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invention relates generally to a coiled tubing sw vel
assenbly, and particularly to a coiled tubing sw vel

assenbly having a crane bearing-as defined herein. -
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{0003} A coiled tubing string is typically wrapped around a
Teel énd dispensed onto and off of the reel during an
operation. One end of the coiled tubing string extends from
the reel to an injector. The injector moves the coiled tubing
string into and out of a wellbore. An opposite end of the
coiled tubing string is connected, through a coiled tubing
swivel, to fluid and/or gas pumps, that pump fluid and/or gas
substances through the coiled tubing string during a desired
oil well operation. This opposite end of the coiled. tubing
string rotates along with the Jcoiled tubing reel Wﬁen the
coiled tubing string is dispensed onto and off of the reel.
[0004] As such, the coiled tubing swivel is reQuired to
provide a high Pressure rotating connection between the coiled
tubing string and the fluid and/or gas pumps to allow pumped
substances to be transferred therebetween. The coiled tubing
swivel is typically required to seal: dry gases (such as
Nitrogen}), liquids (such as water, brine, acid, alcohdl, and
solvents), foams, and sclid suspensions (such as fraéturing
fluids and jet cleaning materials).

[0005] FIG. 1 shows a coiled tubing swivel 10 according to
the prior art. As shown, the coiled tubing swivel 10 includes

a mandrel 12 for connection to fluid and/or gas pumps, and a



provide a high pressure rotating connection between
the coiled tubing string and the fluid and/or gas

punps to all ow punped substances to be transferred
t her ebet ween. The coiled tubing swivel is typically
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pregisely aligned both parallel to the mandrel axis and

concentrie with the mandrel axis. If either ball bearing
assembly 24 is misaligned in either of these respects, it ﬁili
wear and/or fail quickly. - _
[Oo007] After the packing 22 and ball beaxing'assemblies 24
have been asseﬁbled on the mandrel, the mandrel 12 is inserted
into - the hub firstrsection 18, and the hub second section 20
is screw fastened to the hub first section 18 to secure the
mandrel 12 to the hub 14. _ '

[0008] A probklem with the above—described coiled tubing
swivel 10 is that any replacement of the mandrel 12 requires
- reinstallation of the ball bearing assemblies 24. Pue to the
precision required and other difficulties associating with
installing the ball bearing assemblies 24 on the mandrel 12
such a replacement of the mandrel 12 becomes a very tinme
consuming process. :

[GO09] Also in order to allow the packing 22-to rotate with
respect to the mandrel 12, a coating is applied to the mandrel
12 to create a slick, sliding surface.  During use, this
coating is placed in tension due to ‘the internal pressure in

the mandrel - 12 caused by 2a pumped substance flowing



onto the outer dianeter of the mandrel 12, and nust

be precisely aligned both parallel to the nandre

axis and concentric with the nmandrel axis. If either

bal | bearing assenbly 24 is nmisaligned in either of

these respects, it will wear and/or fail quickly.
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of the ball bearing assembly 24 contain facing races 25 which
substantially +trace the outer diameter of the spherical
bearings  30. However, each race 25 has a side- 27 thét is
thicker, or exténds-further arouha the spherical bearings 30,
than the other side 29. Also, the ball bearing assembly 24
wili not'function'properly unless the thicker side 27 of the
outer race 28 is disposed caddy-éornér from the thicker side,
27 of the inner race 26. Thus, creating the possibility of an
improper installation of therball bearing assemblies 24 on the
mandrel 12. 7 ‘
[0011]  Also, this ball bearing assembly 24 configuration
‘Creates a reaction force F, which is good at carrying an axial
load A, but poor in carrying radial R, thrust T, and bending
moment loads B. In oxrder to adequately carry radizl R, thrust
T, and bending moment loads B, two or- more ball bearing
assemblies 24 must be wused in combination, preferably
adjacently positioned on the mandrel 12 (as shown in FIG. 1),
and oriented oppositely such that their reaction forces F
'oppésitely directed. . With the reacticon forces F  are
oppositely directed, the ball bearing assemblies 24 can react

to a larger variety of forces.



between the mandrel 12 and the coating. These cracks

formsites for crevice corrosion, leading to

di sengagenent of the coating fromthe nandrel 12 and
_failure in the packings 22. In sone prior art swvels
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which is substantially different fromthe mandrel to.

