G(Qf'rWhiCh are
in contact with t enf%nge 504 of the-turret SKare %b%, moady experience a ﬁenearly gistriduted Joad (shown
as load graprss?Rye®2) on each of the rollers 604, 606 as illustrated in Figure 6a. In this
embodiment, due to the spacing between the rollers 604, 606, the linearly distributed load 620, 622 on
each of the rollers 504, 606 m only possess sligh abe rity. Thus the Ioaé;i%ais '%ution on each
roller 604, 606 ma’&b%éé%p?gg?réég ggéi rL?IEI (')nrﬁ@)(f%s%n QUI%& 185G Thérétdre ’egré; en{gﬁk// of the
unifornfly distfigeitee kestiogReremhenisntie siisaeesehhyy réle 604 ettt me ke daepdltierce may be
gggroxirﬂatea@ Was'sé}m@snshh@\mﬁ&n éﬁé%!&%r@@), wf}ike thidafm%/fqﬁme m@%rm%@l;iﬁtﬁ@ute% load
on the contact surface of the roller rom the latera e may be roximated to wr
"t (25 S B T s og b e i B of R oflrs 604,
606, may refsiglne Gerditobngne ditent Rroyidatcbl iy 2y ahesr eemmberemy of the lateral force Ph as
shown in Figure 6a. 25Since the load distribution may be approximated to a uniformly distributed load,
taking_the width of_each roller. 604, 606 in_the roller assembly 402 to %1 equal to the width of the single
roller i 2 in the pr@eaﬁygﬁéﬂlécrgﬂgf)%s%mb?){ i%%“, 5?153 rthaes)é wid %1'3614 3e'§r;ﬁ§ [ Lg‘frt?gt\t?v’gé""e'?\ﬂﬁ1e rollers
604, 606 to HEETicdPRe WrIthDS! BrercPONECcERY vE0e, Wwillkewie vy @lbthehforoescandgstas constant,
the equation&ieen3fegpstaunornamant Niaf fiptsokarsassemiy 402 indhiserabeslirentmay be
rfgrv‘jse)(”fj@gé@%gﬁ%%g%Rﬁ%ﬂéﬁ%ﬁgﬁfﬁ%9 %%ﬁi‘ét&%pdd eRriPns ey 3lsohe Hegd- M1 = (wl
a biasing system in which the hydraulic supports 614 may work in a coordinated

15  manner to keep the vertical cylindrical turret 506 stationary while the floating
platform may roll or pitch under prevailing weather conditions. For example, when
some of the hydraulic supports 614 are depressed due to roll or pitch, the hydraulic
fluid may be forced to flow to other hydraulic supports 614 to cause them to be
elevated. Accordingly, each hydraulic support 614 may be depressed or elevated fo

20  a different degree such that they are coordinated to maintain the vertical cylindrical

turret 506 in position and to remain unaffected by the roll or pitch.

When the vertical cylindrical turret 506 is mounted on the turret bearing

system 400 such that the flange 504 at the upper end of the turret shaft 506 sits on

25  the cylindrical rollers 604, 606 of the roller assemblies 402, the axial load acting on
the turret bearing system 400 may be distributed to the roliers 604, 606 of all the
rollers assemblies 402 in the turret bearing system 400. Each pair of rollers 604, 606

may assume a portion of the total axial load and the portion of the axial load
supported by each pair of rollers 604, 606 may be translated as vertical load acting

30 on the respective pair. This vertical load acting on each pair of rollers 604, 606 is

denoted by Fv in Figure 6a.

When the floating platform rolls or pitches under the influence of the

prevailing weather conditions, radial movement of the turret may cause radial



Thus this embodiment may create a larger restoring moment M under the same conditions as
discussed with respect to the prior art system. At the same time, this may be achieved while exposing
the individual rollers 604, 606 to an approximately uniform load distribution. One gualitative advantage
of this 5 embodiment is that the roller assembly 402 may withstand a significantly higher radial force
before any permanent deformation or damage to thgrollers 604, 606 may occur. At the same time, the
rollers 604, 606 may have a longer lifespan under the same operating conditions, as the rollers 604,
606 in this embpdiment aieAgtiepealedy expasechin uneyenioad distiputions, Tiis maygive rise to
an overall |mpgrove Fuhction and Stable operation of the entire turet earing system , Whereby

the turret m&3/'e&sr2id iSO Sitithe reyarellassenttheddd Afdpiestindtienistithiedsadiay fsieatorm.

