1 MULTIPLE FLU D SW VEL ARRANGEMENT Fluid swi vels are commonly used in
of fshore i'nstallations to transfer fluids such as gaseous and liquid
hydr ocar bons bet ween underwat er pipelines or wells and a iﬁgﬁ man
applications, as where oil is produced fromseveral wells S(gdbﬂ g*
service lines are required, aunultlpass fluid swvel: is required. A common™
mul ti pass fluid swivel includes several swivels stacked on one anot her,
each including a ring-shaped outer wall that .rotates about a ring- shaped
inner wall, with a toroidal chanber between them The inner wall of the

| oner most swi vel s have | ar ge di aneter tentral holes t hrough whi ch verti cal
pi pes extend to the upper fluid swvels. As a result, the lower fluid

sw vel s I aQUTTOLE Forandawrveehamaaieruslir |arge diameter,  and
correspondingry Targe daranmerer seats. targely because of the need for large

di aneter | ower sw vels, common mnultipass f|UId smnvels are of Iarge

di aneter, |arge wei and large cost. For s g gr t o ei ght
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repl aced, sw vel's nust tor art whi ch | ong and
costly debdps. Im many, aBthﬁﬁllPrlﬁas@SS\MhﬁéTes 9ik| imlepradugeduwivoms f or

use in t'&%v@i%'lt 185 562! Sfigiail Gndy é@ﬁrbéeeltﬂh@ss‘ﬁz‘@lfe% §SFedi ng in an
even | ar nul ti pass ,sw vel .”_Vari ous attgnpts have been e to avoid the

di sadvan chi?"éﬁt Fylﬁ§édlﬁlﬁ?‘i‘b’a§§ t1 d &%W%FElt@és&pS;Baéh has
been to gsdvidieinkliadeispesvieiral ammwéta&k@moaf bnef anpehks, agathe ship
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shaped inner wall, with a toroidal chamber between them. The

inner wall of the lowermost swivels have large diameter
central holes through which vertical pipes extend to the
upper fluid swivels. As a result, the lower fluid swivels
require toroidal chambers of ° large diameter, and
correspondingly large diametei'seals. Largely because of the
need for large diameter lower swivels, common multipass fluid
swivels are of large diameter, large weight, and large cost.
For example, a common four to eight pass swivel for high
pressure fluids (e.g. up to 6,000 psi) for coupling pipes
having inside diameters of up to two feet, may weigh up to
200 tons and cost several million dollars. If one of the
seals leaks and must be replaced, the stack of swivels must
be torn apart, which leads to long and costly delays. 1In
fact, some multipass swivels include extra swivels for use in
the event of a seal failure, with the extra swivels resulting
in an even larger multipass swivel.

Various attempts have been made to avoid the
disadvantages of currently used multipass fluid swivels. One
approach has been to use flexible pipes that are wound on and
off of spools as the ship weathervanes. U.S. Patent
4,915,416 by Barrett shows one example of this approach. In
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2 practice, so called "flexible" hoses are not very flexible, and nmust be
wr apped on targe dianeter spools, all resulting in |arge dianeter and
costly swivels. Anothér approach which is described in Norwegi an patent
885, 304, by Paasche et al uses pairs of 2o0ong flexible hoses extending from-
each pipe on the ship, with the hose ends bei ng detachably connected to

couplings_on a.nonrotatable tyrret that is anchored to the sea floor. Were
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enabl ed rimdgescribedt dnt Moxiédbarnpatientd 888 306 bpr Paaischenase cagnd
repairs, | t eaki gl d opnsiderabl e val ue.
Accor di ng ye,é &#eﬂgsr g\sﬁ%on%\#é’%g& é’nil%p?‘%\%e%s‘?&?éh%&:ﬁ% g\%ﬁ\%‘eggggpg?gﬁugnas set
out in atthehedip} awith the hase cemdasbeing detacheddyt donreted poovi des
a fluidt & NShakata Lo, at ed.cl gl ' third
aspect th% ié?é% ?ﬁvénhﬁ?ﬁ&eﬁugu%?ﬁo%ﬂ?gr 'dLFI ggﬂ\ndr?g?%‘ uﬁ"cf5 r;1*'5~,‘ﬁ1‘saet out
i n attacHigr dlAan-16Whereahighdaressurenhydsoeasbansenussibe irarriednt

inventiongyifdpid SVé¥BblenNGEes L@fésn@ﬁos)’éﬂfdfié’ﬁl‘ifﬁpléé‘%ﬁe*%&é{:y
stationary pipe extendi ng ugﬂ&ron1an underwat’er_location, to a Totatable
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t hat can rofate about .the pivot .axis an 1.th, an outer end,_ At | east two
1 d couplTis ATEANASHENT oHPLAD SHERdark] Ui aRtueleongt a RAGEIEEL0 ot
| east’ onediametengantiveyrabied zdpdyerdccess heooutles d@hffetehke £Xudd The
out er em%dqvéﬂg ¢6% 'waintenance and repairs, as in the event of
leaking seals, would be of considerable value. '

Accordingly, the present invention provides a
fluid swivel apparatus as set out in attached claim 1.
In a second aspect, the present invention provides a
£luid transfer inshlation as set out in attached cléiﬁ
9 and in a third aé?ect the present invention provides

a method for flowing fluid as set out in attached claim

16.

"In accordance with one embodiment of the present
invention, a fluid swivel apparatus is provided for coupling
a largely stationary pipe extending up from an underwater
location, to a rotatable pipe on a ship that can weathervane..
The fluid swivel has a largely vertical pivot axis, and
includes a fluid-carrying arm with an inner end that can
rotate about the pivot axis and with an outer end. At least
two fluid couplings are mounted on the ship and arranged
along a circle so at least one coupling always lies adjacent
to the outer end of the arm. The outer end of the arm is
detachably connectable to the couplings. When the ship has
weathervaned so the pivoting arm is apprdaching'a position of
interference, the outer end of the arm is detached from a
first coupling, the arm is pivoted into alignment with a
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det achably connectable to the coupllngs Vhen the ship- has meathervaned so
the pivoting armis approaching a position of interference, the outer end
of the armis detached froma first coupling, the armis-pivoted into
alignment with a 3 second coupling, and the outer end of the armisg
attached to the second coupling to flow fluid through it. Two pivoting arns
can be attached to the fluid swivel, so that while the first armis being
det ached and pi voted to anot her p05|t|on fluid can continue to flow
through the second arm In another arrangement, an accumulator is
provi ded al ong the stationary pipe, o receive fluid during-the tine when
the armis disconnected and pivoted to another position, so that flow from
an undersea well continues uninterrupted. In an arrangenment where the fluid
swi vel nust be spaced fromthe axis of rotation of a turret to which the
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a part Buiveldese| shati yhideekhef farstupymt Aignbrdng detalched endconst ruct ed

In accga@aeea ¥t BnekaeeniediiFesh, Of1uka eaﬁseehﬂlm@n%%zogl g. 21is a
I sonetric view of a ortlon of the nultipass fluid swvel of
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3 bUtf1u1d during the time when the arm is dlsconnected and _ o’

pivoted to another position, so that flow from'an undersea

well continues uninterrupted. In an ;rrangeﬁent where the

fluid swivel must be spaced from the axis of rotation of a

turret to which the fluid swivel and stationary pipe are
attached, the arm can include two pivotally connected links.

The novel features of the invention are set forth

with particularity in the appended claims. The invention

will be best understood from the following description when

read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial side elevation view of a fluid
transfer installation constructed in accordance with one
embodiment of the pfesent invention.

Fig. 2 is a simplified isometric view of a portion
of the multipass fluid swivel of Fig. 1.

Fig. 3 is a plan view of the swivel of Fig. 2, with
the ship heading in a particular direction. _

'Fig. 4 is a view similar to that of Fig. 3, but
after the ship has pivoted 90° counter clockwise. :

Fig. 5 is a view similar to that of Fig. 4, but.
after one arm has been turned 180°.
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after the ship has pivoted [err] counter clockwise. Fig. 5is a view
simlar to that of Fig. 4, but after one arm has been turned [err] 4
Fig. 6 is aviewsimilar to that of Fig. 5 but after the ship has turned
count er\.el ockwi se by another [err] Fig. 7 is a nore conplete isonetric view
of the fluid swivel of Fig. 2.:-Fig. 8 is a side elevation view of the fluid
swivel of Fig. 7. Fig. 9 is a sinplified isonetric view of a fluid sw vel
apparatus constructed in accordance with another enbodi nent of the

i nvention, which includes an accunulator. Fig. 10 is a partial isonetric

vi ew of nechanisnms of the fluid swivel of Fig. 2, showing the arm
approaching a position in alignment with a fluid coupling. Fig. 11 is a
partially sectional side view of the apparatus of Fig. 10, with the armin
alignment with the codlgngébiis motviest sinidkamdtohthetoofFiRig.l125) sbat

partial iso rJ ' f. | 4V, t . C Lt h
anot her enbodi r?elﬁtt\ﬂoe?\gt & ?}#'e;%‘%)rﬁéﬁ %“ﬁ%iésfgé%‘glr éllat?fm q%égggv%i on
view of the fluid sw Fdigof7 Fig. aimong gconplete aigpmatyiewvdew laf f thed

swivel of Figdyil eivel o Fig. £ plan view of a fluid swvel
constructed. i n accordance w th anof her enbodjnment, of the invention.