which it is applied, and the plicatipn of the
0L g (e PRt 6 Gord &t PRRGhCraNmed atteabLy 24
cdheserhacters ase actntwgcrigave teasiiolesonfthee assembly

oating during use. _[0010] FI shows  an ar :
2§nde§? @%tlvhgxéﬁg %%ﬁ%é§(ﬂ%%§§%? cti%ﬁaltgieﬁﬁ%f gggSlde
epaitdrorenof tshehbalsl dedr iy adsenisl.y QhtefiippGlor. ofiss Lthe
hown,. the,in t | 2 8105 LiGmb1y 24
R A R i
tohiehr subbtantfizdil yuickds - t Recerderdldi-afetreccofexigés for
Phes | bear10gs:30i nkougyeL1 gasbupage 25 has a
aéi € %g@%%a§§%s thFcké??bor ext ends- fﬁfther around
the spherical bearings 30, than the other side 29.
sy the ball bearing assenmbly 24 will not function
roperly unless the thicker side 27 of the outer race
[éhiii;disposed<¥§%d§SE8Fﬁeﬁﬁ%rBﬁ?tH@VFWE&Q&'Qﬁ?ﬁﬁé%s an
oﬂ%figﬁdi@@§émﬁ§yec8ﬁ?fibyﬁg Q;paﬁbngoFFe%ﬁGS$tbihisyring
of an_inproper 1nstallation of the ba arin
0 BsSRHbPN 655478 Whe el 190 100T1] i Sor S rRIELY, the
chal &g beanh hgg assenbky 24seembilgur abinpnistnegat es amandrel
reaction force F, which_i ood a yi Xi
aTB%%h%g Bt %%%rppﬁmﬁar?y?%%>r%ﬁﬁ%ﬁ§§¥§thggggﬁ%? J%g the
mdpedick hganmdngnt theads: B.adhedr der ano cadegdately sariyg of
adi al ust T,. and.: | NG IORENt-Je0ads (Be W0, th
C((BJlrﬂJﬁ%r eéq %JF’{H becgar}i nag ggoslgl%?i 2%1 24 rrusrteebef ugegri n the
mgwibe hatinon, tipr ebercabt yoathatedory posittréfeddifitHe tor
pgggglégl %g (as shauagi NnsfbGcadke;andnari gnt @dewing ring
oppositely such that their reaction forces F .
COpposT iRy y idinasct e WPHK SEhePPRALEP onf F TiTes S dréS an
o9PPRsi el yrdidgctad:1dherbaldo beasdorghoassenbli esphérical

can react to a larger varie of forces. . )
bearing, wherein the sa{ew{%./g ring 18 ncot 1in direct

physical contact with the mandrel.



[0012] Anot her problemw th this ball bearing assenbly
24 configuration is that openings 15 on the sides of
the assenbly 24 expose the spherical bearings 30 to
t he outside environnent, such as dust and debris.
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WD 20071077503PCT/ B32006/ 054959 BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 0016] These and other features and

advant ages of the present invention will be better

under st ood by reference to the follow ng detailed

description when considered in conjunction with the
y3A¥hg drawi ngs wherein: [0017] FI G 1 pcriB2086/658950

cross-sectional view of a coiled tubing swvel

accord| ng to an enbodi ment of the prior art;

FIG__2 shows an enlarged and slightly
M&TE?%S%F JEE PRMHINGS ew of a portion of a

[baidi] bearrhage a%ﬁﬁ:ﬂbb}z’heﬂm'f%gtEQégs A@% ofg%?fﬁ% e-%“ 8F the

art coiled tubing swivel of FIG i S a
PEF Y o r Byendece d’ﬁéﬂ Vrewestea @@ﬁeé@tqmum sefamince to

tBeCcoEdl Ngvitrdy aﬁkﬁﬁﬁggﬁne@bs@Elﬁbﬁmpre§§§§ lQBE%Ed@%Qd in
conjunction with the accompanying drawings wherein:

[0017] FIG. 1 is a side cross-sectional view of a coiled
tub;ng swivel according to an embodiment of the prior art;
[Oblé} FIG. 2 shows an enlarged and slightly exaggerated
cross sectional view of a pdrtion of a ball bearing assembly,
which forms part of the prior art coiled tubing swivel of FIG.
1: . S

{00193 FIG. 3 is a side croés—sectiohal view of a coiled
tubing swivel according to an embodiment of the present
invention; '
[0020] "FIG. 4 shows an enlarged and 8lightly exaggerated
cross sectional view of a portion of ‘a ball bearing assembly,
which forms part of the coiled tubing swivel of FIG. 3; and
0021} FIGs. 5A-5C show side, side cross—séctional; and top
views, respectiVeiy, of the coiled tubing swivel of FIG. 3

attached to a mounting device.

DETATILED DESCRIPTION OFVEMBODIMERTS OF THE INVENTION

,f0022] As shown in FIGs. 3-3C, embodiments of the present
invention are directed to a coiled tubing swivel assembly. 1In
one embodiment, the coiled tubing swivel assembly includes a
crane bearing assembly, having a much greater load bearing
'capacity than the ball bearing assemblies used on the coiled
tubing swivel assembly of the prior art discussed above. In
ancther = "embodiment, the coiled tubing swivel éssembly
according to the present invention includes a mandrel that may
be replaced withdut the need to disassemble the associated
bearing assembly, thus decreasingﬁ the time associated with

replacing. the mandrel . In yet another embodiment, the swivel



[0020]FIG . 4 shows an enlarged and ,slightly
exaggerated cross sectional view of a portion of a
bal | bearing assenbly, which forns part of the coiled
tubing swivel of FIG 3; and [0021] FI Gs. 5A-50 show

si de, side cross-sectional, and top views,
r¥epkEPTH8l y, of the coil ed tubing sw vel oFCHR206§54959
attached to a nounting device. DETAI LED DESCRI PTI ON
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FI Gs. 3-5C, enbodinents of the present invention are
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coi l ed tubing sw vel assenb
c01led tubing strlng 108, and the coiled tubing reel 110 are

each shown schematically in FIG. 3 80 that the coiled tubing
swivel 100 may be enlarged and shown in more détail.}

