
;e3eZZ\Ft6TM2-~J OCT 20D2 Description Threaded Connection Technical Field
The present invention relates to techniques for connecting together 5
tubular members and the like. More particularly, the invention relates `to
methods and apparatus for making threaded connections between connector
members by relative rotation between the connectors, and using fluid
pressure between the connectors to produce axial and radial loading in the
completed connection, but without the need to apply axial forces to drive
the connectors 10 together. Background of the Invention Strings of tubular
members, or pipes, are utilized in many applications, and are particularly
important in the oil and gas industry. In offshore as well as land
operations for drilling and production, for example, connections 1 S
between pipes in a string must provide both structural strength and fluid
pressure integrity. Typical connectors available include the threaded type,
breach block connectors, and snap lock connectors. Some connectors use
heat, fluid pressure, or mechanical force to obtain a shrink fit, in some
cases overriding threads or annular teeth carried by the connectors. In
some cases 20 complex tools or other machinery are required to complete
such connections. Threaded connections between pipe members are typically
made by providing one end of one pipe member with a male connector in the
form of an externally threaded pin member, and providing the end of the
second pipe member with a female coupler in the form of an internally
threaded box 25 member which receives the pin member. The pin and box
members may be integral parts of their respective pipe members, or may be
added thereto by    2.9 OC1 2002 welding or threaded engagement, for
example. Various thread constructions are known, including tapered threads
and straight threads, for example. It is desirable and advantageous to
provide a technique for connecting together pipe members that is relatively
quick, that provides great structural 5 strength for the connection, that
provides a connection of great fluid pressure integrity, and that does not
require complex additional machinery or tools to carry out. The present
invention provides method and apparatus for achieving all of these
advantages. 



Summary of the Invention 10 The present invention provides method and
apparatus for completely making up a threaded connection between two
threaded connectors by relative rotation between the two connectors,
utilizing fluid pressure between them to overcome radial load resistance
during make up by rotation, and thereafter to produce axial and radial
loading in the completed connection by releasing the 15 fluid pressure, but
without applying longitudinal forces to otherwise drive the two connectors
together to make up the threaded connection. A pin connector having a neck
with tapered, external threads, may be stabbed into a box connector having
a collar with tapered, internal threads, until stab flanks of the external
threads contact stab flanks of the internal 20 threads. Rotational motion
of the pin relative to the box, for example, meshes the threads and screws
the neck of the pin into the collar of the box. Two combinations of bump
seals and corresponding conical seal surfaces, or ramp seals, seal the neck
to the collar on opposite axial sides of the meshed threads, establishing a
generally annular sealed zone between the internal and external 25 threads,
and between the bump seals. As the neck is advanced into the collar by
threading, the bump seals advance along the ramp seals, increasing the
radial load resistance between the -2   2.9 OCT 2D02 bump seals and the
corresponding ramp seals. Torque is applied to rotate the pin relative to
the box until the increased radial load resistance at the bump seals stalls
the rotation of the pin. Fluid pressure is applied to the sealed zone
through a port in the collar, for example, to radially contract the neck
and 5 radially expand the collar, reducing the radial load resistance at
the bump r seals. The pin may then be further advanced into the box by
rotation and continued threading. As the bump Seals continue to advance
along the ramp  seals, increasing the radial load resistance, additional
fluid pressure may be applied to the sealed zone to reduce the radial load
resistance so that the pin 10 may continue to be advanced into the box by
the threading process. The pin is thus advanced into the box by threading
until load surfaces of the pin and box contact, in addition to contact
between the internal threads and the external threads. The pin includes at
least one, generally annular, axial load surface, and the box includes a
like number of generally annular, axial 15 load surfaces. Thus, a first,
generally annular, axial load surface may be included as part of the pin,
and a second, generally annular, axial load surface may be included as part
of the box such that the pin load surface contacts the box load surface
when the pin is completely threaded into the box. Further, the pin may
include a third, generally annular, axial load surface and the box 20 may
include a fourth, generally annular, axial load surface such that the third
and fourth axial load surfaces mutually contact when the first and second
axial load surfaces mutually contact. 