DESCRI PTI ON OF THE PRERERREDLIEVBHIMEGASLYRGLON ViegW, of bhesfhuid swivel
transfer sysifemidd 7. ' T

Fig. 9 is a simplified isometric view of a fluid
_ swivel apparatus constructed in accordance with another
1 embodiment of the invention, which includes an acoumulator.

Fig. 10 is a partial:isometric view of mechanisms
of the fluid swivel of Fig. 2, showing the arm approaching a
position in alignment with a fluid coupling.

Fig. 11 is a partially sectional side view of the
apparatus of Fig. 10, with the arm in alignment with the
coupling but not yet attached thereto. '

Fig. 12 is a partial isometric view of a fluid
swivel constructed in accordance with another embodiment of
the invention.

Fig. 13 is a partial side elevation view of the
fluid swivel of Fig. 12.

Fig. 14 is a plan view of the fluid swivel of Figqg.
12. | '

Fig. 15 is a plan view of a fluid swivel
constructed in ‘accordance with another embodiment of the
invention. o |

DESCRIEEION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a fluid transfer system 10
whereiri fluids such as gaseous and iiquid hydrocarbons from
underseé  wells are transferred through a  group of
substantially stationary pipes 12 to a group of rotatable
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wherein fluids such as gaseous and |iquid hydrocarbons fron1undersea meIIS'
are transferred through a group of substantially stationary pipes 12 to a
group of rotatable 5 pipes 14 leading to the hull of a ship 16. The
flow direction can be in the reverse direction, as in the case of subsga
wel |l injection or service, or unloading of a tanker. The upper portions of
the stationary pipes 12 extend al ong qui escent substantially verti cal
positions, although they may tilt frémthe vertical, rotate and nove
sidewardly, but all in limted anounts. The ship 16, on the other hand
may weat hervane, wherein the ship turns about a vertical axis 22 in
accordance with changing mﬁnds maves and currents. A nultipass fluid
swi vel apparatus

i s n subs ant | atignary turret
26 t hB1P{%in 14y e%ﬁﬁ‘qﬂl%%b@an ﬁ})‘:@t af’%or?ar? t he i'% wedt her vanes
about idirddtior? ddrl wsd riat eaearpvetrsendd)i'ectisom Lasl i tiee mmr&ﬂ us 24
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36 connggt ﬂm&eeah%xdow&r .endrgg gnlapfisstoar BnéO/otHde hanar e 38 of
the first armextends al ong.the pivot axi's and al lows the arm40A to

pi vot MRAFNEREANSH é"’"’?}'elnﬂ#@er & 1@ FPrHst %?‘”é'ﬁoa Merhiedk a%i® 4fhich |ies
furt heSinféeﬁbi‘dauSé\ll with ashang2ngi windspevaeds| oandf icustrehitsi.d coupl ing,

44A The {éfﬂ:zgssc oY ﬁﬂ? 4s%ﬁ&eolnneacﬁp§azta%us 24 is mounted on a
substantially stationary turret 26 that «can remain
substantially stationary while the ship weathervanes about
it. o _

| Fig. 2 illus.trates a portion of the fluid swivel

apparatus 24 which con.nects a stationary first pipe 12A _which

extends from a deep underwater location, to a rotatable first

pipe 14A that rotates about the vertical axis 22 with the

weathervaning ship. The apparatus includes a first fluid

swivel 30A whose pivot axis 32 is coincident with the pivot:

axis 22 of the turret. The swivel has a body 33 with a first

port 34 connected to the stationary first pipe 12A. The _

swivel has a second port 36 connected to the inner end'38 of o/

a first arm 40A. The inner end 38 of the first arm extends

along the pivot axis 32 and allows the arm 40A to pivot abo_ut

the axis 32. The radially outer end 42 of the arm, which

lies furthest from the swivel axis 32, is connected to a

first fluid coupling 44A. The fluid coupllng 44A connects to

the rotatable first pipe 14A.
~ -The apparatus includes a second stationary pipe 12B

which extends beside the first pipe 12A but extends to a

greater height than the f:.rst pipe. When the ship turns far
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the rotatable first pipe 14A. The apparatus includes a second stationary

pi pe 12B whi ch extends beside the first pipe 12A but extends to a greater
hei ght than the first pipe. Wen the ship turns far . enough that the arm
40A appieaches the second pipe 12B, there is danger that further ship :
rotation could cause interference of the armwith t he .second pi pe, |eading
to damage to one of them To prevent such interference, the outer end of
the arm 40A is disconnected fromthe first coupling 44A, and the armis
pivoted [err] to the position 40x wherein the outer end of the armis
aligned with a second fluid coupling 46A. The outer end of the arm40x is
then connected to the second coupling 46A which is connected to the
rotatable first pipe 14A The couplings 44A, 46A are |ocated on an

i magi nary ciemcheyM&hatothecarnhe40A iappraachdss the setbnd, pipe HEiBplthddali d

i vel 30A th
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nost appl i cgtd ?ﬁ Sotidd 180 ¢b ﬁheegbéﬁ@isnt@ommfé{h AHO WO ehd lgpv of
fluid throu he statlonar%;ﬁg g@ﬁhZA That Is desjrable to avoid an
(0]

interruptio h@f 3N, 4 f RO%HE t fle §RGRNd dﬂ"Hfb CouRtiRg $fAper RS a
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ot e e gtk SRR e ke BRR Y 450 el Ree S i,
second arm 33A.t haThescouplings 44A, 46A are 1ocated on an imaginary
circle 48 whose center lies on axis 32. Thus, the simple
fluid swivel 30A with the pivotable arm 40A thereon which can
connect to either one of two fluid couplings 444, 46a,
enables the fluid swivel 30A to be always connected to the
rotatable pipe 14A on the ship, except for brief interruption
periods. These brief periods are the periods of time that it
takes to disconnect the end of the arm 40A from one coupling,
and rotate the arm into alignment with the other coupling and
connect it thereto.

In most applications, it is highly desirable to
maintain a continuous flow of fluid thfough the stationary
pipe 12A. That is, it is desirable to avoid an interruption
of fluid flow through the pipe, during a period of perhaps a
minute that it takes to disconnect the first arm 40A from one
coupling, rotate the ‘arm, and reconnect it to another
coupling. To avoid such interruption, the fluid swivel 30A
is provided with a third port 50 and a second arm 52A that is
connected to the downwardly-opening third port 50, with the
inner end 54 of the arm 52A being pivotable about the pivot
axis 32 of the swivel. The second arm 52A has an outer end
56 which connects to a first lower coupling 58A. During the
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connected to the domnmardly opening third port 50 mnth the I nner end 54 of -
the arm 52A bei ng pivotable about the pivot axis 32 of the swivel. The
second arm 52A has an outer end 56 which connects to a first'lower coupling
58A. During the 7 time when the' first or upper arm 40A is pivotedrom
the position 40A to the position 40x, flow through the pipe 12A can
continue by passing the fluid through the sw vel 30A by way of the second
arm 52A and the fluid coupling 58A to the rotatable pipe 14A. As the ship
weat hervanes, it can pivot to a pos7tion wherein the second”"arm 52A is
“in danger of interference with the pipes 12A, 12B. To avoid such
interference, the outer end of the second arm 52A is disconnected from
the coupling 58A, rotated [err] to the position 52X, and connected to a

bl ot GG HPERL st ek O Bemet Sl T oi®: KAVeRRd ohEom "ERe' 7ot 2t il ¢
pi pes pbshtlohe4%h|pomehehp¢saheen EhxtofiowatwmmuQMChhaspoe 1BA are
provi degnaépﬂalﬁaé%gt A S0En G 0L | Boid St Gl he 0591901 T sdhdpyhen thal

arm or cou s n correspondi n coug ng or arm Figs.
3-6 wamgfr‘ébe $ROPRG XM 5 A s etheofluid roup $hetahthe
meatheggegggblgﬁglpg §h@m5 the fluid swvel in the orientation shown in
solid lines in headi ng j,n the direction 70 and with