[0024]  The first end 105 of the coiled tubing string 108
rgtates.algng with the coiled tubing reel 110 ﬁhen the coiled
tﬁbingrstring 108‘is dispensed onto and off of the reel 110.
- As such;-tﬁé coiled tubing swivel 100 is required to provide a
high pressure rotating connection between the first end 105 of
the coiled tubing string 108 and the fluid and/or gas pumps
104 in prder to allow fluids and/or gases to be pumped from
the pumps 104, through the coiled tubihg string 108, and into
a wellbore during various desired o0il wéll operations.

[0025] As shown in FIG. 3, a crane bearing 112 is attached
By' press fitting an inner surface of the .beariné- 112 té an
outer surface of the hub 106. The crane bearing 112 includes
an inner ring 114 and an outer ring 116 having facing races
{see FIG. 4 and the accompanvying description for further
details Von the races) which together ' receive sphérical-A
bearings 118, allowing the inner ring 114 to rotate with

respect to the outer ring 118.



according to one enbodi nent of the present

i nvention. The swi vel assenbly 100 includes a nandre
102 for connection to fluid and/or gas punps 104
(hereinafter punps), and a hub 106 for connection to

I end 105 of coiled tubing string 108, which is
h@H}I 0@%07539?eel 110. An opposite end (not shoﬁﬁ?@?ﬂﬁ/ﬂsww

the coiled tubi ng string 108 extends fromthe reel :
[20061 0 arThienjcetkor rinot 15H0M) 2t tddiedn rAaves 4heg arm 120,

“Be1 1 D67 E ENOTL rhat e BumBeThoa, TRE bOTIEd EEBI g0 i

pPsveiall1G8 taghddt he accmdwelltmdmmtgurge@levﬂ@ B;Ffla%g%hown in
: the coile
F% m5z§%t&eg§1% %g]@éusse & enFJé? ee]fal d‘aeﬁ&léhg%o‘fh Horgoplate

. 1-Ng- SWM ve
1€lét aﬁ?a}ta@rm@oﬂt@m rgte émtetO5iol the enil ede hub 106,

s ng r e 0 Wlththe co(g_d -
aﬁ}%:] % rt‘ég!e ﬂrilor%\%he%&ﬁ\eslc% I ngd it hg BRPy #1 glffé’ j gorate
t%‘i%fﬂ@ﬁfsed onto and off of the reel 110. As such, the

J1ed t WbiLRg. ls 1 s fequir Q_pPr.ovi
[%?29] pr ess%?e ro \aﬁt%l nggggﬂﬁnaegct na%g’tI et prfnlamf seal,
1ot trohegf tohancorted uifieng str Blmgelid)Soiartdzet mentibel dioz.

TR HQMk: 88S P 1104 hA 9F dal. trr%n@' %gv\ﬁ(ﬁ% dﬁ:rlﬁ ands gserted

ses to be punped fromthe punp
f%cﬂ I%edoFablAf 2 ramerrd®L ahd hﬁbol%mllrbcm@ @mbodlgnent

tREAr oS @%&Eé@@' gkl tuel IlnaIQﬂ?erlatﬂ@nanclhﬁggs%#\éoég&gj 135,
in FIG. 3, a crane bearing 112 is attac

THS 398G "n Timetesinopace tor tHe Bdani mg 13t® tl@arairel 102,
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‘126utisrtwdeng 8. maMX 2007607 62Q3PEHS DBER06DHB54953 mandrel
6 is attached to_a swing arm

re%gggg‘% g{r]%eg g:rgalrté: aﬁggglg%ﬁké% T PE5 ATFhé 2w Ryt aﬁ”fﬂ“?’é@ by
a jfgstener 115B, to secure the mandrel 102 to the swing arm
120, and hence to the swivel mounting device 125.