More particularly, the pin may include generally annular, axial load
surfaces in the form of an end face at the leading end of the neck and a
load 25 shoulder at the opposite end of the neck; the box may include
generally annular, axial load surfaces in the form of an end face at the
leading end of the collar and a load shoulder at the opposite end of the
collar. The pin may thus -3   ' 2. ~ OCT 2002 be advanced into the box
until the end face of the pin contacts the load shoulder of the box, and
the end face of the box contacts the load shoulder of the pin. Then,
release of fluid pressure from the sealed zone allows the neck to radially
expand and the collar to radially contract, forcing the internal 5 threads
and the external threads into closer meshing. Slanted load flanks on the
internal threads wedge together with slanted load flanks on the external
threads, adding axial loading between the axial load surfaces of the pin
and the axial load surfaces of the box in contact with the pin axial load
surfaces. Further, with the four axial load surfaces as described above,
axial loading is 10 generated between the pin load shoulder and the box
load shoulder, as well as between the two sets of threads. Also, radial
movement of the neck and collar together upon release of fluid pressure
from the sealed zone increases the radial load resistance at the bump
seals. The connector assembly including the pin and box connectors may 15
further comprise a cylindrical seal surface, or ring seal, at the end of
each of the two ramp seals so that, with the corresponding axial load
surfaces of the pin and box in mutual contact, such as the end face of the
pin contacting the load shoulder of the box and the end face of the box
contacting the load shoulder of the pin, each bump seal is in sealing
engagement with a 20 corresponding cylindrical seal surface. More
particularly, the connector assembly including the pin and box connectors
may include an external bump seal on the pin neck between the end face of
the pin and the external threads, and an external conical seal surface, or
ramp seal, on the neck between the load shoulder of the pin and the 25
external threads, and may include an internal bump seal on the box collar
between the end face of the box and the internal threads, and an internal
conical seal surface, or ramp seal, on the collar between the load shoulder
of -4  



2. 9 OCT 2002 the box and the internal threads. An internal cylindrical
seal surface may be included at the end of the ramp seal on the collar
toward the load shoulder of the box, and an external cylindrical seal
surface may be included at the end of the ramp seal on the neck toward the
load shoulder of the pin, so that the 5 bump seal on the neck is in sealing
engagement with the cylindrical seal surface on the collar, and the bump
seal on the collar is in sealing engagement with the cylindrical seal
surface on the neck, when the end face of the pin contacts the load
shoulder of the box and the end face of the box contacts the load shoulder
of the pin. Release of fluid pressure from the sealed zone then 10
increases the radial load resistance between the bump seals and the
corresponding cylindrical seal surfaces as the neck expands radially and
the box contracts radially. The completely made up connection between the
box connector and the pin connector according to the present invention may
be broken out by 15 relative rotation between the pin and the box to
unthread the two connectors without the application of axial forces to
otherwise pull the two connectors apart. With the threaded connection
completely made up, and both axial preload on the axial load surfaces of
the two connectors and radial loading at the bump seals, fluid pressure
applied to the sealed zone radially contracts the 20 neck and radially
expands the collar to reduce the radial load resistance at the bump seals
to allow relative rotation between the two connectors to break out the
threaded connection. Application of fluid pressure also moves the pin
threads and the box threads radially apart, reducing the wedging of the pin
thread load flanks with the box thread load flanks, and thereby reducing
the 25 axial loading between the corresponding axial load surfaces of the
pin and the box. -5   2, 9 OCT 2002 The combinations of bump seals and ramp
seals, or cylindrical seal surfaces, used to establish the sealed zone
provide sealing in both directions: during make up of the threaded
connection, sealing the applied fluid pressure within the sealed zone
against leakage into the interior of the pin and box, and 5 against leakage
to the exterior of the pin and box; and, at completed make up, sealing
fluid within the interior of the pin and box, as well as fluid exterior to
the pin and box, against leakage into the sealed zone. Further, a threaded
connection made up according to the present invention is effectively locked
against break out due to the axial preloading and radial load resistance IO
achieved by release of fluid pressure from the sealed zone. Also, a string
of two or more tubular members, having pin and box connectors according to
the present invention at opposite ends of the tubular members, may be made
up by threadedly connecting the tubular members by rotation therebetween,
with application of fluid pressure according to the present invention. The
15 present invention provides connections between pipe members without the
need of complex tools or other machinery, using just a source of fluid
pressure and a torque tool that is typically found on a drilling rig, for
example. Brief Description of Drawings 20 Fig. 1 is a longitudinal
sectional view of a connector assembly according to the present invention,
showing a box connector in cross section and a pin connector in quarter
section, with the pin and box completely made up in threaded connection;
Fig. 2 is a fragmentary view in partial section of the pin and box
connectors of Fig. 1, showing the pin positioned within the box in the 25
initial stab position; Fig. 3 is a view similar to Fig. 2, but showing the
pin threaded into the box in the stall position; and Fig. 4 is a
fragmentary enlarged sectional view of the pin and box connectors of Figs.