Furthermoren iheotnirarellae604, BRGsasign atthg mllerassearaly4034nay pswvidesaddiimnal
advantage iQStQ}atnt egeg ippq&ep.t redugdaﬂ%g i‘g thre{r}gmbe‘g_: of rollers provi ed._AnPth r advantage of
[ ha

S ,
the embodiment of the 15 presen’ invention may be ttRe urarcé‘%é)rln%agys?ea}ﬁ Yot rir%? preferably

not reqtire &R RititiOAY T5ais Baasimgnbetiwrse tHeorolle astiemblipirpisemhibddirmanition the

present invesiiopenaalidde suticigntanshagesvatadanuitisiansbhath dberayiphioadandthadadial load of
the turret sfgalﬁwf’zlg@othe%embodiment of a roller assembly 702 is illustrated in Figure 7. The roller

assembly 7 3 may include a single rotatable groove type roller 704, where the roller body has two
contacting surfaces 706, 708 separated by an inner recess 710, supported by a non-rotating axle 712

\r/]vh(;ch rlnay be bolted af b@gbueadssr%y%ﬂhﬁﬂ&dl@té@e@w@mq@iﬂsmraﬁeta@&&smﬁdt%exzmple
ydraylic supports 718, 25720. Both the hydraulic_supports 718, 720 in.turn be fixed to a base
onte 35 R o R A T R A YRt oF e
contacting stiférels WiB, thesfigndahelecelsthel iael shefthPlthenaverdibigtivef zhéngedye type

roller 7?_4. Qﬁaﬁgﬁmeéai?w eﬁﬁfﬁv;s&;gnaﬁvgﬁlb'i%?sw@@bﬂ@? égdm@mé&i?o?w@ﬁ&??% 440
supporting each end of the ax in the tyrret bearing system, may be interconnected via a
hydraulic Iir?ieﬁlj (Sr%éf g%dvvnj Uorﬁneacﬁend%'e ﬁ@éﬁaé@sgctﬁ/%eegﬁd%a%ﬁ@?léf&?p%eﬁ\g%lé,8 i ﬁéshydraulic
supports 718042 Gribsslperily tHstsamedsinac 841 Rk auliefilicos tioh thiteralbive RYGrandic supports
f718, 7125? in_@ntyr@%b@ﬁi@mggyr?ﬁarﬁwmgm %ﬁ@@g&i@ﬁ&ﬁ%ﬁi&ﬁ&@%, Jgﬁmt%yollectivily
orm a biasing system in which the hydraulic supports \ may work in a coordinated manner to
keep the ve{r}ﬁgca (%;ﬁh('cﬁrr‘l%a% tifref's0 %i'é'ﬂé’nglrfﬁﬁﬂﬁgdth}(g?fgégﬂar 8fﬁor%erﬁ3§?P§ff36r(%it Yunder the
prevailing wezithenlyotigitionied load\gRewthirgaeiciactHinthtsabiuhersds isOholosedtorthie turret
bearing sysigidSOmBRESIAGyObE0IEprasEaRbBEES TP2:such taat dheiingeRRdat hemnrerfnd of the

turret shaft 506 sits op the two contacting surfaces_7Q6, 708 of the grooye t roller 704, the axial
load acting g(rglet'hsétt}/u?{sé}t‘%gg'r%bmsi S 'Srﬁq%% k?%aaig&%faf‘e ?ocﬁ?éaél‘?%}/a@%gfgﬁﬁécgﬁffgggs 706, 708
of the gloovamgpdreaiehs 7aierst taeceieryl O soemilyanRl itpthe tutwt trsaringsysteMmga@ach pair of
contacting sHfacas dHbréRASaldhrcaroae baeirliesifOshraayAsswRe 1o sen afdae otg! axial load

and the portion pof the axjal.load supported by egch pair of contacting surfaces 706, 708 may be
translated arse%‘égtieéﬁ fgg{ %%%r%og}% ﬂ?ﬁe%ﬁégﬁgvicp?&?%ﬁ %ﬁ%?a@é@%ﬁi %ﬁi%&ﬂﬁ'%’%&?i on each
pair of cont@éttitpeiirfadegure®a708 is denoted by Fv in 15Figure 7.

25 Since the load distribution may be approximated to a uniformly distributed
load, taking the width of each roller 604, 606 in the roller assembly 402 to be equal
to the width of the single roller 102 in the prior art single roller assembly 100, and
the width of the spacing between the rollers 604, 606 to be twice the width of each
roller 604, 606, while keeping all the forces and load constant, the equation of the

30 restoring moment M’ of the roller assembly 402 in this embodiment may be
represented by the equation below. It is understood that other dimensions may also
be used.