[0029] Thus'assembled, the hub 106 is-;dtatably-connected
to the mandrel 102, while the mandrel 102 is staticnary with -
respect to the swivel mounting device 125, allowing the coiled
tubing'.string 108 to rotate when mounted to the swivel
“assembly 100, while allowing the pumps 104 to remain
stationarily when mounted to the swivel assembly 10§. Alseg,
in the depicted configuration, the hub 106 is axially aligned
with the‘mandrel 1c2, allowing a pumped substance to flow in a
straight line through inner bores 140 and 142, respectively,
in the hub 102 and the mandrel 106. For example, in the
depicted embodiment, an inlet 111 to the mandrel bore 142 is
axially'aligned with an outlet to the hub bore 140. TIn one

embodiment, a pressure transducer 144 is attached to the



pivotally attached to a swi vel nounting device 125 as
shown in FI Gs. 5A-5C and di scussed in further detail
bel ow. A dogplate 124 is attached to both the inner
ring 114 and the hub 106, allowi ng the inner ring 114
aRe B Hib 106 to rotate together. [OOZ?]A@@&Q‘)&%&M

126, such as any appropriate dynam c seal
attached to an outer surface of an end of the mandrel
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mjwen inserted into a bore 134 in an end of the hub
106. I n one enbodinent, the outer surface of the

[9fidr el HB2 i hclaars éﬁc@éﬂtllaﬁgegi%ﬁndTﬁél@béiy ngza@erated

cERGr easesofde JidotdonHen dheemBhdrels 102, JiNGiheases .
the vveak\)rg life of the mandrel 102 dgcreates a
| i'diFg S aRe-Sfp oht v 01‘11’% henpadkf ngf126enerane

bera&tlat;ellt 00381 a#h packiniy f=etkai nek la%§ch5a§ét@&$}€dsjh%htly
for exanple at attachment | ocation 130

latrgegegg?% tie PHAG AGoT96° beb hethf tHEerdfal ePeatinggnd 18,
cdnluemetb ﬂ.ﬂ@rel‘h meeéliﬁitﬁlw&ibllﬁg iy addaachedosta, =150

0, for exa a fastener 1155, to
Somgg %% ei'rO 132 ?oGgE%l%V\%ﬁ@har mti5®, Capiguration

alhensetm@ dte rawiat ebe ADLNG d ruglade:\ol ¢avd22. pb 0020w ntact
connected to the

the hub 106 is_ro bl
(P’ i rellggloﬁh S WHT T tjlﬁlg mafara-° gdéy?sse SHRERGhaP YRR h P~
PqY asrp:e;kmcetsoathefﬂmmzejlynﬁuﬁémmgi deviceeod 26rl [(@WMMY. as
a b il lhg strin t at en _noun
r%gu%g sgvltg%e Pas%e%alrm%oéqz%v\/r?% gl I gvm\?%ﬁ Fh@uﬁi}n‘g@rger
lod@4corviegmicarstat v otﬁm-n Immnlmuateﬂgt@ddﬁblgmvehsed
a £ n e de t.e nfi.gur.ation,
™ ﬁél% %é/lf%%ol 1éﬁéelxﬂlogal 1&% gne%en%’ ?ﬁ of L%‘ r PTIR, 2Tt
- digfgstidhgahoprinped salb@tranae tBI¢ ] ov‘v in a&ssteatight in  one

embbdindif OUGHL | RS b hﬁ&éﬂ%gaoe 1] Mg egecﬂ'f ‘éoeéaéﬁ the

in the hub 102 an e nman
Prefiidepilepdd eprRfiaventy ahhé nlmtnokill tscblstmlcrm;ndpabsmg

thP&Ig% 142 'sw?&l@éi a“){y %dtgrlﬁ%owthg Qgefuféa% ctr%S‘i:Qg Ik;]y the

bore 140. In one enbodi nent, a pressure transducer
weighF o Abe aehddd ubhey Bl 108.
[00’5)}_@7/ 072150&?&%’%@%209@{955&9&9@”%@ ?éaé&%n[ 88%%%154 5~ 1)

the internal pressure of the mandrel 102
acying, diis S afll eff e d1ARALEPR gATIlY ERAgHERRR daréngstl2 is

ne&Ret ioNataewrd thei or ane bgariNgr112,0f bgh&i?cﬁ méiRent

1 aA:IS \r/gg t he i nner andouter rings 114 and 116 of
oxdsarte HeAT | A 115°_bR% T f 505 NGOt heds tuEEanF e dr €00,

wheaaah &hlegfﬁdly_eﬁartgibﬁ.nﬁh@ﬁlt@;e eut ehodianet eargf atb&ribea

heri cal bear.in 118, . cont ai ned t herein,
abc3f i JRET YT BDIBHG Toie covat! Hrifedd aFsFRoist 2fedn order to

canref ehe ewdaﬁlmuaSyadEﬁé&Hle a.b@bs This* configuration
oi nts of .