Hé‘ % h the shhg
the fluid swivelASr ddi%0&N18, AWeBHRETYERSPo tHe 3N dPAYRH i s 24A, 58A
The ot pesitiohd wivemeimgtWHA ssubfiDAaame SoAonhect gn. &apgge® sbpws t he

arrangenent .after the shi has Lvate 6£err ount I ndi cat ed

by arr 6% 75fe§%n??te thfT%p ftad Rgﬁdlg éé di rg‘gtl%gglﬁﬁnd %%gd by agrpw
interference, the outer end of the second arm 52A is
disconnected from the coupling 58A, rotated 180° to the
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position 52x, and connected to a second fluid coupling 60aA.
Thus, by using two pivoting arms, applicant is able to
maintain continuous fluid flow through the stationary and
rotatable pipes while the ship weathervanes. Shutoff valves
such as 61 - 64 are provided along each arm and coupling, to
stop the loss of fluid when that arm or coupllng is not
connected to a corresponding coupling or arm.

| ' Figs. 3 - 6 illustrate how the fluid swivel 22 is
operated as the ship weathervanes. Fig. 3 shows the fluid
swivel in the orientation shown in solid lines in Flg. 2,
w1th the ship heading in the direction 70 and with the fluid ;;.
swivel arms 40A, 52A connected to the fluid coupllngs 444,
58A. The oﬂher fluid couplings 46A and 60A are unconnected.
o Fig. 4 shows the arrangement after the ship has
plvoted 90° counter clockwise as indicated by arrow 72, so
the Shlp is now headlng in the direction indicated by arrow
74. The arms 40A, 52A continue to be connected to the
couplings 44A, 58A. However, in Fig. 4 the arm 52A has
tﬁrned far enough that it is in danger of interference with
the first stationary pipe 12A if there was any further
counter clockwise rotation of the ship. To prevent this, the
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74. The arns 40A, 52A continue to be connected to the couplings 44A, 58A.
However, in Fig. 4 the arm52A has turned far enough that it is in danger
of |nterference with the first stationary pipe 12A if there was any further
count er ‘&l ockwi se rotation of the ship. To prevent this, the .8 arm 52A.
Is rotated clockwi se, as indicated in Fig. 5 by arrow 76. The arm whi ch
was originally at 52A has been rotated [err] to the position 52x, and has
been connected with the fluid coupling 608 This avoids interference
between either of the arns and’the stationary pipes such as 12B. Fig. 6
shows the fluid swivel after the ship has rotated another [err] indicated
by arrow 80, so the ship is headlng Iin the direction indicated by arrow 82.

At this tine, HS ug er arm _40A .is approaghing a position of
i nt er f er ence 2% RPn ?ﬁﬁ?ﬁﬁh°1°ﬁ¥W%ﬁﬁ'dthF§leﬁ€e§rHP45H?céﬁhﬁéarrow

d|scgnnectedvtrommﬂhuﬁiﬁgwﬁﬂéh wg%abedﬁﬁﬁhmhqlhﬁf%?ﬂ“h&ﬁtbaénOEdﬁwH&%84
to the posit nd connected_to the.couplin otatjon.o

t he pi pes byhﬁgr r] céﬂ‘ %%% g%ﬁﬂ apgd %&ir?éﬁﬂcﬁ%ﬂW§% n¥1tBobReer
cl ockwi se di rféuudoqeuplmngesmu c:rmts aveusis limteriferende befiveen edithert ed
weat her vani nge Oft hSrﬁFaEPd%hgogtﬁgzoﬂgfg é!ﬂggst Mchoya! hggs can be

provi ded for eac prvo e arm are nore conplete views of
the nultipass fluid swhigh épﬁ@puﬁu§hg4flMﬂdﬂﬁWtEﬁhd%%tehetherShlplhas

swi vel  30A %bﬁﬁt&&”'&%&%e@%d‘" r:’fﬁ dﬁﬁaaééd)r@iy BrBE B0 I o i’z{: EgrSt

arnms 40A, 52A. _The gpparatus. inc hree addi tional’ flui
30C and 30D RRPEANFoHRectRe odikecbien hipdiratrenkty rpee 828, 1&@ shds12D,

The NLui d sweipks 36e aNhpXC ard Sibhl aist appgoddhfigone pRAitTeal be.
the second Sm”%erfeggnégcaggﬁstge kéeO{ZSUbs$gnébg£éythls, the arm 40A
can be disconnected from coupling 44A, rotated 180° in the
direction of arrow 84 to the position 40x, and connected to
the coupling 46A. The rotation of the pipes by 180° can be
accomplished in both clockwisé_ and counter clockwise
directions, to permit continuous fluid flow throughout
unlimited wéathervaning of the ship. Of course, more than
two couplings can be provided for each pivotable arm.

Figs. 7 and 8 are more complete views of the
multlpass fluid swivel apparatus 24, which includes the flrst
fluid swlvel 30A which connects the first stationary pipe 12A
to a pair of first arms 40A, S52A. ‘The apparatus includes
three additional fluid swivels 30B, 30C and 30D which connect
to three other stationary pipes 12B, 12C and 12D. The fluid
swivels 30B and 30C are similar to the first one 30A. That
is, the second swivel 30B includes a pair of substantially
rigid pivoting arms 40B, 52B that have pivot axes coincident
with the axis 22 of the turret. Also, each upper arm 40B,
40C is detachably connectable to either one of two upper
fluid couplings 44B, 44C or 46B, 46C. Similarly, thé lower
arms 52B, 52C are connectable to either one of two Couplings'
58B, 58C or 60B, 60C. All couplings lie substanﬁially on-the
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rigid pivoting arnms 40B, 52B that have pivot axes coincident with the axis’
22 of-the turret. Al so, each upper .arm 40B, 40C is detachably connectabl e
to either one of two upper fluid couplings 44B, 44C or 46B, '46C. o
Simlarly, the |lower arns 52B, 52C are connectable to either one of tyo
couplings 58B, 58C or 60B, 60C. All couplings lie substantially on the 9
i maginary circle 48 as seen in a plap view of the apparatus. The uppernost
swi vel 30D includes a single fluid-carrying arm90 which is

substantially permanently connected to a stationary pipe 14D. This is
possi ble for the uppernost sw vel 30D, because there is no stationary
vertical pipe extending to the sane |evel or higher than the I evel of the

arm 90-inE!g@na§yi civeteasesasnsebnr ihl ui%)g::\/iwﬁédw app e lﬁﬂa&_ﬁﬂwloggovi dgs
a connectl on_between_ a, stat ar Rl pe \_a roga e. Pl pe , an
whi o @ DHRSTHORE, 4 eef D 106 MistAe5 S ofhs) B e fr dRreias im0, when

t he shigw t evhifchch ishe subs&baltlialiiype pefarientdiyt acturtheatEdt ¢ s@ t hat t he

arm 11Q,i S sit f.pRterf ce WL Js i pe. 1028, ﬁﬂ; end of
the ar %tr?l?éto%g‘?rg?pg{c%ér)mgﬁéd f‘ﬁ)%]g Eg é)‘%p llri’enieolﬁgr Qé?r |J#§et e.sfeclrrre t hat
it takewivel 13D arhecavseo theneot 48 edd] e?tationaryl verkamalvinipeaanot her
coupl i Rk iagd te0RRRC LAl 187210 oxt MaighdrS than ltai Uvghh g hgd Ot at abl e
pi pe 104A. However, flow through the stationary pipe 102A can conti nue,
becaus@@h %Qccunul ator 116 is connected to the pipe 102A. Accunul ators are
wel I known devi cgdigt.hat iMukstratee andthieredlatdl dwislelfl lapphratus
accunulator.allowing.fluid to continue . to flow fhrough the pi O2A up to
t he acé@r?u%gﬁgrpr% d%%&ﬁﬂn&egglg%%ggwge& ﬁp?%aé{‘?ﬁ%ﬁ% R-J:é)ﬁ(e‘}ﬁé a devige
for fl andng kbtatablekpipéolod®, pame winbeh includes a fluid swivel