M = (w, + Awy) x a x 3a/2 — (w; - Aw;) x a x 3a/2 = 3 a°Aw;



In addition, when the floating platform rolls or pitches under the influence of the prevailing weather
conditions, the radial movement of the turret may cause radial loading on the turret bearing system
and this radial force may be distributed to 20 the groove type roller 704 of all the roller assemblies 702,
As a result, the distributed radial force may translate to a lateral force acting on the top of each groove
type roller 704 as denoted by Fh in Figure 7. This lateral force Fh acting on the groove type roller 704
may create a moment of force M on the entire roller assembly 702, which may be construed as a

tendency to rotate entjre roller ly 702, as 25denoted by.M in Figure 7., As a result of
the tendency to rotgags_s.lﬁ}élétl?/%lér}% ﬁgﬁ]pe]rg(ﬁ_/?eg%én%o t?faer e&rﬁ%ﬁ%\ﬂ?tﬁ%ﬂ%?%&oﬁ%ﬁr%esurfaces
706, 708 of $AE'GrEBVEtPPe ASiIEisPuassthitiharespecbitadtvRARh@MaGtesn4 Of the teareeshaft 506,

may experience, ardd lingamy distibutedoad showngslean granhuir 24icF2630N eachief the
708595 illustrated.in Fi% re 7. Jn this er(;ﬂlgodiment du%to the reﬁgss 710

contacting surfaces 7
between theggg'hgt%%c?ﬁ%q gur‘fgcggmio cf 08?[t 1[(r-:'-qlné)?gr'ly istribdted 33’8 732\/% h e%fch ofthe

contactfhg tlffaeesn?ob s d8ah Bie oitNep assesabdligHidinearity driand satredofeadidtribiaien may be
approximateddiaiarsradosaitrélistibpteshioret dédrheseiarethainirpesity pidhseienifemaly hstributed
load 724 on the cantact, surface 706 closer to the | al.force may be roximated to w2 + Aw2,
while the ARG BT G GHaTE QBT Eo P LSLS1 b, SH Cbe ey SRSt DG Ry i the
lateral forcetRfa§AReappttRintaren d5iE - 2P asdileswhdA. Fgare hshendifidiaste Sisetwéen the

load intensitgesueath extoesn pactiogaudasesistibuteis. Willisemdy igiddesioripmemnsal M’ created

to counter the moment M of the lateral force Fh. In this embodiment of the present jnyention, the
restori?I% mé@%ﬁ%/ﬁgy %Cg%llae?gsss%bn{%lf pﬁfé]t fﬂqurgeﬂ?gp?é‘%éerl%ér%‘g/ egqgﬁ’o%ﬁtgegqé%m. 10M2' =
Aw2(2a/3)(ABPeby AV RIIB{ a13) (&6 2 dig)ositipmwegaie sy (aféhe sptaaqdRizAwRtions (2 yAw?2) /9
Since the linpariyafrihepdigtibuted torstoreagheralles makbenegbobleangrths width-gfdhe groove
type roller 704 in the roller assembly 702 may be equal to.15 the width aof the sipgle roller in a single
oler asserbR e e R 1 g A e e S AURN 6 e HHBIRG moment

of the roller BsSEmpy TR Y tabesmbeativectht Angjse fdusstaepresdnteepyerieneqtiatiomdelow. It is
understpod phedpthenaimnensinas prayhalstberusedbearing system 400 may preferably not

require any additional radial bearing, because the roller assembly in the
embodiment of the present invention may be sufficient and adequate to withstand

both the axial load and the radial load of the turret shaft.

20 Another embodiment of a roller assembly 702 is illustrated in Figure 7. The
roller assembly 702 may include a single rotatable groove type rolier 704, where the
roller body has two contacting surfaces 706, 708 separated by an inner recess 710,
supported by a non-rotating axle 712 which may be bolted at both ends by bolts
714, 716 to a respective biasing mechanism, for example hydraulic supports 718,

25  720. Both the hydraulic supports 718, 720 may in turn be fixed to a base plate 722.

The groove type roller 704 may be designed such that the width of each of
the contacting surfaces 706, 708 and the recess 710 are one third the overall width
of the groove type roller 704. Other fractional dimension may also be used. The

30  hydraulic supports 718, 720 supporting each end of the axle 712 in the turret
bearing system, may be interconnected via a hydraulic line (not shown) connected
between respective hydraulic fluid ports 721a,b in the hydraulic supports 718, 720,
and sharing the same source of hydraulic fluid such that all the hydraulic supports

718, 720 in a turret bearing system (not shown) comprising roller assemblies 702



M2' =(2a2Aw?2) /9 20= (282 /9)(34w/2) = (82 Aw)/3 Thus, this embodiment may create a larger
restoring moment under the same conditions as discussed with respect to prior art system. At the
same time, this 25 may be achieved while exposing the contacting surfaces 706, 708 to an almost
uniform load distribution across the span of each surface. One qualitative advantage of this
embodiment of the present invention would be thattge roller assembly 402 may have a longer lifespan
under the same operating conditions. This may give rise to an overall improved functions and stable
operation of the entire turret bearing 30system, whereby the impact. of radial t of the turret to
tho rollors P NPl LR B Ty e e Ry e Bk L T2 obich may be
bolted at botfPENHs HEeRItNeiel g1annea treggeetitne biasing mderasRIntufet Sdriirianadvaulic
supports 81¢4n8d & Sathihe hydoaissyperEs ik, GHemay prdusmhefixed ie eohasemate 818.