LLows t he S herl bearings 118 to have 4
[00% bﬂ actzE (%zﬁ § hceonii{a]%g{&a’iﬁ%n ®ach? G‘of?'t hgie crane
bea@:@ngadﬂzpomt sat(tEiI:hEé) Hor otheeshud didd.er epther than the

mang&éfcfﬁg%a” ﬁ;t S L%%eéh% n}?égrgfnﬁ%% E}rﬁ‘{/ﬁért?%a%a‘:kmg

crane
l26caregs ngo cm@amgl)actetian thé ecbahé H&&arlln@g 1assesbhyt 2dbved,

andusﬁgep&otljée %8' ! egaxgé@ rcc assiienbllélé%gigé Atsofe the

prior art discusse
bea%@%‘ﬁ Fageiesd ehbodthnremwwEhe co‘ir ane bpaténgadd2dneing =

apLy [ he, p e | reate
S lnpe s%gg%ngrﬁ%egs p&(a‘gozll%r%g thgggﬁh ecoéj\%ml\géf:aﬁjdﬁl Buthe
al so the reel |oad created by the wei ght of the
coiled tubing reel 108. [0031]In addition, with each

of the reaction forces (Ft8 F4)



acting in a different direction, only one crane
bearing 112 is needed to carry the radial R, thrust
T, and bendi ng nonent |oads B that are inparted on
the coiled tubing swi vel 100, whereas the coil ed

tub| nq% sw vel of the prior art described above
HPEYM tipl e ball bearing assenblies 24PCHIE3HGET95

to carry the variously directly | oads. [0032] As shown
dresthe conkhgiioal i ameof nkhdze13, 10he Ghane: beariRged 12, 5

attached to the. hub 1 rat her than the mandr el .
Hffﬁémai AE"LfEh, Chet S he %‘g%‘ﬁir etV ERd/OF fRedrel 102 is

reackedg ﬂrZ;ﬁl nekds ¢ lke r eghaeedswi el Cr@&@n@ggrilru@, for
noved, nd t he ef re the t rocedure

'e%%g}?ese g SF Tt\‘?“?e PHeqrihgd rE%%NPaébdgi tyltq rswhgefub 103

apfl th@qarhe@trlagt 1@21rmaqg :&mndaetadmﬁ] aeetm@tcdlaed tubing

jL%O? O%%%%P%Tl%%f %égh%?(ge%é ﬁ%}éﬁfil SR 8%e In

apdheral, 1802 dwvrbeln e?ﬂlGace@ ithea imneicmahdapouat Hings 114
L me.q Al e n d 102 i s, r.emoye
a 6N 50 tﬁ rl:z.ygﬁ% v%%?as en{fﬁ 5816‘3 tely endﬁoses the

t he 00|IedtU|ng SW or “exa
sHR i Ipla Pepraeesent 1 &f tsh@hmamd:iﬁm ¢92atinethob 1608 the
s@m@h@aqn%e*mﬁﬁ@gﬁé%gﬁ&«mg@@ﬁ&' agached ta the zed, thus
coiled tubin In order to support the wei ﬁltl

13 feeaEginBethne u%ﬂfiﬁg of| ghadararicobeaasngHown in FI G 4,
[6du3)i nnefy anch pUt efnd | DSy 14 ér%gﬂc of cr.gn -
bearing 112 cod:}n% etely enc oseés t e%gghé:reltfggf B8"% crave
%Be‘%iﬂgng@%lfsﬂ"lé@crﬁtﬁ%@%fdm #findagisntiofn t hghe term crane

bé&{ﬂl@x"gl cad bheani 3se148 embo%gﬁt:»sé@dag§brﬂa%g]e bore ‘bearing

m ni mzed thus increasin fe of the crane

CHER Gt 1327 T O0B S Aaomﬁéa@wort W€ aBdeb desbieilpt Pok moment

1dRfser s du@ha aCTb@&anQeﬁéyngnéﬂ-@dé‘aéﬁrﬁge o§p§1ﬁh££§le races;
the term crane beari ng as used herein
P

fi t
SEHRE e o Bng® | SPUL-Tor & BsPANGPadpaDF BooTed)» end two

orcafrornel ﬁgcalcﬂm:{t@tsl @%s@ﬁb@é{di aiogert@@km Tﬁ@dcmﬁ'@@earlng
uch a be %_nd ude_ si ngle or nmultiple

| o
marya §lu§%haer}3’i ccéﬂ Ela %O%r O1PEraPt R risssd anafurd plugs,
laadpeged)otand ctdm:adr A RS0t lo&nsdéﬂd}g&ta&ée@@ls@ﬁlbly as.

get h Th earin |ncI ude a :
lotn% % gcthegndgof separa rgefgcg b 553 ﬁaﬁr{ﬁb§ ability to
calr@adrthg skt ;e dColraats assﬁt&lcﬁ;armr rdefongavidn preferably
bedSS qa they do . not interfere wt ,
ebea gﬁ%s g%%cﬁl tg“fll%gg cgr F?/ajf%ea?%qw¥e81F]6%rdsEa‘T‘?1e°ne or
moee agrecdreariing ing | opried evcalikey lﬁersupfm i edhwi t:hane bearing

ni,eg a ' 2 e_one_or grea
ma?l {D(tgl %g%t%f%eesggl gg}é?) é&%e# hé” ctane e n&aﬁgfl of
thpe spigebmagadebiy iLntor por ate oeduayr thor epeftd heount and
impPA&ES Qgs&ﬁﬁf\/\faﬂgl c@ﬁé&ﬁ‘@hyr%@rto I%héo Egrqgcgegpleng 112

parts count and | Nprove asse
she@hcdentlCer t §. e rigne béwring rim sérovimd AsBe@sly .3

