
WO 2007/077503PCT/IB2006/054959 COILED TUBING SWIVEL
ASSEMBLY FIELD OF THE INVENTION [0001]The present
invention relates generally to a coiled tubing swivel
assembly, and particularly to a coiled tubing swivel
assembly having a crane bearing-as defined herein.
BACKGROUND [0002]Coiled tubing is used for a wide
range of oil well operations, such as drilling,
logging, cleanouts, fracturing, cementing, under
reaming, fishing, completion, and production
operations, among other operations. 10003]A coiled
tubing string is typically wrapped around a  reel and
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 opksite end of the
coiled tubing string rotates along with the coiled
tubing reel when 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, alcohol, and
solvents), foams, and solid suspensions (such as
fracturing fluids and jet cleaning materials).
[0005jFIG. 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  WO
2007/077503PCT/IB2006/054959 hub 14 for connection to
a coiled tubing string.As is typical with coiled
tubing swivels of the prior art, the depicted swivel
10 includes a right angle turn or an elbow 16. Such
coiled tubing swivels wear out very rapidly at the
elbow 16 when solids, such as sand, are pumped
therethrough.  [0006] As shown, the hub 14 includes a
first section 18 screw fastened to a second section
20. Before assembly with the hub, a packing 22 and
ball bearing assemblies 24 are attached to the outer
diameter of the mandrel 12. The ball bearing
assemblies 24 each contain an inner ring 26 and an
outer ring 28,with spherical bearings 30 disposed
therebetween.The ball bearing assemblies 24 are press
fit 



onto the outer diameter of the mandrel 12, and must
be precisely aligned both parallel to the mandrel
axis and concentric with the mandrel axis. If either
ball bearing assembly 24 is misaligned in either of
these respects, it will wear and/or fail quickly.
[0007]After the packing 22 and ball bearing
assemblies 24 have been assembled on the mandrel, the
mandrel 12 is inserted into the hub first section 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 problem with the above-described
coiled tubing swivel 10 is that any replacement of
the mandrel 12 requires reinstallation of the ball
bearing assemblies 24. Due 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 time
consuming process. [0009]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 a pumped substance flowing  WO
2007/077503PCT/IB32006/054959 therethrough.This
tensioning of the coating can lead to cracks forming
therein due to the mismatch in elastic moduli 



between the mandrel 12 and the coating.These cracks
form sites for crevice corrosion, leading to
disengagement of the coating from the mandrel 12 and
failure in the packings 22. In some prior art swivels
this coating has a coefficient of thermal expansion,
which is substantially different from the mandrel to
which it is applied, and the application of the
coating to the mandrel is done at high temperatures.
These factors also act to create tension on the
coating during use.  [0010] FIG. 2 shows an enlarged
and slightly exaggerated cross sectional view of a
portion of the ball bearing assembly 24 of FIG. 1. As
shown, the inner and outer rings 26 and 28 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 that is thicker, or extends- further around
the spherical bearings 30, than the other side 29.
Also, the ball bearing assembly 24 will not function
properly unless the thicker side 27 of the outer race
28 is disposed caddy-corner from the thicker side 27
of the inner race 26. Thus, creating the possibility
of an improper installation of the ball bearing
assemblies 24 on the mandrel 12. [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 order to adequately carry
radial R, thrust T, and bending moment loads B, two
or more ball bearing assemblies 24 must be used in
combination, preferably adjacently positioned on the
mandrel 12 (as shown in FIG, 1), and oriented.
oppositely such that their reaction forces F
oppositely directed. With the reaction forces F are
oppositely directed, the ball bearing assemblies 24
can react to a larger variety of forces.  