5The two rotatable cylindrical rollers 804, 806 may be spaced slightly apart when connected to the
axle 808 such that the rollers 804, 806 may not slide along the axle 808 nor interfere with each others
rotatiorPas they rotéfeeraridee sertiotiindigpibbable 386 dtatatitswn roaitionst speedndhe

hydraulic suppests %éﬂq;ﬁ#%guﬂn@ﬂl 1308 36MmsIN ddh%@&ﬁbﬁﬁﬁtﬁbthsﬁg@r@bbe&riﬁ@dsml FT}I, rréay be
10 interconnected via a aulic line. (not shown) connected between respectiv. raulic fluid ports
51700 i 8y LR LTSRS0S B A Sk e e St L AP HLR e ch it a
the hydraulitysapplets’P48tiE2axial doagracirmandhsystart besrisiiowajaro mgsishegdistribitdedssemblies

802, may cqllagtivedyr toradaiiastneusisiesvinewnichdhe dyesaulicyparRmes Sk §lfdnayeds work in
a coorg(li)nated manner, keeﬁ)‘ thte Xe{t'g:al C Iindri§al tugeth506.st ionatr hile tr#e floating, platform
may roll or ﬁ%ﬁ "GRdef he''|})re\(/eauhin(j3 weather cofdiions. <" PAIhen e v%'r%eﬁucyﬁ?%srica urret 506 is
mounted on/ efitfe beenvegteystettecaivhristygassrolieraassainbliefstiso 2osaichxinhtone fiafige 504 at
the upper the portion of the axial load supported by each pair of contacting surfaces 706, 708

may be translated as vertical load acting on the respective pair of surfaces. This
vertical load acting on each pair of contacting surfaces 706, 708 is denoted by Fv in
15  Figure 7.

in addition, when the floating platform rolls or pitches under the influence of
the prevailing weather conditions, the radial movement of the turret may cause
radial loading on the turret bearing system and this radial force may be distributed to
20  the groove type roller 704 of all the roller assemblies 702. As a result, the distributed
radial force may translate to a lateral force acting on the top of each groove type
roller 704 as denoted by Fh in Figure 7. This lateral force Fh acting on the groove
type roller 704 may create a moment of force M on the entire roller assembly 702,
which may be construed as a tendency to rotate the entire roller assembly 702, as

25 denoted by M in Figure 7.

As a result of the tendency to rotate slightly or tilt in the direction of the

moment M, the pair of contacting surfaces 706, 708 of the groove type roller 704,
which are in contact with the flange 504 of the turret shaft 506, may experience a

30 linearly distributed load (shown as load graph 724, 726) on each of the contacting
surfaces 706, 708 as illustrated in Figure 7. In this embodiment, due to the recess

710 between the contacting surfaces 706, 708, the linearly distributed load 724, 726

on each of the contacting surfaces 706, 708 may only possess slight linearity and

thus the load distribution may be approximated to a uniformly distributed load.



20 end of the turret shaft 506 sits on the cylindrical rollers 804, 806 of the rollers assemblies 802, the
axial load acting on the turret bearing system is distributed to the rollers 804, 806 of all the rollers
assemblies 802 in the turret bearing system. Each pair of rollers 804, 806 may assume a portion of the
total axial load and the portion of the axial load supported by each pair of rollers 804, 806 may be
translated 25 as vertical load acting on the respectjge pair. This vertical load acting on each pair of
rollers 804, 806 is denoted by Fy in Figure 8. When the floating platform rolls or pitches under the

influence of the prevailing weather conditions, radial movement of the turret 506 may cause radial 30
loading to th][(g lﬁgr'f’gf%géerir'lngesri/ss'%r?”l?g% ni'solrrrgﬁ1 aﬁ‘f%‘ifé%“Fﬁgj%aefcﬁé:‘h8&&%%8%??&?&@%64, 806 of
the roller asééfbiiss80R A datesalifothe disiribaterbradialdfmedomaybéviandltctadntatesay force
acting on thestepsofieasiRaisief-ialiets BRd. 896 as draated:hy: Riyin&iowee S ldysiatarahforce Ph
acting on eefcp r%?g of rollers 804 806,ma§ reate a momenagf forc?,\/l on the entire roller assembly
802, which GaR' A 8B e BReR e 8PRE% tBRMRS Q8 réthethe S HilgH S e by 862 285%enoted by
M in Fidure 'Betvsenrtsuload thtetsitdemcyaorofdte slighitgtogtitnfeties did6ctios oftheeSuttiament M, the
contact surfa¢est§iy BRFRIherRaleldeiers 804, BAGRISH Arereeantact witadhe flange 504 of the
turret shaft 506, may experience a linearly distributed load (shown as load graph 820, 822) on each of

the rollers 804, 806 as illustrated in Figure 8. In this embodiment, due to the slight spacing between
the rollers 804, 808, this |zrebelyitisttiohitée lomd8R0NB2RIoON, dheasftthe gohers804y/806 thé may only

possesses slight Qé‘@&ﬁﬁ(ﬁlﬂztmg therlgad UstehEioR OR ARG FAURERM, 806 may be approximated
er
/Aie