106 having a single rotatable arm 110. When the ship to

which the rotatable pipe 104A is attached, rotates so that

the arm 110 is in danger of interferénce with the pipe 102B,

the outer end of the arm must be disconnected from the

coupling 112. During the time that it takes for the arm 110

to be rotated 180° into alignment with another coupling 114

and connected thereto, there is no flow through the rotatable

pipe 104A. However, flow through the stationary pipe 102A

can continue, because an accumulator 116 is connected to the
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pipe 102A. Accumulators are well known devices that will
store a limited amount of fluid, the accumulator allowing i
fluid to continue to flow through the pipe 102A up to the g)
accumulator. The accumulator can be a simple storage tank
and a device for flowing fluid back into the pipe once
connection is reestablished. In some cases, the flow can be
stopped, and an accumulator is not requifed. |

_ After'the arm 110 has been rotated and connected to
another coupling, the accumulator 116 slowly expels the fluid
that has been accumulated in it. A wide variety of
accumulators are available, inclhding those with a piston
that moves along a cylinder to store additional fluid in the



B R e L R R By T SRR DYV T WY W U A P U

conhnection is reestablished. In some cases, the flow can be stopped, and an
accunul ator is not required. After the arm 110 has been rotated and
connected to anot her coupllng, the accunulator 116 slowy expels the fluid
t hat hdss been accurmulated in it. A wide variety of accumul ators are
avai l abl e, including those mnth a piston that noves:along a cylinder to
store additional fluid in the”™ cylinder when the pressure applied to one
side of the piston increases beyond a pregﬁtern1ned | evel , the piston being
bi ased in the opposite direction to expel “fluid when the pressure drops
below the predetermned |evel. O her accunul ators are avail abl e t hat
can be switched between storage and depl etion nodes at given tinmes. Figs.
10 and 11 illustrate mechanisns for rotating the arm 40A (earlier discussed

i R connect LoathaeEi @heR) thet preksgpaeappli bl aomlém%&w pAtdtsi ng
t hem t oget he

r rollers 120, ((Fi 10 ed on the arm 40A-
and support ?ﬂ@rﬁgﬁﬁﬁn%ﬁé‘?’? uFarszﬁ"dfc(ﬁ{e’%W?%a?evg %dpbﬁEPﬂebﬁﬁW and
rot at es vvidt hbitsed Amothe b’;‘:@osutechiartéo:tidne abmeﬁpeaﬁsfmmEWhgiiG auwht
I S engage ot rac t t tr 1 Thus,
when t he not ?Esgug§er§?§€8 tg #%gh Q zé%%f§§&%@ﬁ%douﬁﬁw'§ﬁd of%& Tarm
is noved aloagcumalatpcalaarera@hllsblﬁhathat can bbenoseitched dletwesmt
with the COUEEnggé4éndAdQ gl i ﬂtm$§%sd§%e Erﬁl the notor, is engaged

with a power an ontrol ack 34 t hat . ext ara el to the support

track 122. The power tFagR-132 and Jalﬂa]t#u%#rqféﬁvwftadg’éﬂ% fer xotasing)

conductors 1gRe hdh 4val Féﬁfyléﬁmaiséﬁsbéa ol onridtit ForfOwieR PNg, Op)nore
contiygl conductors £40 t hat carr contr ol nals_to Hye not or. and that can
carry si gnal $9FPord ?@Tﬁgt(rﬁﬁ h&wnFOBRL Pﬁ afff and attaching them

together. A pair of rollers 120 (Fig. 10) are mounted on the
arm 40A and suppbrt the arm on a circular track 122 that is
mounted on the ship and rotates with it. A motor 124
attached to the arm drives a gear 126 that is engaged with a
toothed rack 130 that extends along the track 122. Thus,
when the motor is energized to turn the gear 126, the outer
end of the arm is moved along the circular track, so that it
can be moved into alignment with the coupling 44A. A brush
set 132 depending from the motor, is engaged with a power and
control track 134 that extends parallél to the support track
122. The power track 134 has a pair of low voltage (e.g. 24
volts) conductors 136, 138 that carry power to the motor, and
also has one or more control conductors 140 that carry
control signals to the motor and that can carry signals from
sensors (not shown) on the'arm. )

When the arm is pivoted to a position aligned with
the coupling 44A, as shown in Fig. 11, the coupling is
operated to complete the connection. The coupling 44A
includes an extendable coupling part 142 that can be moved in
the direction of arrows 144 by an actuator 146 (that may be
hydraulic or electrical). When the actuator moves the
exterior coupling part 142 towards the outer arm”end 42, a
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When the armis pivoted to a position aligned with the-coupling 44A, as
showmn in Fig. 11, the coupling is operated to conplete the connection.

The coupling 44A includes an extendabl e coupling part 142 that can be noved
in the direction of arrows 144 by an actuator 146 (that may be hydraulvc or
electrical). When the actuator noves the exterior coupling part 142
towards the outer armend 42, a pair of Orings 150, 152 forma fluid
tight seal against a flange at the B¥mouter end 42. A fortified |location
along the tract 122 and a backup bl ock 154 can be provided to withstand the
force on the armouter end. An extendable and retractable pipe end is

manuf actured by the Vetco Conpany. The use of a relatively sinple fluid

swi vel 30A provides ready access to the body 33 of the fluid swivel. If
seal s path af 062ipgsoAs0delSd ifprm & Jr%n“—legaht reSfl cagainstk aing 164 to

renoveei Dab NAET tREUa 2R Bﬁtéf‘eeﬂ&”hﬁronht ?8r@9§¥e§3loé§@i@x?eafé}§1 damaged

seal 162, re| nsert the armend 38, and refasten the |ock rin Ready

accessth® Xxpctndl2d ERE BodPackyp PH@CM Y savebe Brovide ar‘?% t her eof

makes ﬁﬂ@ﬁstaﬁacfhsaﬁﬁéet&@rtﬁh?r&h@fw&r led, aCAn éxbdidepid Wrl swi vel
r Qv e all t hese parts can

dy, d of
be | uehePEafEable chhns thanlF BRRyPErDhaeR oRE: tie Vet R GRARAT: ¢ ne
appar atus. The bDhlg B8eamdt s&arelaﬁiveiyablmpllal (flswdveslws.\mle AgAarel atively
11 d] . ' [ f foot, th
ody 0t SYEREE oy SRS o Sherpbldiny' 4 e TEAATRRELSPL BE TODt, the
nmor e tﬁeallabsuchoae anad MON@I fdeffestivehi @ Gorkpanc eapamskove @i or art
mul ti pASSkfLihd Byl ed Srem &H8 e hd BBO¥EJERE AAf gﬁeﬂﬂea&?é er _hol g _jn

the flurd swvel for passing several g pes, can result 1nt need for

seal s BPA¥edr aFeF%%‘Ped'FB?m %‘Fa‘F?‘?nﬁe 1ot RN fhey@rm end

38, and refasten the lock ring 164. Ready access to any one
of the bodies of the fluid swivels and the arms thereof makes
repair much easier than hefetofbré. In fact, a spare fluid
swivel body, arm, and fluid coupling can be provided, since
all of these parts can be identical for other identicaliy
sized lower fluid swivels of the apparatus. The body 33 and
seals 162 of all fluid swivels are of relatively small
diameter. For example, for a flow line of a diameter of one
foot, the body 33 of the fluid swivel and the.seals 162 need
have a diameter of no more than about one and one half feet.
This can be compared to prior art multipass fluid swivels,
where the need to provide a large diameter hole in the fluid o/
swivel for passing several pipes, can result in the need for
seals of several feet diameter lying in inaccessible areas.:
The fluid swivels can be configured to allow pigs (cleénihg
véhicles) to pass through at least one arm of thé swivel.
The above described fluid swivel apparatus uses
rotatable arms that pivot on an axis coincident with the_éxis
of the turntable with respect ‘to the Ship. In many
situations, it is highly desirable to leave a region at and
around the turret axis free for workover and drilling. _Fing



The fluid swivel s can be’ configured to allow pigs (cleaning vehicles) to
pass through at |east one armof the swivel. The above described fluid
swi vel apparatus uses rotatable arms that pivot on an axis coincident with

the axi swof the turntable with respect to the ship. I n many
situations, it is highly desirable to | eave a region at and around the
turret axis free for workoverand drilling. Figs ‘12 12 - 14 illustrate
anot her fluid swivel arrangement 170 thatipeaves an area at and arqund. the
turret pivot axis 172 (Fig. 12) free for other operations. The appar at us
I ncl udes several fluid swvels, with one of the swivels 174 shown in sone
detail. The swivel 174 includes a body 176 and upper and |ower arns 180,