[0012]Another problem with this ball bearing assembly
24 configuration is that openings 15 on the sides of
the assembly 24 expose the spherical bearings 30 to
the outside environment, such as dust and debris.
Contamination of the bearings 30 by such debris
causes the ball bearing assembly 24 to wear and/or
fail quickly. Accordingly, a need exists for an
improved coiled tubing swivel assembly. SUMMARY
[0013]One aspect of the invention provides an
oilfield assembly comprising a pump connected to a
string of coiled tubing by a coiled tubing swivel
assembly, the coiled tubing swivel assembly
comprising: a mandrel attached to the pump; a hub
rotatably attached to the mandrel and further
attached to an end of the string of coiled tubing on
a coiled tubing reel, wherein the mandrel and the hub
together form a fluid conduit for passage of a pumped
substance; and a slewing ring comprising inner and
outer bearing races defining an oblongly arched
enclosure to accommodate a spherical bearing, wherein
the slewing ring is not in direct physical contact
with the mandrel.  [0014]A further aspect of the
present invention provides 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 tubing 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 string of coiled tubing,
wherein the mandrel and the hub together form a fluid
conduit for passage of said fluids; and a slewing
ring attached to the fluid conduit, wherein the
slewing ring comprises oblongly arched bearing races
accommodating a bearing, wherein the slewing is not
in direct physical contact with the mandrel. [0015]A
further aspect of the present invention provides a
method of pumping a fluid into a wellbore comprising:
providing a pump; providing a 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: mounting a mandrel to the pump, and
rotatably mounting a hub to the mandrel through a
slewing ring of oblongly arched bearing races
accommodating a bearing and further mounting the hub
to an end of the string of coiled tubing, wherein the
mandrel and the hub together form a fluid conduit;
and operating the pump to pump said fluid into the
wellbore, via the fluid conduit and the string of
coiled tubing, wherein the slewing ring is not in
direct physical contact with the mandrel.  



WO 20071077503PCT/B32006/054959 BRIEF DESCRIPTION OF
THE DRAWINGS [0016]These and other features and
advantages of the present invention will be better
understood by reference to the following detailed
description when considered in conjunction with the
accompanying drawings wherein: [0017]FIG. 1 is a side
cross-sectional view of a coiled tubing swivel
according to an embodiment of the prior art;
[0018]FIG. 2 shows an enlarged and slightly
exaggerated cross sectional view of a portion of a
ball bearing assembly, which forms part of the prior
art coiled tubing swivel of FIG. 1; [0019]FIG. 3 is a
side cross-sectional view of a coiled tubing swivel
according to an embodiment of the present invention; 



[0020]FIG-. 4 shows an enlarged and ,slightly
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-50 show
side, side cross-sectional, and top views,
respectively, of the coiled tubing swivel of FIG. 3
attached to a mounting device. DETAILED DESCRIPTION
OF EMBODIMENTS OF THE INVENTION  [0022]As shown in
FIGs. 3-5C, embodiments of the present invention are
directed to a coiled tubing swivel assembly. In 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 another
'embodiment, the coiled tubing swivel assembly
according to the present invention includes a mandrel
that may be replaced without the need to disassemble
the associated bearing assembly, thus decreasing the
time associated with replacing the mandrel. In yet
another embodiment, the swivel  WO
2007/077503PCT/1132006/054959 assembly mandrel
includes a coating that is pre-stressed such that it
is in compression when attached to the mandrel, thus
reducing the possibility of the formation of cracks
in the coating during the pumping of substances
through the swivel assembly. [0023]FIG. 3 shows a
coiled tubing swivel assembly 100 



according to one embodiment of the present
invention.The swivel assembly 100 includes a mandrel
102 for connection to fluid and/or gas pumps 104
(hereinafter pumps), and a hub 106 for connection to
a first end 105 of coiled tubing string 108, which is
held on a reel 110. An opposite end (not shown) of
the coiled tubing string 108 extends from the reel
110 to an injector (not shown), which moves the
coiled tubing string 108 into and out of a
wellbore.[Note that the pumps 104, the boiled tubing
string 108, and the coiled tubing reel 110 are each
shown schemaficallY ill FIG. 3 so that the coiled
tubing swivel 100 may be enlarged and shown in more
detail.]  [0024]The first end 105 of the coiled
tubing string 108 rotates along with the coiled
tubing reel 110 when the coiled tubing string 108 is
dispensed onto and off of the reel 110. As such, the
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 order to allow fluids and/or
gases to be pumped from the pumps 104, through the
coiled tubing string 108, and into a wellbore during
various desired oil well operations.  [0025]As shown
in FIG. 3, a crane bearing 112 is attached by press
fitting an inner surface of the bearing 112 to 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 accompanying
description for further details on the races) which
together ' receive spherical bearings 118, allowing
the inner ring 114 to rotate with respect to the
outer ring 118.  WO 2007/077503PCT/D320061054959
[0026]The outer ring 116 is attached to a swing arm
120, for example by a fastener 115A.The swing arm 120
is 