&
to an yniformly distributed load. ore the intensity of the uniformly distributed load 820 on the
contagtlasurface of thé? r6||‘é¥vgg2 é?%%? %2/@@ mas e BMH)’(W&%@ @43 #Aw3, while the

intensity of the uniformly distributed load 8222#iAhe) c8ntdefsuwtace of the roller 806 away from the 15
lateral force may be approximated to w3 - Aw3 as shown in Figure 8. The difference between the load
intensity on each oé_the rollers 804, 89?1 may result in a restoring moment M' created to counter the
moment M of the I{8F5 For0 Y of the digpiied BR%IANePRGF TRLSFINEY 2&BRUPBB 2 e restoring
moment M’ thie2@ttith rolléreagsernb|{y peasobier réptasetheddiytize fettdwirntpP2quaridre MBiat RAw3a(a/2 +
b/2) + 5 (5W@d2UAR B R A RTINS IR YR HDrR) e AUGB AR, AR BAWS@RHR 1bd2) Since the

linearity of the distributed load on each roller may be negligible, 25 assuming the width of each roller

804. 806 in TS 18ALr RESERHI SoPHAP B LGTG0 ARBIVRTS IR LR IRSIRSSAAPLN G roller
assembly, andtthe widtedhbetspsingesdtwben tiepnediareddy btntaleanuatidie adifiy oflithis width of

each roller, whileissping @ile dpressishd oadfansiantdhe equation of the restoring moment M’ of
the roller assembly 802 in this embodiment max/lb,e further re}aresented by the
2 =(28 AW2) )
20 = (2a° /9)(3Aw /2)

= (a° AW)/3

i

Thus, this embodiment may create a larger restoring moment under the

same conditions as discussed with respect to prior art system. At the same time, this

25 may be achieved while exposing the contacting surfaces 706, 708 to an almost
uniform load distribution across the span of each surface. One qualitative advantage

of this embodiment of the present invention would be that the roller assembly 402

may have a longer lifespan under the same operating conditions. This may give rise

to an overall improved functions and stable operation of the entire turret bearing

30  system, whereby the impact of radial movement of the turret to the rollers of the

turret bearing system may be minimized.

Another embodiment of the roller assembly is iliustrated in Figure 8. The

roller assembly 802 may include two rotatable cylindrical rollers 804, 806 supported



30equation below. It is understood that other dimensions may also be used M3' = Aw3(a2 + ab) =
(a2Aw /2) + (a2Aw /10) = 3 a2Aw /5 19 Thus, this embodiment may create a larger restoring
moment under the same conditions as discussed with respect to prior art system. At the same time,
this may be achieved while exposing the individual rollers 804, 806 to an approximately uniform load
distribution. One qualitative advantage of this embggiment of the 5 present invention would be that the
rollers assembly may withstand a significantly higher radial force before any permanent deformation or

damage to the rollers 804, 806 may_occur. At the same time, the rollers 804, 8 ave a longer
lifespan un(}) r?h%ogérr??gtg‘ ?é({?ng%ow fﬁgn@a sthe ?c’) rgm%ﬁgfn%%i Oé%%%@’:r%i#ttgr% not
repeatedly espRE sobirrverMesitbdistribiniopxarhidembydgired ¢isernpaats Gighall1 0Boipraved functions

and stable oRaratinn QiJhe-eMiire wHeckReanng-syeRe MBS INadiWEetgnay remain in its horizontal
plane regardless of the roll and pitch motions of the floating platform. Furthermore, the twin roller 804,

806 design of the rollers assembly 802 may provide additional advantage in that there is inherent
redundancy in the Theniver oftediels pytvitisa! Avistisededlvadtagepithepacdsddifivitiyofiteet 15

present iINVeyHian daNRe:thal the Bukebbsaling systen: makRretrraBbsnahieligiaoyragtional
radial beari becagig the ,rollffr assembl%? 02 in the embodiment of the precstent mvgntlon may be

sufficient andadequAte BS WS BEEERE NS o elRg AR s P RIS Bdeee PItBR . 20Figure
9 shows a floaycharaige0digtatatiagits wethodadions mfaeturéhef byrshetiassembly B4 ®ifet bearing

system accqIpgrin@neaxaMuNg embediment. Abstep A2, afist ardmgesoodipliends pprvided. At
step 994, an axle is provided. At 36%906, Hhe first and the second roIIge(rs are rotatably mounted on the

axle. ACstel 508N EEN o AeRnBVTEATTS praRidagt APSHY o1 RESXIRUIRSINtEF5ITING 25
biasing medhaiinic higrainrtheShisimgnibehbniseniic svarsdtd itk edlhedirdt sratitiee econd

rollers, and és$1ePROTHAY ShevdrSuic fuld WilkharRRPipaided y-aunerseppsidles s theart that

numerous vtaria'g[io(ggs and/or mtodifications may be made to the prelsent invention as shown in the
specific 30 BBoQRFERE MIFHET dBRARG Y CATBRPo P P E o AFRETADSRI0704s RGN Iy
described. Théestostnfeambadiments ayetameiefofachotbe tonsidéceduippaiitse8pécB1® beillustrative
and neiresiystive a coordinated manner to keep the vertical cylindrical turret 506 stationary

while the floating platform may roll or pitch under the prevailing weather conditions.