182 extending fromthe body. The inner ends of the armare pivotally
connect ed to Xhe Bédillustzeset anathersflgid Shivebparrangenent 4 itathadf

fiuld carryi N@dvelkaplitenl 82 BRA a2bangl VoL ALY SOPRREDL RO AROU

an upper arm axi s . |l ower arm 1 fluid-ca
links 192, 1921 hﬁFeﬁr ef?)‘F V(?ct&elry EBﬂﬁ%E%@asabou?ha I%r%?‘%ﬁ aineludes The

gset of twg Flg&@t"’lﬁy ﬂ%@@ﬁﬁré%ﬂ?&l&h Meh oFf 'Ehept%:n&‘vfeigchqwbﬁﬁgﬁ; 1}12?6
i stance between nd o s attac _ 0

and the outqugﬁjqﬁi ¢ payi %h fiﬁa}?giW%ﬂst% 993 Fggcﬁﬂ IPRQerThe
oEter end 20@ndf llfdwexula}mfs amso, C&Jﬂﬂ)gxﬁt@tﬂdhqbfromonhecmyt.o any one of

t hree upper couplings n e_spa acirc

Each c058| I ng sgch gs 1 Qlﬂ VO %ﬁ 8’(}”%-&% 3%"%8%% 53%”33?@258“{‘8"%8% t
the end of t e thepbedy ﬁ.dsf abeutnan asihgeldd. hdthe apper drmedbaisoaspair
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any of three | ower cou
together about an upper arm axis 190. The lower arm 182

includes a pair of fluid-carrying links 192, 194 that are
pivotally connected about a lower arm axis 196. The use of
two pivotally connected links at each arm, permits changing
of the distance between the inner end of the arm that is
attached to thé body 176, and the outer end of the arm that
can be attached to a fluid coupling.

The outer end 200 of the upper arm can be
detachably cdnnectéd to any one of three upper couplings 202,
204, and 206 that are spaced about a circle. Each coupling
such as 202 is pivotally mounted about an axis 210 to permit

(. the end of the coupling to face in' a range of horizontal
directions. Similarly, the outer end 212 of the lower arm is
détachably connectable to any of three lower couplings 214,
216 and 218 whose outer ends can pivot in the same manner as
the upper couplinqs.

"Fig. 14 illustrates the fluid swivel apparatus in
a position wherein the outer end 212 of the lower arm 182 is
cbnnected to coupling 214. However, the upper arm 180 is
positioned so_itS’outer'end 200 is spaced from the coupling
202, from which it has been recently detached. - If the ship
rotates in the counter clockwise direction indicated by arrow



216 and 218 whose outer ends can pivot in the sanme manner as the upper
couplings. Fig. 14 illustrates the fluid swivel apparatus in a position
wherein the outer end 212 of the lower arm 182 is connected to coupling
214. However, the upper arm 180 is positioned so its outer end 200 . |§,
spaced fron1the coupling 202, fromwhich it has been recently detache | f
the ship rotates in the counter clockw se direction indicated by arrow

13 222, ‘then the upper coupling 2043 ll nmove to the positi'on 204x. The
arm 180 can be pivoted about [err] to the position 180x, wherein its outer
end at 200x can be attached to the upper coupling at 204x. After further
counter clockw se rotation of the vessel the lower arm182 will have to be

simla ach from one coup voted and attached to anot her
one 21%£¥F|§Ben1§gﬁlPB?FFaF@?piéﬁg g@ F& P°¥ﬁetﬂ & ﬁig . It can
be seemothat The aasm AED a3 bar plpbueddahlou'Ealsahetmmlm :&mitiforeach armto

t f th h I f t ouplin
Suoh LiBY, LREER1h ks CRULEITRARE! 4oBS 80R BeoahACHAL k[ ¥ POCPy e’
to a gaupperi @umlp@gzmwo'm;ch Aftempferthen cgmtecoququigase)r t hat
fluid ; oyl e e on
The nfStdElanibe THANSELER Sihaidled AP 18 el IOhaROLE B e BI P

| ocat eﬁlm-lﬁﬁéYsaﬁﬁt#% Erom dPne orcanPlinge| 21fan RHeokedi d and vel 174 to

connecit£achRe@f tbhenother dme eF1 @) ationary pipes 252, 254, 256 (Fig. 14) to
corresponding ro atable o] s on the ship. ch, of t uch as 182 is
preferably rigid %@'ongnrméf %?t¥?§e?eﬁﬁfnﬁ ‘% H 5 e® blﬁ"?y } ded only

at t hesakval 1874 whate chhebé veedn rtimtavalpeso2 3t ) >2:}4)|am_l.p(_nmd<:mssi bly Ql;po
near the outer end of each arm to stop flow through that arm
immediately before disconnection ffom a coupling such as 202.
Also, the coupling such as 202_is coupled through a valve 236
to a gathering pipe 240 to which all upper and lower
couplings for that fluid swivel, are connected, and which
leads to a single rotatable pipe on the ship. Additional
fluid swivels similar to the swivel 174 can be located at the
same level or a different level than the fluid swivel 174 to
connect each of the other three stationary pipes 252, 254,
256 (Fig. 14) to corresponding rotatable pipes on the ship.
Each of the arms such as 182 is preferably riQid along most
of its length, with flexibility provided pnly'at the axis 184 .
where the two links are pivotally joined (and possibly also o/
at any pivoting end of the link 194). This enables arms of
relatively short length to be used, as compared_to.avaiiable ”
"flexible" hoses which are not very flexible so they must be
long and are costly, and their middles éan movg around in
difficult-to-predict ways..

. Fig. 15 illustrates another fluld sw1ve1 apparatus'

270 which connects each of two statlonary pipes 272, 274 to
corresponding . rotatable pipes 276, 278 1lying on a
weathervaning ship. The stationary pipes 272, 274 are |
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at any pivoting end of the link 194). This enables arns of relatively short
| ength to be used, as conpared to available "flexible" hoses which are not
very flexible so they 'nust be long and are costly, and their middles can
nmove argund in difficult-to-predict ways. Fig. 15 illustrates another fluid
swi vel apparatus 270 which connects each of two stationary pipes 272, 274
to corresponding rotatable pipes 276, 278 lying on a weathervaning
ship. The stationary pipes 272, 274 are - 14 nounted on a substantially
stationary turret 280 which Was an axis pf rotation”282, with the ship
rotating about the turret about the axis 282. The area about the turret
axis 282 is unobstructed, as in the case of the apparatus of Figs.
12 - 14. However, this apparatus uses pivoting arns (e.g. 292) whose inner
ends are nmounted on the ship, and uses couplings (e.g. 284) that are

nount ed on N Bhad iditbdtintelal 1IN e taabnansy’ YubkBe 248 wRiQP ML to
four couplings 284, 286,,288, and 290 that are spaced a%out an i magi nary

circle 286 PE EoFaLioR M3y tithnEhe ship rotattng a e tasretyi pe
276 which | adocutbeheowxied 282 .t herm adrexadowt Pehe 7urratcariscbed tig two

pi vot abl e arns,292 94. The arm 2 I ncl udes t fluid-carrying riqid
links 296, é’é‘é’bﬁ?%‘éﬁéy j hed it iﬁﬁs 57 i Ph 1 29%9%%%%?’1'1‘8531 in
portion 299 Fdgs.alRi volldng dHuved@d,t i apparatusboses apivet$ng0arms t he

el POTLTON o UEa) Lakond ol YL A0RUbhyRd O il BN Sherlgukn oe
300, -306 ofcomipd ingm 202 av | 284 hcthate arm poented @andehet ponketakingr
couplings, thgreter end 300 of the armw Il be

The stationary pipe 272 is connected to four
couplings 284, 286, 288, and 290 that are spaced about an
imaginary circle 286 that is coincident with the turret axis
282. The rotatable pipe 276 which is to be coupled to the
stationary pipe 272, is connected to two pivotable arms 292,
294. The arm 292 includes two fluid-carrying rigid links
296, 298 pivotally .joined at axis 297, with link 298 having
a main portion 299 and a pivoting end 300 that can pivot
about an axis 302 on the main portion of the link. If the
ship should turn in the counter clockwise direction indicated
by arrow 304, then the distance between opposite ends 300,
306 of the arm 292 will increase. To prevent damage to the
arm or couplings,'the outer end 300 of the arm will be
disconnected from the coupling 284. The arm will then be
pivoted as indicated by arrow 310, until the arm is in the
position indicated at 292x. With the ship rotated slightly,
the end 300x of the arm will be aligned with the coupling 286
and can connect to it. During disconnection of the arm from
coupling 284 and its reconnection to coupling 286,
hydrocarbons can continue to flow through arm 294. _The arm
294 is of similar construction to that of the arm 292, with
the arm 294 having a pair of pivotally connected links 314, -
316 and a pivotally connected outer end 320. The outer end
320 is connected to a coupling 288.
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. hen be pivoted as °
cted fromthe coupling 284. The armw | t
?hzfgg?gd by arrow 310, until the armis in the position |nd|cateﬁ at 592x
Wth the ship- rotated slightly, the end 300x EL t he grnlgghgcfﬁoﬁ g?nghe
he coupling 286 and can connect to it. ring dis
gﬁarfﬁon1cougllng 284 and its reconnection to coupling 286, Pydrocarbﬂhs
can continue to flow through arm 294. Thﬁ ?Ln1294 5340La3:zb grpalr of
ction to that of the arm 292, wit e arm
E?C§§;F|y connected |inks 314, 316%5hd a pivotally connected oEter end 320.
The outer end 320 is connected to a coupling 288. 15 Th§4o:he: e
stationary pipe 274 is connected to four couplings 321 - 3 t ha are
arranged on the sane circle 287, as seen in a plan view. A palr of a