1-3, showing meshing of -6   2.9 OCT 2002 



the pin and box threads with the radial spacing between the threads
expanded by fluid pressure. Detailed Description of the Presently Preferred
Embodiment A connector assembly according to the present invention is shown
in 5 Fig. 1, and partially in Figs. 2 and 3, comprising a pin connector,
indicated generally at 10, and a box connector, indicated generally at 12.
The pin 10 and the box connector 12 are illustrated at various stages in
the process of threadedly connecting the two connectors together. Further,
the pin 10 is shown joined to the end of a tubular member 14 as by welding
16, and the box 10 12 is shown joined to the end of a second tubular member
18 as by welding 20. Consequently, connecting the pin 10 and the box 12
joins the two tubular members, or pipes, 14 and I8. It will be appreciated
that the pin 10 and box 12 can be joined to respective tubular members
other than by welding, and further that the pin may be formed as an
integral upset end of a tubular 15 member, and the box may also be formed
as an integral upset end of a tubular member. In general, the pin 10 and
the box 12 are tubular themselves, so that the internal passages of the
tubular members 14 and 18 continue through the connectors when the latter
are mutually connected. Finally, a tubular member (not shown) may be
equipped with a pin 10 on one end, and a box 12 on the 20 other end, so
that two or more such connector-equipped tubular members may be mutually
joined, according to the present invention, into a string of tubular
members. Thus, strings of drill pipe, well casing, production pipe, or any
other type of tubing may be assembled using connectors and method according
to the present invention. 25 The connectors 10 and 12 are constructed so
that a portion of the pin connector may be received within a portion of the
box connector, and the two connectors may be connected together ultimately
by relative rotational motion    2.9 OCT 2002 between them. In the
illustrated embodiment, the pin 10 includes a neck 22 and the box 12
includes a collar 24 such that the pin neck is received within the box
collar. The radially outer surface of the pin neck 22 is partially
frustoconical. With the perspective of the pin 10 entering the box 12, the
5 leading end of the pin is a radially-extending, annular end face 26 at
the narrower end of the neck 22; an exterior, radially-extending, annular
load shoulder 28 is located at the other, trailing end of the neck.
Therefore, the neck 22 is the portion of the pin 10 extending axially from
the pin load shoulder 28 to the pin end face 26, as is indicated in Fig. 1.
The radially inner 10 surface of the box collar 24 is partially
frustoconical. With the perspective of the box 12 partially enclosing the
pin 10, the leading end of the box is a radially-extending, annular end
face 30 at the thin-walled end of the collar 24; an interior,
radially-extending, annular load shoulder 32 is located at the other,
trailing end of the collar. Therefore, the collar 24 is the portion of the
15 box 12 extending axially from the box load shoulder 32 to the box end
face 30, as is indicated in Fig. 1. It will be appreciated particularly by
reference to Fig. 1, wherein the connection between the pin 10 and the box
12 is illustrated as completely made up, that the length of the neck 22 and
the length of the collar 24 are such that, in the completely made-up
configuration, the pin end 20 face 26 is landed against the collar load
shoulder 32, and the collar end face 30 is landed against the pin load
shoulder 28. Alternatively, the connectors 10 and 12 may be provided with
only one load shoulder, either the pin load shoulder 28 or the box load
shoulder 32. Then, in the completely made up configuration, only one end
face 26 or 30 25 contacts the one load shoulder 32 or 28 that is present.