When the vertical cylindrical turret 506 is mounted on the turret bearing

system comprising of roller assemblies 802 such that the flange 504 at the upper

20  end of the turret shaft 506 sits on the cylindrical roliers 804, 806 of the rollers

assemblies 802, the axial load acting on the turret bearing system is distributed to

the rollers 804, 806 of all the rollers assemblies 802 in the turret bearing system.

Each pair of rollers 804, 806 may assume a portion of the total axial load and the

portion of the axial load supported by each pair of rollers 804, 806 may be translated

25  as vertical load acting on the respective pair. This vertical load acting on each pair of
rollers 804, 806 is denoted by Fv in Figure 8.

When the floating platform rolis or pitches under the influence of the

prevailing weather conditions, radial movement of the turret 506 may cause radial

30 loading to the turret bearing system and this radial force may be distributed to the
rollers 804, 806 of the roller assembly 802. As a result, the distributed radial force

may be translated as lateral force acting on the top of each pair of rollers 804, 806

as denoted by Fh in Figure 8. This lateral force Fh acting on each pair of rollers 804,

806 may create a moment of force M on the entire roller assembly 802, which can



20 CLAIMS 1.A roller assembly for a turret bearing system. the roller assembly comprising: 5a first and
a second roller; an axle on which the first and the second rollers are rotatably mounted; and a
biasing mechanism located between the first and the second rollers and supporting the axle. 102.The
roller assembly as claimed in claim 1, wherein a guiding arm is coupled to each end of the axle. 3The
roller assembly as claimed in any one of the preceding claims, wherein the two rollers are

independently rotatably mounted on the axle. 15 4. The roller assembly as claimed in any one of
the precedipg i, WSLeIN S HERIFRERIACHSS oIS e 248 B e diasngmsehenpm
M in Figure 8.

As a result of the tendency to rotate slightly or tilt in the direction of the

5 moment M, the contact surfaces 805, 807 of the pair of rollers 804, 806, which are in
contact with the flange 504 of the turret shaft 506, may experience a linearly
distributed load (shown as load graph 820, 822) on each of the rollers 804, 806 as
illustrated in Figure 8. In this embodiment, due to the slight spacing between the
rollers 804, 806, the linearly distributed load 820, 822 on each of the rollers 804, 806

10  may only possesses slight linearity and thus the load distribution on each roller 804,
806 may be approximated to an uniformly distributed load. Therefore the intensity of

the uniformiy distributed load 820 on the contact surface of the roller 804 cioser to

the lateral force may be approximated to w; + Aws, while the intensity of the
uniformly distributed load 822 on the contact surface of the roller 806 away from the

15 [ateral force may be approximated to w; - Aw; as shown in Figure 8. The difference
between the load intensity on each of the roliers 804, 806, may result in a restoring

moment M’ created o counter the moment M of the lateral force Fh.

In this embodiment of the roller assembly 802, the restoring moment M’ of
20  the rolier assembly may be represented by the following equation.
M3 = 2Awza(a/2 + b/2) + a(bAw; /2)(2a/3 + b/2) + a(dAws /2)(a/3 + b/2)
= Aw; (@° + ab) + 5Aws(a /2 + ab /2)

Since the linearity of the distributed load on each roller may be negligible,
25  assuming the width of each roller 804, 806 in the roller assembly 802 may be equal
to the width of the single roller in a single roller assembly, and the width of the
spacing between the rollers may be taken to be a fifth of the width of each roller,
while keeping all the forces and load constant, the equation of the restoring moment
M’ of the roller assembly 802 in this embodiment may be further represented by the
30  equation below. It is understood that other dimensions may also be used
M’ = Aws(a® + ab)
= (a’Aw /2) + (a°Aw /10)
=3 a’°Aw /5