326, 328 can eacBheootket stuatﬁoeﬁwe%a%cilzw Qeecaéﬁé?e gg }s“\gﬁ 321 -

rcl e-of coupling e ship
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and 3Zgme il 3872 ot htl.lgaes-aase- hewahkt cirEael, oko tBEl Ff’gﬁ%ﬁﬁg\ as 292 is
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00, 320 can be ‘mounted to slide around a circular
guideway 330. Furthermore, the outer ends of two arms such
as 292, 326 can be moved in synchronism by the Same
apparatus, while the outer ends of two other arms such as
294, 328 also can be moved 1n ‘synchronism by a 51ngle moving
apparatus. The two sets of couplings 284 - 290- and
321 - 324 can lie at the same height. "Each of the arms such —
as 292 is preferably rlgld along most of its length, with
flex1b111ty only at axes 297 and 302, for the reasons given
above in connection with Fig. 13.

It may be noted that toroidal fluid swivels may be
used for hydraulic lines and for other fluids, in ‘addition to
the nontoroidal swivels described above. Also, a mix of on
center (e.g. Fig. 7) and off center (e.gq. Fxg. 12) swivels.
can be used in one installation. '

' - Thus, the invention provzdes a fluid swivel for
coupling a largely stationary first Pipe extending up from an-
underwater location, to a rotatable pipe on'a ship, buoy, or
other rotatable structure (all of which can be referred to as
a "ship") floating on the sea- surface and whlch can
weathervane, which facilitates maintenance of the fluid -
swivel. The fluid swivel generally connects a first one of
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It nay be noted that toroidal fluid swivels may be used for hydraulic

| i nes-and for other fluids, in addition to the nontoroidal swvels
descri bed above. Also, a mix of on center (e.g. Fig. 7) and off center

(e.g. Filgs 12) swivels can be used in one installation. Thus, the invention
provides a fluid swivel for coupling a |argely statiopary flrst pi pe .
extending up froman underwater-.|ocation, to a rotatable pipe on a ship,
buoy, or other rotatable structure (all of gwhi ch can be referred to as a
"ship") floating on the sea- surface and mhlch can weat hervane, which
facilitates maintenance of the fluid swivel. The fluid swivel generally
connects a first one -of 16 a plurality of largely vertical stationary
pi pes. The fluid swivel can include a body with a first port connected to
one of the pigp@duxadizysefohdrgely veupicaltstabniemary hpipes. prife fibiid
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mounted. As the ship turns, the arm can approach a position
of interference wherein the arm is in danger of hitting a
stationary pipe, or of having its opposite ends pulled too
far apart. The arm is detached from one of the fluid
couplings, pivoted, and later attached to another of-the
couplings. A complete multipass fluid swivel arrangement
generally includes a plurality of such fluid swivels.
Although the arrangement has additional complexities as
compared to conventional multipass fluid swivels, in that it
requires detaching the arm from one coupling, pivoting the
arm into alignment with another coupling, and attaching the

(wi arm to the other coupling, the arrangement has many

advantages. An important advantage is that each of the fluid
swivels can be of relatively small diameter, since the swivel
does not require a wide central hole for passing pipes.
Also, each fluid swivel is readily accessible for maintenance
and repairs.

Although particular embodiments of the 1nvent10n
have been described and illustrated herein, it is recognized
that modifications and variations may readily occur to those
skilled in the art, and consequently, it is intended that the
claims be interpreted to -cover such modifications and

equivalents.
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requires detaching the arn1fron1one coupllng, plvotlng the arn1|nto
al i gnment with another coupling, and attachi ng [Im‘m"“ﬁymlﬂm ot her
coupling, the arrangenent has nany advanta advantage
is that each of the fluid swivels can be of relatlvely Smal’l di aneter,”

since the swivel does not require a wide central hole for passing plpég

Al so, each fluid swvel is readily accessible for maintenance and repairs.
Al t hough particul ar enbodi nents of the invention have been descri bed and
illustrated herein, it is recognized that nodifications and variati ons may
readily occur to those skilled in the art, and consequently, it is intended
that the clains be interpreted tojgover such nodifications and.

equi val ents.” 17 CLAIMS 1. A fluid swi vel apparatus whi chLcoupl es each
of a group of largely stationary pipes extehding up from undersea

| ocati.apRs to each of a group of rotatable pipes mounted on "a ship

t hat—™ cam weat hervane, characterized by: a first fluid swivel with a body
connectedLto a first pipe of one of said groupsaafseipes, said first swve

having a largety holgiiglsutver! apghedctisumicn Léauf&esjh@gfg pg an I nner

end pivotally nounted on said body about a pri nmefl y-ext endi ng
swi vel WP oFf dlaraehlvi FERBiCRATEr RIRLS pRSEnding sipd ixPB; a

pl ur ghab¥sei ﬁbbﬁt;@ﬂﬂy ite) e sl "o £ 08N gAY IJE L@@té&mélﬁib Bi pe of the
ot her of S roups %ﬁy_ﬁhgia#gﬁggughatgs bei ng arranged | argely al ong
an i HBRPRERy Wr A e so&"%e safffar KPREREFVRRR/ bei ng
detaCHSbéaterlzed by: ‘s _
a first fluid swivel with a body connected)to a o

first pipe of one of said groups of pipes, said first swivel

having a largely horizontally-extending fluid-carrying arm

with an inner end pivotally mounted on said body about a -

primarily vertically-extending swivel axis, said arm having

an outer end spaced from said axis: _ oA s

a plurality of first ¢ouplings each connectedtto a
first pipe of the other of said groups of pipes, ‘'said
couplings being arranged largely along an imaginary circle as
seen in a plan view, said arm outer end being detachably
connectable to each of said couplings.

2. The apparatus described in claim 1 wherein:
said fluid swivel has a second fluid-carrying arm
with an inner end mounted on said body, said second arh being
pivotable about said axis and having an outer end 1lying
furthest from said swivel axis;
' a second plurality of fluid couplings arranged
largely along a second circle; '

_ said outer end of said second arm being detachably
connectablg to said second fluid couplings, whereby when one
of said arms must be detached from one of said couplings the
other arm can remain attached to another coupling to enable
uninterrupted flow between said pipes.



k]

corinectabl e to each of sai.d" couplings. 2. The apparatus described in R
claim1l wherein: said fluid swivel has a second fluid-carrying armwth an

i nner end mount ed ‘on said body, said second arm being pivotable about said
axi s angd-having an outer end lying furthest fromsaid swivel

plurality of fluid couplings arranged |argely along a second”m"ﬁ"nﬁmﬁﬂﬂ'n("" |
outer end of said second arm bei ng detachably connectable to %aid §ec(f5nds *
fluid couplings, whereby when one of said arns nust be detached from one of
sai d couplings the other armcan remain attached to ‘@nother coupling to
enabl e uninterrupted flow between said pipes. 18 3. The appar at us
described in claim2 wherein: said body8 has a first port connected to said
first pipe of said one of said groups, and second and third ports that face
vertically with one facing primarily up and the other facing primarily

down, said first arminner end lying on and extendi ng upwardly al ong said

pi vot axis, and saidy sec %s e@gséy t ?afﬁitfn\gha gﬂwnwardl y
| rs u

al ong sai d pivot 'axis, an sal | rst arm an rality o cougl i ngs
Ile above the |evel s#iddafiydasha £ﬂ-m5§n§°§§c6ﬁﬂnﬁf= egdl tpysaidcEipstngs.