[0@3‘4:1] ‘4.1 3na o%leevgnﬁﬂadrlhlegtbe@flénglaﬁéf’@ﬁbéé{a 14@120% I(pf the
ohe enbodi ment, the mandrel coating % e sw vel
SW LRl SEO0 POFPE FIGis 3prie- Sreessaet 1A pre-tveabiating

thé herisanveknapadreds 102 4t @p@c§i3§c9'tfe|rr@e§:§g@§é at yh@. gQ@lng
El&‘:oatlng 135 is then applied to the mandrel 102. F

ChERI AGPARY Has W6 Parfrel, 1 4%he AaRer e¢he1@:z>aam@g 135

haé:ch’ﬁlllﬂigfié@ afie: atlaln@\ﬂ!%d& i @2 CfoQi co-gtﬂhﬁgpi%eagret lE@Llowed to

oat | i n, conpressi on.
co C_L Hgs placer;sp the coating in compression.



WD 2007/ 077503PCT/ E132006/ 054959 [ 0035] The

tenperature of the pre-heating of the coating 135 nay

be chosen either such that the coating 135 al ways
remains belowits tensile failure limt, or the

coating 135 reaches no nore than zero conpression at
tWQzﬂf'rg%éﬁ?‘re that it is expected to experi et YRS

t he punping of desired substances through the-sw vel
[es3dnbl y 260 te[nﬁ@%ﬂizm ong enmbodi-aenéstide @Datheﬁlgcoatlpg

5 LS chos such that it efficient- of t
expangl %ﬁ i Osslerfh IeéLrtthFo tHat %atth ndP&t* %Zﬂglfai-’%ways
rexhd iows Hellewc qatsi rtgm]saﬁearfdlﬁ,hEe mahdtel d02tbe expand 135

t .si.mlar rat during use of the swyvel assenbly
B R ﬁlaf:eag%ed $thess6n :éo%o%ﬁl\rllhg FISSERAT chret 1t
i@cmsctﬁdsmmaexpa&amezredmhengoetﬂ‘.fel cpempsnof of desired

sJ er.r Bl ?ﬁ%ho%hgf éwkl‘& 10%%9 ﬁ”Podm”dre' are very

erent) 1S avol e enbodi nent the
[Q,Qi‘aith ng 185cig emhw@s@tef télesmgltengh@ﬁ@geﬂeoussen, such

A gﬂeg c%té%@lelgﬁt C%% Eﬁ&fn%qse&paggé%a&s ]{fﬁlp = W8 that

rel 102 to e coating I's appl
03’{ 0037] randeel edBddi mePis sathows that cohbwns | A3F @ad the

maﬁﬁre@clCtEhet&o'elxggn&u%‘tngsﬁwl\é%l Pﬁ%ﬁbﬁﬂrﬂ%o ﬁ§e olf the

attached to a swvel nounting device 125. The sw ve
sWhyGAt ipAgeeYY ckl 42559 nelaidexsideds witmgsar An 1202 t eoakinsh 135

(dhfi%hs%wks assembl ¥ 1100 i gnatd a{s‘l@@dc@éfﬂ%%%ﬁwe&'f thermal
above. The swing arm 120 is rotatable as shown by

expapsWPn 50 alkbat CA2PLSt 2pRnNEBEre Thare oV BEFY ol Hfeudme) is

avewkag. ar M d20 al |ows deqswbyel casselilivg 1Q§5t Os b@omposed
noved closer to or further away fromthe coi |l ed
off FhisA§Iser i PYIASEISEHE FBEFIN10. SYGH SheddFBEdi ABFRases the

welate IrentdnNgtdevine@qid0 inel udesywridrechrli eaktSAPP135 is
156, which interferes with the rotation of the sw ng
apgﬂfr?‘izo in order to linit the rotative novement of

[obBR] SW N &g ldbodE@enexaspte &8 @iﬁlﬁ: eshadi nentsidshe sa-
sto 156 vents the SWI arm Of m, exceedi nhg. an
PR PR M W Sl R HE A A
swunebt heﬁnei‘fbpddimn‘tes 1de st ope 1561@@11 ﬁb]krmﬂrfgordeaii)ée 125

- d |
S S SO AT 06 OB ABEET GaFthES br sty 100 s

attesiced pis o@eha&bleelerabpvesenﬂ?bel wiwifig arm 120 is rotatable
- as shown by arrow 150 about a pivot pinm 152. The rotation of
the swing arm 120 allows the swivel assembly 100 to be moved
closer to or further away from the coiled tubing string 108
and reel 1140. In one embodiment, the mounting device 120
includes a mechanical stop 156, which interferes with the
rotation of the swing arm 120 in order to limit the rotative
movement of the swing arm 120. For example in one embodiment,
the stop 156 prevents the swing arm 120 from exceeding aﬁ
‘angle of approximately 26° past the vertical, however in other

embodiments the stop' 156 can &allow for any desired angle of

rotation.
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reference to presently preferred enbodi nents of the

i nvention. Persons skilled in the art and technol ogy
to which this invention pertains will .appreciate

that alterations and changes in the described
structures and net hods of operation can he practiced
WOt 7i%ani ngf ul |y departing fromthe pri merpbmpsosiess
and scope of this invention. Accordingly, the '