pivotally attached to a swivel mounting device 125 as
shown in FIGs. 5A-5C and discussed in further detail
below. A dogplate 124 is attached to both the inner
ring 114 and the hub 106, allowing the inner ring 114
and the hub 106 to rotate together. [0027]A packing
126, such as any appropriate dynamic seal, is
attached to an outer surface of an end of the mandrel
102. The packing containing end of the mandrel 102 is
then inserted into a bore 134 in an end of the hub
106. In one embodiment, the outer surface of the
mandrel 102 includes a coating 135. The coating 135
decreases the friction on the mandrel 102, increases
the wear life of the mandrel 102, and creates a
slick, sliding surface upon which the packing 126 may
rotate. [0028] A packing retainer 128 is attached to.
the hub 106, for example at attachment location 130,
to secure the packing 126 between the mandrel 102 and
the hub 106. A Mandrel retainer 138 is attached to
the swing arm 120, for example by a fastener 1155, 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 rotatably connected  to the
mandrel 102, while the mandrel 102 is stationary 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 100. Also, in the depicted configuration,
the hub 106 is axially aligned with the -mandrel 102,
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. In one embodiment, a pressure transducer
144 is attached to the  WO
2007/077503PCT/D32006/054959, mandrel 102 to measure
the internal pressure of the mandrel 102. [0030]FIG.
4 shows an enlarged and slightly exaggerated  cross
sectional view of the crane bearing 112 of FIG. 3. As
shown, the inner andouter rings 114 and 116 of the
crane bearing 112 contain facing races 146 which are
each slightly larger than the outer diameter of the
spherical bearings 118, contained therein, and
slightly oblong or oval shaped, also sometimes
referred to as a Gothic arch. This configuration
allows the spheriCal bearings 118 to have 4 points of
contact (RI-P4) with the races 146. Each .of these
contact points (F1-F4) produces a differently
directed reaction force (F-F4). As a result, the
crane bearing 112 of FIG. 3 has a much larger load
carrying capacity than the ball bearing assembly 24
used on the coiled tubing swivel assembly 10 of the
prior art discussed above and shown in FIG. 1. As
such, in one ,embodiment, the crane bearing 112 not
only supports the pressure loads created by the
pumped substances passing through the swivel 100, but
also the reel load created by the weight of the
coiled tubing reel 108. [0031]In addition, with each
of the reaction forces (Ft-F4) 



acting in a different direction, only one crane
bearing 112 is needed to carry the radial R, thrust
T, and bending moment loads B that are imparted on
the coiled tubing swivel 100, whereas the coiled
tubing swivel of the prior art described above
requires multiple ball bearing assemblies 24 in order
to carry the variously directly loads. [0032]As shown
in the configuration of FIG. 3, the crane bearing 112
i8 attached to the hub 106, rather than the mandrel
102-. As such, when the mandrel 102 and/or the
packing 126 needs to be replaced, the crane bearing
126 is not moved, and therefore the timely procedure
of resetting of the bearings required by the swivel
of the prior art during a mandrel replacement is
avoided. With the Configuration of the  WO
2007/077503PCT/1112006/054959  present invention, the
mandrel 102 can be replaced in a minimal amount of
time. Also, even when the mandrel 102 is removed from
the coiled tubing swivel assembly 100, for example
during a replacement of the mandrel 102, the hub 103
and crane bearing 112 may remain attached to the
coiled tubing 108 in order to support the weight of
the coiled tubing. In addition, as shown in FIG. 4,
the inner and outer rings 114 and 116 of the crane
bearing 112 completely encloses the spherical
bearings 118, such that contamination of the
spherical bearings 118 by dust and debris is
minimized, thus increasing the life of the crane
bearing 112. [0033]Although, the above description
refers to a crane  bearing 112 having a specific
configuration, the term crane bearing as used herein
encompasses any large bore bearing capable of
carrying a combination of axial, radial, and moment
loads. Such a bearing may include single or multiple
races; spherical balls or rollers (crossed and/or
tapered); and two or more sections/rings assembled
together. The crane bearing may include any
combination of separable races, loading plugs,
loading slots, Conrad assembly, or deformation
assembly as long as they do not interfere with the
bearing's ability to carry the required loads. The
crane bearing will preferably be supplied with
integral seals and may either have one or more grease
fittings or be sealed for life. The crane bearing may
be custom made to incorporate one or more of the
parts of the swivel assembly into it to reduce the
parts count and improve assembly and
concentricity.The crane bearing 112 shown in FIGs. 3
and 4 is a slewing ring bearing assembly.  [0034]In
one embodiment, the mandrel coating 135 of the swivel
assembly 100 of FIG. 3 is pre-stressed by pre-heating
the swivel mandrel 102 to a specific temperature. The
coating 135 is then applied to the mandrel 102. After
the coating 135 has solidified, the mandrel 102 and
coating 135 are allowed to cool. This places the
coating in compression. 