The gﬁlg%r Y L65 Gid Sk | dh £ ArodpyNaimd Nsedcnd dhdSthiltdi dosvivel

hés only first arrrL_' one_of said: first $£es I S arringed to flow fluid
in a diredhiadn fam@r VeRRdcabiBuFtniqne | FE109 (PHIZAFILY YR ARMetBeher
first pipetneid fduing fpﬂﬂtﬁwtﬂwﬁ; sa dd st danti iheee ehdsiyingi pes,
V\/nerebyto accucimla% |UIdf|OWIr1 r‘fo sald ne,of . sai d .

on and extending upward %’, ong said prOt axis, and said -

(_ second arm inner end lying on and extending downwardly along
said pivot axis, and said first arm and first plurality of
couplings lie above the level of said second arm and second

plurality of couplings.

4. The apparatus described in claim 1 wherein:
said first'fluid swivel has only said first arm:
one of said first pipés is arranged to flow fluid
in a direction toward and through said. first fluid swivel
into the other first pipe; and including
an accumulator connected said one of said pipes,
whereby to accumulate fluid flowing into said one of said
. pipes during the time between disconnection of said arm end
~ from one of said couplings and connection of said arm end to
another of said couplings.

5. The apparatus described in claim 1 inmeludings p\f\u.‘\n:
S
a turretLpivotally mounted on said ship alggg& an
axis that is substantially cecincident with said {-pi-veql_axis:

and wherein
said group of stationary pipes includes first,

second, and third stationary pipes each having a port:.on that
is substantially fixed to.said turret, with said first and
second pipe portions extending largely parallel and close to
each other, and with said thiro‘l: _%ipe extending higher than
said first and second pipes:; a-nd[_including

< Sa> ‘\(}falo,*\§ v



pi pes during the tine between disconnection of said armend from one of

sai d -coupl i ngs and connection of said armend to another of said couplings.
5. The appar.atus described in claimi1 vvheslmﬂlumltlu" mum pi votal |y
nount ed on said ship about an axis that is C|dent4yttl
said swivel axis; and wherein said group of statlohar Y pipés includes
first, second, and third stationary pipes each having a portion that is
substantially fixed to said turret, with said first and second pi pe
portions extending largely parallel and close to each other, and with said
third pi pe extendi ng higher than said first and second pipes; [err]

I ncl udi ng < said appar at us> -4%9 a second fluid swivel that- is
substantial’ly identical to said first swivel and which is. connected to said

second stationary pipe, said second swi vel |ying above said first swve
with the pivot axes of said first and second smnvels bei ng substantlally

coi nci dent ang mggg &'dffﬁfgndséfGXfl tng gﬁg%%ghgbgﬁ}&nner_end

pi vot abl e "about Sard axi s an i}ng above sal sal st swivel. 6.
Theidepticalstadsaid e sthswivph andhdhricin:is qqmeatedu topsaddal | y coupl ed

to §éégnéhé’€a€98}15590%i‘ége'¥a¥&réé£@ﬁ%ték5i€é1a%gingsé‘bgvgrggﬁ gof stationary

el ng_nount e ald turret and said circre rs.
subgléﬁtl§Wﬂyeéenﬁéﬁédt5ﬁ PAVETL axest Qﬁqﬁﬁldnﬁﬂ§%#dﬂ%ﬁﬂ$e¢°aﬁ|s i s ‘spaced

frogysablst HEiRY §ﬁb§taﬁﬂﬂa§ﬁydc@iﬁ&id&hﬂd@ﬁdavfﬁehrsé)idpei\!ééﬁé' y conneet ed
fluids; f ﬁxlng i nks, to enable varlaiéon of t f di st ance between _
swive vifig an arm with an inner end pivotable about said

axis and lying above said arm.of'sald first swzvel.“ _ N )

6. The apparatus described in claiﬂil‘&ae&aéiag;x»kemﬂx: -
a turret fehatl is pivotally coupled to said ship
about a largely vertical turret axis, said group of
stationary pipes being mounted on said turret and said
imaginary circle is substantially centered on said turret
axis;: and " . i
said swivel axis is spaced from said turret axis,
and said arm includes a pair of pivotally connected fluid-
carrying 1links, to enable variation of the distance between
said swivel axis and said coupllngs as said ship
- weathervanes.

7. The apparatus described in clalm 6 1nc1ud1ng°

a second fluid swivel that has a second body, a -
largely horlzontally-extendlng second arm with an inner end
pivotally mounted on said second body about a second axis
that is spaced from both said swivel axis and said turret
axis and with an outer end, and with said second arm having
a pair of pivotally connected links; _ o

a plurality of second coupllhgs each detachably
connectable to said se¢ond arm outer end; o

said bodies of said first and second fluid swivels
each being connected to a different pipe of said group of
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sald swivel axis and saird couplings as sald shlp meathervanes : The
appar atus described in claim6 including: a second t has a

second body, a lafgely horizontally-extending sec rmm ,mm'mﬂurmmner end

pi votaldly nounted on said second body about a secont d&xi ¢ tMatsis* spaced -

fromboth said swvel axis and said turret axis and wwth an outer end, and
with said second arm having a pair of pivotally connected |inks; a

plurality of second couplings each detach y connectable to sai d second
armouter end; said bodies offsaid first ahd second fiuid swvels éach™*

bei ng connected to a different pipe of said group of 20 stationary
pi pes, and said fluid couplings each connected to a different pipe of said
group of rotatable pipes. 8. The apparatus described in claim®6

including: a geaeddnkiyi Pipesyednd fﬁl&&a@@mﬁﬁagéyeaahlaéﬁﬁwted to
hori zontal | y- ex egg g gecond arm w h an |nn§ end glvotmég%ﬁnnunte on
sai d second badé n EéESnﬁfaﬁ?é t FEPUPsOE pEeEatab sai d swi ve
axis and said turret axis and with an outer end, .and wth sald second arm
having a pair of pivotally cgonecte | Jur of s | ings
each detachably connectabl e ?’gesaaé%ad%%%‘g ﬁﬁﬁp’ﬁﬁ‘gﬁneﬁa ‘g]&f‘g%’g)
said first and second ftuisécem’ivéllmidacﬂWi}ahgtlmmhnbaSed Secandl Hostyenta

pi pe of said Qéglﬁfﬁgfh&?i%ﬁ%%ﬂ%ﬁ%en&{'ﬂ Sé?@ ohd U £ GO '4}951 ! end

connected to a ren I‘OU Statl onarz
f1uid transfepwﬁ‘s'@hwampen ednpni said seewnd hpdrhabew nBasesionsh sl

which has a that is spaced from both said swivel axis and said turret
~ axis and with an outer end, and with said second arm having |

a pair of pivotally connected links; _

a plurality of second couplings each detachably
connectable to séid second arm outer end:;

said bodies of said first and second fluid swivels
each being connected to a different pipe of said group of
rotatable pipes, and said fluid couplings each connected to
a different pipe of said group of stationary pipes.

9. A fluid transfer installation comprising:

a ship which can weathervane and which has a
plurality of rotatable pipes that weathervane with the ship,
.said ship having a turret and said ship can rotate about a
substantially vertical turret axis relative to said turret so
said turret can avoid large rotation about a vertical turret
axis as said:ship weathervanes:; _

a plurality of stationary pipes with substantially
nonrotatable upper pbrtions that are mounted to said turret;

a plurality of fluid swivels that each couples one
of said stationary pipe portions to one of said rotatable
pipes: . ' . '
a first of said fluid swivels includes a body
connected to a first of said stationary pipes, said first



plurality of rotatable pipes that weathervane with the ship, said ship -
having-a turret and said ship can rotate ab ly vertical
turret axis relative to said turret so sai dﬂmlmmmHMHm | arge rot,atlon
about a vertical turret axis as said ship weathervanes; sa plurality o
stationary pipes with substantially nonrotatable upper portions that are
nmounted to said turret; a plurality of .-fluid swivels that each coupl es one
of said stationary pipe portions to one of said rotatable pipes: a first of
said fluid swivels includes a bodyIconnected to a first of -said stationary
pi pes, said first 2 f swvel having a largely horizontally-extending arm
with -an inner end pivotally nounted on said body about a primrily
vertical |l y-extendi ng swivel axis, said armhaving an outer end spaced from
sai d sw.vel. axi s, a plurality of ¢ i _arganged substantially along an
gl AT AEAE Ry e AT AL A QR R AT SR S e o
ar m ouirare re resthb g ivp tdilyc mchint eco rote csaid ebedy ealodudf asprdmawddlyi ngs, and
each qf [ : neglied t ' oL at p| pes. 10.
A1ILRYARI RG] BG168RNGRLET] 1h B A &%',M L4 aaltsr

The i nst escri n claim el n: sal ural i swi vel s
are ¢md spaces f@@ﬁ’sﬁlﬂaét EWavelaa¥isdach has a. swi vel aX| S that is
substantially caql ngj ﬁ? thS%b%ptllih@%t @pekdn é’&tguﬁétﬁnﬁ%!{@&s bei ng

vertical |l y spaced aart The instal’l ati on described in ¢clalm9 wherein:

sai d 3HaH%I3n ylm?ﬂm%w v%’r€°1%1r gengered; gp| étalgorﬁirrliﬁﬁ i 3%1Saff each has a
SW velsepfi sin hat planspaes] fsia sardl buteg! end Being detachably

connectable to each of said couplings, and each of said o
couplj.ngs being connected to one of said rotatable pipes. bt
10. The installation described in claim 9 wherein:
said plurality of swivels are. of similar
construction, and each has a swivel axis that is
substantially coincident with said turret axis, with said

swivels being vertically spaced apart.