(66590 n@hge%(itéb{@&i %.QQHJ:]QP&%B be o a;?éjeynaspreserﬁ:éeai with

pertaining only to the precise structures descri
TaFRIFEITEWRC | AT R o BFBARYTIY abadinersss but that hevention.
&R0 beiTead as cansi gtenty it suppoLt  £Or in;
the follow ng clains, mﬁ%§h6%¥2 ?%ﬁﬂgeggghggf %ﬁﬁ%gsﬁmls
TP AN eBET SR PR, vidlaj mgpreciate  thpr | AAterffiwlsd and
cRERREDIY GORPIHeSCRULAY PYAP,SNRECHEE hRtRodd MdAUsPLration
coi l.ed tubing by a coiled tubing sw vel assenbly, the
CTbi PEJ PTG eSwi VT s e ABRYL R Ysi PRpa T imandfepn  the
paidcdphed tzadt hecquenDor this @vRHBiIEO! at ablasathaehed the
L0 t he ndrel- and further attached to an end of the
TIFE°AG of S TTIPEG CF UBP G DA €81 FRRYF tafhiBRg tReRINY only to
thwhemekhss her rangiek asseiitedubdt sgaihan kaemacdddbd:ing

conduit.for passage,of unped. substance; and .

FEVEEER g T s%e&nﬁ P-&#ﬁgg? e 2 gufer - Heariitg and as
SUPROES cfaeﬁ:i niteg aﬁimm.jml@glbq/laamhedvmzﬁﬁﬁl QSAd ﬁtcﬁ Ohave their
; ate a spherical bearing, erein the stew ng
:ﬁgﬁﬁgg?g not in di P88t physical cOMEEt with the  Scope-
mandr el . " 2. The assenbly of claim1, wherein

the inner race is attached t-o the hub. 3. The
assenbly of claim1, wherein the mandrel is axially
aligned with the hub. 4. The assenbly of
claiml1l, wherein the nandrel and the hub each
conpri se an i nner bore, and wherein an inlet to the
mandrel -inner bore is axially aligned with an outl et
to the hub inner bore. 5. The assenbly of
claim1, wherein the mandrel conprises a coating that
is prestressed such that it is in conpression when
attached to the mandrel.
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6. The assenbly of claim1l, wherein the slewing ring
has a stress bearing capacity sufficient to support
stresses inparted thereon by the string of coiled

t ubi ng. 7. The assenbly of claim 1, wherein
the slewing ring has a stress bearing capacity
sufficient to support stresses inparted thereon by
the string of coiled tubing during a coiled tubing

ciad eration. 8. The coil ed tubing sw vel
d%enbly of claim1, wherein the mandrel is
stationary as the hub rotates. 9. The coil ed
tUb' o orfngd &)nn&ﬂ@d & dstfifof coiled tubing
o B YKo BRR i Rhof D SonnthB @ thtfof e

bya urh)ied Quiking Sweve] assRsTHiY. ;ih%ﬁmk@ﬁamggwwh 8?9&'"119 % FREHISHY s
mué]fflﬁﬁdrgpalﬁﬁ@ﬁﬁ t%qge gumbhe string of coiled tubing.
t

e Col

bi I
el shon g8 vl 35 BP9 s or

stmf’?ggbf@oﬁeoottjblﬁé’ Bk aCdoildd iubln‘gh@els\plh@é[h(ﬂ'&i mbeheliang .the hub together
field assenbly punp for

fO”’p@ﬁﬁidr@“W'UP%Eastsﬁg%\ofl%P‘l’r%‘? tb fsag?g PAY of coil ed
t ubd Hgwihg by BomBrigiey ihask atﬂdbjuttg beerlg; racesctefiniog iah edlongly

arcﬁgdbtlanr:: osﬁ’P’e"’ t(\J/ gcl:co%wsr%gd eg Rém:al bearlgg wherein the slewing ring is not in

direct phys:cal contact W|th the mandrel.

2. The assembly of claim 1, wherein the inner yace is attached to the hub.

3. The assembly of claim 1, wherein the mandrel is axially aligned with the hub.

4. The assembly of claim 1, wherein the mandrel and the hub each comprise an

inner bore, and wherein an iniet t6 the mandrel inner bore is axially aligned with an outlet

to the hub inner hore.

5.The assembly of claim 1, wherein the mandrei domprises a coating that is pre-

stressed such that it is in compression when attached to the mandrel.

6. The assembly of claim 1, wherein the slewing ring has a stress bearihg

capacity sufficient to support stresses imparted thereon by the string of coiled tubing.