WO 2007/077503PCT/E132006/054959 [0035]The
temperature of the pre-heating of the coating 135 may
be chosen either such that the coating 135 always
remains below its tensile failure limit, or the
coating 135 reaches no more than zero compression at
the pressure that it is expected to experience during
the pumping of desired substances through the-swivel
assembly 100. [0036]In one embodiment, the coating
135 is chosen, such that its coefficient- of thermal
expansion is similar to that of the mandrel 102. This
allows the coating 135 and the mandrel 102 to expand
at similar rates during use of the swivel assembly
100, so that added stress on the coating 135 (which
occurs in situations where the coefficients of
thermal expansion of the coating and mandrel are very
different) is avoided. Also, in one embodiment the
coating 135 is composed of a single, homogeneous
matrix. Such a matrix increases the wear life of the
mandrel 102 to which the coating 135 is applied.
[0037]In one embodiment, such as that shown in FIGs.
5A- 5C, the coiled tubing swivel assembly 100 is
attached to a swivel mounting device 125. The swivel
mounting device 125 includes a swing arm 120 to which
the swivel assembly 100 is attached as described
above. The swing arm 120 is rotatable as shown by
arrow 150 about a Pivot pin 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 110. 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 an
angle of approximately 26 past the vertical, however
in other embodiments the stop 156 can allow for any
desired angle of rotation.  WO
2007/077503PCT/1132006/054959 [0038]The preceding
description has been presented with 



reference to presently preferred embodiments of the
invention. Persons skilled in the art and technology
to which this invention pertains will .appreciate
that alterations and changes in the described
structures and methods of operation can he practiced
witheut meaningfully departing from the principle,
and scope of this invention. Accordingly, the
foregOing description should not be read as
pertaining only to the precise structures described
and shown in the accompanying drawings, but rather
should be read as consistent with and as support for
the following claims, which are to have their fullest
and fairest scope.  Claims:          1...An oilfield
assembly comprising a pump connected to a string of
coiled tubing by a coiled tubing swivel assembly, the
coiled tubing swivel assembly comprising: a mandrel
attached to the pump;        a hub rotatably attached
to the mandrel and further attached to an end of the
string of coiled tubing on a coiled tubing reel,
wherein the mandrel and the hub together form a fluid
conduit.for passage of a pumped substance; and
a stewing ring comprising inner and outer bearing
races defining an oblongly arched enclosure to
accommodate a spherical bearing, wherein the stewing
ring is not in direct physical contact with the
mandrel.         2. The assembly of claim 1, wherein
the inner race 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 inlet to the
mandrel inner bore is axially aligned with an outlet
to the hub inner bore.         5. The assembly of
claim 1, wherein the mandrel comprises a coating that
is prestressed such that it is in compression when
attached to the mandrel. 



6. 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.         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.        9. The coiled
tubing swivel assembly of claim 8, wherein the
mandrel is mounted to the pump.       10. The coiled
tubing swivel assembly of claim 9, wherein the hub is
mounted to said end of the string of coiled tubing.
11. The coiled tubing swivel assembly of claim 1,
wherein the oblongly arched enclosure have four
points of contact with the spherical bearing.
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
tubing 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 string of coiled tubing,
wherein the mandrel and the hub together form a fluid
conduit for passage of said fluids; and a slewing
ring attached to the fluid conduit, wherein the
slewing ring comprises oobl ngly arched bearing races
accommodating a bearing, wherein the slewing is not
in ?- direct 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 outlet to 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 to the mandrel.       15. A
method of pumping a fluid into a wellbore comprising:
providing a pump; providing a 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: 



mounting a mandrel to the pump, and        rotatably
mounting a hub to the mandrel through a slewing ring
of oblongly arched bearing races accommodating a
bearing and further mounting the hub to an end of the
string of coiled tubing, wherein the mandrel and the
hub together form a fluid conduit; and
operating the pump-to pump said fluid into the
wellbore, via the fluid conduit and the string of
coiled tubing, wherein the slewing ring is not in
direct physical contact with the mandrel.         16.
The method of claim 15, wherein the slewing ring
supports both a pressure load created by said pumping
of said fluid, and a reel load created 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 mandrel
is stationarily mounted to the pump.         19. The
method of claim 15, wherein the mandrel comprises a
coating that is prestressed such that it is in
compression when attached to the mandrel. 