11. The installation described in claim 9 wherein:

said plurality of swivels are of similar
construction, and each has a swivel axis that is spaced from
said turret axis:;

each swivel has an arm with a pair of pivotally \J
connected fluid-passing links.

12. A fluid transfer installation comprising:

a ship which can weathervane and which has a
plurality of rotatable pipes that weathervane with the ship, -
said ship having a turret and said ship can rotate about a
substantial-ly vertical turret axis relative to said turret:;

a plurality of stat:.onary Pipes with substantially
nonrotatable upper portions that are mounted to sald turret;



each swivel has an armwith a pair of pivotally conrected fl ui-d-passing
links. 12. A fluid transfer installation conprising: a Shiﬁ whi ch can

weat hervane and which ‘has a plurality of rotatable pi gmm Hmuﬁﬂ‘ﬂﬁmane
t a-
* L s

with thgjship, said ship having a turret and said sh
substantially vertical turret axis relative to saiditurret; a plurality of
stationary pipes with substantially nonroﬁgtable upper portions that are
nounted to said turret; 22 a plurality™of fluid swivels that each ~
coupl es one of said stationary:-pipe portions to one :0of said rotatable
pipes; a first of said fluid swivels includes a body connected to a first
of said rotatable pipes, said first swivel having a largely

hori zontal | y- extendi ng yiaritityade BI8LEACERiPEYS BhAY ERERtEGuSTes bR bOY
about a primarily. yertically-extending sw vel axis, said arm havi ng

an
outer end spdte®@d oRFREIANALN v PRPEROTtIONG £9n $7R| Afi $§1d FRtatable

fluid-carryigipdg nks that are pivotally connected, with a first of said
ks forming Said arip ! pietcent 20dia A Shiddld SdgH Th oy
| magi nary cicanrect=g ete@daorfivatl ¢fir saidaictatadile pipes|esaddd fiarsiy
coupl 1 ngs belhs Portaris § cfardery *her §URts PER-e LR dTRG Sin Uity an
13. The i nstinnen iend debvotably i rowntedn a2 ahbd cbody sabgute@oRrimandly
:Dgflt U?gssgi {j@éfh%ﬂlyﬁi&t@n@i‘f@ AR dl Wb £08 1S FRNART 1 HBY atP kel 1
o end spaced frqm.said swivel axis, said arm includi?g a pair
of fluid-carrying links that are pivotally connected, with a
first of said links forming said arm inner end and a second
of said links forming said arm outer end;

a plurality'bf couplings arranged substantially
along an imagihary circle centered on said turret axis, said
arm outer end being detachably connectable to each of said
couplings, and each of said couplings being connected to one

of said stationary pipe upper portions.

13. The installation described in claim 12
wherein: |
said second 1link includes a main part and a
N\ pivotable fluid coupling connecting said main part to said
outer end. ' ' '

14. A fluid transfer installation comprising:

a Ship ‘which can weathervane and which has a
plurality of rotatable pipes that weathervane with the ship,
said ship having a turret and said ship can rotate about a
substantially vertical turret axis relative to said turret;

' a plurality of stationary pipes with substantially
nonrotatable upper poftions that are mounted to said turret;



outer end. 14. A fluid transfer instal, ri'sing: a ship which can -
weat hefvane and which has a plurality ‘of rotatable pipéesthat weathervane

with the ship, said ship having a turr'eﬂ m an retate about a
substantially vertical turret axis rela "um”ﬂﬁ "W"mm a plural ity of
stationary pipes with substantially nonr ot af ab%e'Upﬁer*portlons t hat are
mounted to said turret; 23 a plurality of fluid sw vel devices that each
coupl es one of said stationary pi pe portions to one of said rotatable
pipes; a first of said fluid swvel devices includes an arm having an
i nner end pivotally ounted on a f43rst of said nonrotatable pipes and an
opposite outer end, said arm being capable of flexing so said outer end can
nove;, a pIurallty of couplings arranged largely along an imaginary circle
centered on said turret axis, said armouter end belng det achabl y
connectable to_each of. s and each qf said couplings being
connected to ofe ?ug%&ﬁ%otc’gtoag#‘élg p%"élve_L'S 8 S8%st Sha%t iAFRlescri bed in
cl ai mobplelseonienofssaddf statisnaryl pdpe porticngded drhwdF B4y ed on one
of sgj [k Qt |l.e pipes and said armincludes a pair of fluid-carrying
rlglgbﬁaQ%Big g#ﬁ% o pivotally connected. 16. A method for flowing fluid
bet ween a subsaarfiirst] wheeaist aﬁla.bida sVpvebxdewdces finebudesingder sea
| ocatyan, o] a unt.ed aon ip.th at hervanes,
lale qx%ﬁiﬁ 2 abhfiep! Pén “,HO xﬁté@ S ractefese! Fod Ua i

conprisin sal a first of plpe
nonrotatable plpes and an opp051te outer end, sa;d arm being
capable of flexing so said outer end can move;
a plurality of couplings arranged 1argé1y along an N’/
imaginary circle centered on said turret axls, said arm outer

end being detachably connectable to each of sald coupllngs,
and each of said couplings belng connected to one of said
rotatable pipes. '

~15. The installation described in claim 14
wherein: |

said fluid swivel device includes a body'mounted on

one of said nonrotatable pipes and said arm includes a pair

of fluid-carrying rigid links that are pivotally connected.

l16. A method for flowing fluld between a
substantially nonrotatable pipe extendlng from an undersea
location, and a rotatable pipe that is mounted on a ship len
telre—3-ike| that weathervanes, comprising:

flowing said fluid through a first of said pipes,
along a substantially Vertical pivot axis of a flﬁid swivel,
through a first pivot arm extending largely radially away
from said pivot axis, between a radially outer end of said
arm and a first of a plurality of detachable couplings, and
from said first coupllng through a second of said p1pes.

detachlng said arm outer end from said first
coupling, pivoting said arm about said pivot axis into a



al ong a substantially vertical pivot axis of a fluid sw vel, throutgh—a—

first pivot armextending largely radially away from saj i X | ,
between a radially out’er end of said armand a first Oflmﬂlmﬂgﬂﬂ:&ﬁﬁ“m
det achapke couplings, and fromsaid first coupling thfoug i sOf ysai d
pi pes; detaching said armouter end fromsaid first coupling, pivoting said
arm about said pivot axis into a 24 position adjacent to a second of
said couplings that is also connected to said second of said pipes, and
attaching said armouter end:to said sec@®ad coupling:-17. The net hod
described in claim16 including: during the period between said step of
detaching said first armouter end fromsaid first coupling and attaching
said first armouter end to said second coupling, flowng said fluid

through said first pipe.and along said pjvot axis throygh a second pivot
ar m ext endi nBOFAFiERySTIATERE (1P o RPAANFh O 5 874 9 RAUPHLBEgn At A FIaBFOsai d
coupl i ngs andoraedtag@cendspifiesetdndToe BRATDbidree, idivll attathing l8aid
i ncl udi ng: during gge gerigd bet%een said stef.of detaching said first arm
outer end fr3ffsqPESFi FEE BB TR A SRR TR H3 ai d first arm outer end
to said second coupling, flowng said fluid through one said pipes into an
accurul ator. " 17. The method described in claim 16 including:
during the period between said step of detaching
said first arm outer end from said first coupling and
K./ attaching said first arm outer end to said second coupling,
flowing said fluid through said first pipe and along said
pivot axis through a second pivot arm extending largely
radial to said pivot axis and through a third of said

couplings and said second pipe.

18. The method described in claim 16 including:

during the period between said step of detaching
said first arm outer end from said first coupling and
attaching said first arm outer end to said second coupling,
flowing said fluid through one said pipes into an

accumulator.
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