7. The assembly of claim 1, wherein the slewing ring has a stress bearing

capacity sufficient to support stresses imparted thereon by the string of coiled tubing

during a coiled tubing operation.

8. The coiled tubing swivel assembly of claim 1, wherein the mandrel is

stationary as the hub rotates.
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AN

a mandrel stationarily nounted to the punp; a

hub rotatably attached to the mandrel and further
attached to an end of the string of coiled tubing,
wherein the mandrel and the hub together forma fluid
conduit for passage of said fluids; and a sl ew ng

ring attached to the fluid conduit, wherein the

sl ewing ring conprises oobl ngly arched bearing races
accomodati ng a bearing, wherein the slewing is not

in ?- direct physical contact with the mandrel.

13. dheecasikertbing edivel aisembi® of vhaiar &iwhetdve theamahdes! isanelnted

to% e hub each conprise an inner bore, and wherein an
WP o the mandrel inner bore is axially aligned
with an outlet to the hub inner bore. 14. The

asse{HOw?g&n{eslt@@ o MRELFUD of BETRURERIN FORRS IS to

coating resse suc
saxd@mproémslstrmg\mewiedttulanmed to the mandrel . 15. A
nmet hod of punping a fluid into a well bore conpri sing:

providing a punp; providi a string of coiled tubing
at t Athide codechiubio|sedyel aﬁerr%iyr%f@la'm 1, Wheremé*aﬁw%faﬁgﬂyrﬁgcfaed

SRR lspheliyBearmgl d punp and
e“‘gg%drgg?‘ieﬁﬁgﬁn%’%’ﬁ%%f@é‘é&?ub. ng,s_a\%hér ein rsgl d connecting

conpr i ses:
12. An oilfield assembly comprising:

a pump for pumping fluids to a wellbore;

a string of coiled tubing held by a coiled tubing reel; and

a coiled ubing swivel assembly comprising:.

a mandrel stationarily mounted to the pump;

a hub rotatably attached to the mandrel and further attached to an end of the

-rstring of coiled tubing, wherein the mandrel and the hub together form a fluid conduit for

passage of séid fiuids; and
a slewing ring attached to the fluid conduit, wherein the slewing ring comprises

oblongly arched bearing races accommodaﬁng a bearing, wherein the siewiﬁg is notin

3irect physical contact with the mandrel.

13. The assembly of claim 12, wherein the mandrel and the hub each comprise

an inner bore, and wherein an inlet to the mandrel inner bore is axially aligned with an

ouflet ’_co the hub inner bore.

14, The assembly of claim 12, wherein the mandrel comprises a coating that is

pre-stressed such that it is in compression when attached fo the mandrel.

15. A method of purnping a fiuid into a wellbore comprising:

providing a pump;

providing 4 string of coiled tubing attached to a coiled tubing reel;

connecting a coiled tubing swivel assembly between said pump and said string of

coiled tubing, wherein said connecting comprises:



nounting a mandrel to the punp, and rotatably
mounting a hub to the mandrel through a slewing ring
.of .oblongly arched bearing races accommodati ng a
bearing and further nounting the hub to an end of the
string of coiled tubing, wherein the mandrel and the
hub together forma fluid conduit; and

operating the punp-to punp said. fluid into the

Il b t d the st f
coi Tod s i i PR L 20 g T not

dir le:d:zttamhmeurﬁmlg a:imrtttaditle wandret theougtn A gleating ring of oblongly
arcgeag Bearr g?%ceg ﬁc&;rﬁh%r}iﬁPe %Flfgé Bnd m%héj rﬁﬁMrﬁgg fHeﬂﬁJb to an end

a pressu creat ed sai d nplqg
of thé stsiag df ¢diled Wpingnuhereindbe mapdee! erdiae @ab efh@éfqn@
r?c{ustqh% coi | ed tubing reel. 17. The nmet hod of
m 15, further conprising providing a coile

t ubbpegpting dire pumep therdeesHATIA iR tSINAIPB! W2 &tk f\ﬁ'ﬁj Cangyit and
the%s&nw Eﬂleg 'ﬁfb{ I M BleifERaERliNg fify @hbEie aRest physical contdd with
¢l al

m 15, wherein the mandrel is
thegmargialy al i gned with the hub, and wherein the mandrel
is' stationarily nounted to the punp. 19. The

gg;g%gy?é ﬁi%{h%;ﬂ g]f éz,ggg\g'\?é@%%n il‘[?eﬂg\@ag%r?q st‘,qug $ hg'tﬁ a pressure

load eRRA%Yisaik piiRnpéisariTRil, bad bites! laddredted by the weight of the ™.

coiled tubing reel.

17. The method of claim 15, further comprising providing a coiled tubing
mounting device having a pivotable swing arm to which the swivel assembly is attached.

_ 18. The method of claim 15, wherein the mandrel is axially aligned with the hub,

and wherein the mandre! is stationarily mounted to the pump.

19. The method of claim 15, wherein the mandrel comprises a coating that is pre-

stressed such thatiiis in compression when attached fo the mandrel.
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