5. The roller assembly as claimed in claim 4, wherein the U-shaped 20bracket is configured to be
receivable in a groove on the axle such that lateral movement of the axle is restricted. 6. The
roller assembly as claimed in any one of the preceding claims, wherein the biasing mechanism is
disposed in between the two rollers. 25 7. The roller assembly as claimed in any one of the
preceding claims, wherein the biasing mechanism igga hydraulic support. 8. The roller assembly
as claimed in claim 7. wherein the hydraulic 30support comprises an outer housing vertically moveably

mounted on a pistopy . 2 T ralier assembly as dlamed n clam, 8 wherein a gujde hearing
connects the outer housing ofethe%ydraullc sﬁ/ppor? o the p?s onto gwgerﬂﬁe kiR Rotidh of the
outer housirf@m21ce0ditieescifefiassesatiyilk Eaneedarrany asheystaiaifistiBeagairg, ivherdifsa split
retaining ringhay HaeseHigr RouUsing Shihedyyarais aHpporbliEnits the sodansionphtagieuignhousing as
1t moves Ve R S LR "URE ASSS RN AS SAIMEA N2, g A SRins 8 Lo §0, wherein a
S  present invention would be that the rollers assembly may withstand a significantly
higher radial force before any permanent deformation or damage to the rollers 804,
806 may occur. At the same time, the rollers 804, 806 may have a longer lifespan
under the same operating conditions as the roliers 804, 806 in this embodiment are
not repeatedly exposed to uneven load distribution. This may give rise to an overall
10  improved functions and stable operation of the entire turret bearing system, whereby
the turret may remain in its horizontal plane regardiess of the roll and pitch motions
of the floating platform. Furthermore, the twin roller 804, 806 design of the rollers
assembly 802 may provide additional advantage in that there is inherent redundancy
in the number of rollers provided. Another advantage of the embodiment of the
15  present invention may be that the turret bearing system may preferably not require
any additional radial bearing, because the roller assembly 802 in the embodiment of
the present invention may be sufficient and adequate to withstand both the axial

load and the radial load of the turret shaft.

20 Figure 9 shows a flow chart 900 illustrating a method of manufacture of a
roller assembly for a turret bearing system according to an example embodiment. At
step 902, a first and a second roller is provided. At step 904, an axle is provided. At
step 906, the first and the second rollers are rotatably mounted on the axle. At step
908, a biasing mechanism is provided. At step 910, the axle is mounted on the

25  Dbiasing mechanism, wherein the biasing mechanism is located between the first and

the second rollers, and is supporting the axle.

It will be appreciated by a person skilled in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific

30 embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.



cavity is provided in the piston of the hydraulic support, the cavity including a spring mechanism.

12. The roller assembly as claimed in any one of claims 7 to 11, wherein 10the hydraulic support is
configured for interconnection with other hydraulic supports to a shared source of hydraulic fluid.

13. The roller assembly as claimed in any one of claims 2 to 12, wherein each guiding arm is pivotably
mounted on a support frame_ 15 14. The rollgggassembly as claimed in any one of claims 2 to 13,
wherein a pair of the guiding arms is configured to guide the vertical movement of the roller assembly.
2015.A turr%é]%%@g system for a turret of a ship, the turret bearing system comprising a plurality of
roller assemblies as claimed in any one of claims 1 to 14, wherein the plurality of roller assemblies are
configured in use to be disposed radially around a moon pool of the ship. 2516.A method of

manufacture of a rpller agsesnbly Jasa-tuvetdearingsyseminthe Bethodomprsing sbesigps of:
providing a first and a second roller; providing an axle; rotatably mounting the first and the second
rollers on the axXie: 9"

5 a first and a second roller;

an axle on which the first and the second rollers are rotatably mounted; and
a biasing mechanism located between the first and the second rollers and

supporting the axle.

10 2. The roller assembly as claimed in claim 1, wherein a guiding arm is

coupled to each end of the axle.

3. The roller assembly as claimed in any one of the preceding claims,
wherein the two rollers are independently rotatably mounted on the axle.
15
4, The roller assembly as claimed in any one of the preceding claims,

wherein a U-shaped bracket couples the axle to the biasing mechanism.

5. The roller assembly as claimed in claim 4, wherein the U-shaped
20  bracket is configured to be receivable in a groove on the axle such that lateral

movement of the axle is restricted.

6. The roller assembly as claimed in any one of the preceding claims,
wherein the biasing mechanism is disposed in between the two rollers.
25
7. The roller assembly as claimed in any one of the preceding claims,

wherein the biasing mechanism is a hydraulic support.

8. The roller assembly as claimed in claim 7, wherein the hydraulic

30  support comprises an outer housing vertically moveably mounted on a piston.

9. The roller assembly as claimed in claim 8, wherein a guide bearing
connects the outer housing of the hydraulic support to the piston to guide the vertical

motion of the outer housing.



30providing a biasing mechanism and mounting the axle on the biasing mechanism, wherein the

biasing mechanism is located between the first and the second rollers, and is supporting the axle. 22

17. The method as claimed in claim 16, further comprising the step of providing a guiding arm coupled
to each end of the axle. 18. The method as claimed in any one of claims 16 and 17, wherein the

5two rollers are independently rotatably mounted oy the axle. 19. The method as claimed in any

one of claims 16 to 18, further comprising the step of providing a U-shaped bracket for coupling the

axle to the biasing1r61echemigrpd”%p sen’ .ggedg}%[g qnas cl%irr‘ne ir" cilain$19, WQemn the U-shaped
bracket is configured to be Fecenvable i aﬁroove O the A% LUerR it Tate a?'?ﬁo eMEAELY the axle is
restricted. 15 2PMthectagiRed g clkimée inway onevielaimtheehyird,livheverrtheibidsirthenechanism
is disposeddpibetwaen the dweralletsng as it moves vertically upward.

5 11. The roller assembly as claimed in any one of claims 8 to 10, wherein a
cavity is provided in the piston of the hydraulic support, the cavity including a spring

mechanism.

12. The roller assembly as claimed in any one of claims 7 to 11, wherein
10  the hydraulic support is configured for interconnection with other hydraulic supports

to a shared source of hydraulic fluid.

13. The roller assembly as claimed in any one of claims 2 to 12, wherein

each guiding arm is pivotably mounted on a support frame.

15
14. The roller assembly as claimed in any one of claims 2 to 13, wherein a
pair of the guiding arms is configured to guide the vertical movement of the roller
assembly.

20 15. A turret bearing system for a turret of a ship, the turret bearing system
comprising a plurality of roller assemblies as claimed in any one of claims 1 to 14,
wherein the plurality of roller assemblies are configured in use to be disposed
radially around a moon pool of the ship.

25 16. A method of manufacture of a roller assembly for a turret bearing
system, the method comprising the steps of:

providing a first and a second roller;

providing an axle;

rotatably mounting the first and the second rollers on the axle;
30 providing a biasing mechanism; and

mounting the axle on the biasing mechanism, wherein the biasing
mechanism is located between the first and the second rollers, and is supporting the

axle.



22.The method as claimed in any one of claims 16 to 21, wherein the biasing mechanism is a
hydraulic support. 20 23. The method as claimed in claim 22, wherein the hydraulic support
comprises an outer housing vertically moveably mounted on a piston. 24. The method as claimed
in claim 23, wherein a guide bearing connects 25the outer housing of the hydraulic support to the
piston to guide the vertical motion of the outer housjpg. 25. The method as claimed in any one of
claims 23 and 24, further comprising the step of providing a split retaining ring on the outer housing of
the 30hydraulic suq)?ortt limit the eﬁfdension of the oPt,er housin%as it moves verticaII%/ upward. 23

e

es p
26.The method as claimed i TR SNet HAIMEDS 1§28 1 fint pof

er comprising the s
providing a guiding arm coupled to each end of the axle.

18. The method as claimed in any one of claims 16 and 17, wherein the

5 two rollers are independently rotatably mounted on the axle.

19. The method as claimed in any one of claims 16 to 18, further
comprising the step of providing a U-shaped bracket for coupling the axle to the

biasing mechanism.

10
20. The method as claimed in claim 19, wherein the U-shaped bracket is
configured to be receivable in a groove on the axle such that lateral movement of
the axie is restricted.
15 21. The method as claimed in any one of claims 16 to 20, wherein the
biasing mechanism is disposed in between the two rollers.
22. The method as claimed in any one of claims 16 to 21, wherein the
biasing mechanism is a hydraulic support.
20

23. The method as claimed in claim 22, wherein the hydraulic support

comprises an outer housing vertically moveably mounted on a piston.

24. The method as claimed in claim 23, wherein a guide bearing connects
25  the outer housing of the hydraulic support to the piston to guide the vertical motion

of the outer housing.

25, The method as claimed in any one of claims 23 and 24, further
comprising the step of providing a split retaining ring on the outer housing of the
30  hydraulic support to limit the extension of the outer housing as it moves vertically

upward.



comprising the step of providing a cavity in the piston of the hydraulic support, the cavity including a
spring mechanism. 527.The method as claimed in any one of claims 22 to 26, wherein the hydraulic
support is configured for interconnection with other hydraulic supports to a shared source of hydraulic
fluid. 28. The method as claimed in any one of claims 17 to 27, wherein each 10guiding arm is
pivotably mounted on a support frame. 29. Thgzmethod as claimed in any one of claims 17 to 28,
wherein a parr of the guiding arms is configured to guide the vertical movement of the roller assembly.

15 26. The method as claimed in any one of claims 23 to 25, further

comprising the step of providing a cavity in the piston of the hydraulic support, the

cavity including a spring mechanism.

5 27. The method as claimed in any one of claims 22 to 26, wherein the
hydraulic support is configured for interconnection with other hydraulic supports to a

shared source of hydraulic fluid.

28. The method as claimed in any one of claims 17 to 27, wherein each

10 guiding arm is pivotably mounted on a support frame.

29. The method as claimed in any one of claims 17 to 28, wherein a pair
of the guiding arms is configured to guide the vertical movement of the rolier
assembly.

15