The radially-outer surface of the neck 22 is formed with a set of tapered
threads 34; the radially-inner surface of the collar 24 is formed with a
set of _g_  



2. ~ OCT 2002 tapered threads 36. The external pin threads 34 are generally
complimentary to the internal box threads 36, at least to the extent that
the two threads may be meshed to threadedly connect the pin 10 and the box
12 as discussed in detail below. 5 The pin neck 22 includes an external
bump seal 38 toward the pin end i face 26, spaced from the near end of the
pin threads 34 by a smooth, tapered surface section 40. The neck bump seal
38 comprises a radially-outwardly  extending annular ridge, with a rounded
profile as seen in Figs. 1-3. The box collar 24 includes an internal ramp
sealing surface 42 between the box load 10 shoulder 32 and the near end of
the box threads 36. The box ramp seal 42 comprises an internal, generally
frustoconical sealing surface, seen in profile in Figs. 1-3 generally as a
ramp, with the wider end of the surface toward the box threads 36, and
which continues as an internal right circular cylindrical sealing surface
44 at the narrower end of the ramp seal surface. An undercut 15 groove 46
is located between the radially-outermost extent of the box load shoulder
32 and the ring sealing surface 44. The box collar 24 includes an internal
bump seal 48 toward the box end face 30, spaced from the near end of the
box threads 36 by a smooth, tapered surface section S0. The box bump seal
48 comprises a radially-inwardly 20 extending annular ridge, with a rounded
profile as seen in Figs. 1-3. The pin neck 22 includes an external ramp
sealing surface 52 between the pin load shoulder 30 and the near end of the
pin threads 34. The pin ramp seal 52 comprises an external, generally
frustoconical sealing surface, seen in profile in Figs. 1-3 generally as a
ramp, with the narrower end of the surface toward 25 the pin threads 34,
and which continues as an external right circular cylindrical sealing
surface 54 at the wider end of the ramp seal surface. An -9   2, s ocT 200z
undercut groove 56 is located between the radially-innermost extent of the
pin load shoulder 30 and the ring sealing surface 54. The shapes of the
bump seals 38 and 48 are not limited to the rounded profiles illustrated
herein; bump seals used in the present invention may, in 5 general, include
any profiles that provide sealing in cooperation with the corresponding
ramp sealing surfaces 42 and 52. Various types of profiles `of bump seals
fox use in the present invention may include, but are not limited to,
convex curves of various radii and angular edges, for example. Also,
providing the cylindrical sealing surfaces 44 and 54 is optional; 10
otherwise, the ramp seals 42 and 52 may continue through the illustrated
locations of the corresponding cylindrical seal surfaces. Further, the
undercut grooves 46 and 56 are useful for receiving foreign matter as the
pin 10 and box 12 are completely threaded together, and may also provide
some stress relief in the completely made up configuration, but are not
essential to the 15 construction and use of connectors according to the
present invention. 



The box 12 is broken by a partially threaded port 58, axially positioned in
the region of the collar 24 where the box threads 36 are located, although
the port may be located elsewhere along the collar, as discussed below.. As
shown in Figs. 2 and 3, a fluid pressure communication line 60 may be 20
connected to the port 58 by an appropriate fitting 62 which threadedly
engages within the port and seals thereto for purposes discussed below.
Both the port 58 and the fitting 62 may be tapered as shown, for example,
to enhance the sealing of the fitting with the collar in the port. Details
of the construction of the illustrated pin threads 34 and box 25 threads 36
may be appreciated by reference to Fig. 4. Again with the perspective of
the pin 10 entering the box 12, the pin threads 34 have slanted leading
stab flanks 64, and the box threads 36 have slanted leading stab flanks -
10   2, 9 OCT 2002 66. Also, the pin threads 32 have slanted trailing load
flanks 68, and the box threads 34 have slanted trailing load flanks 70. The
slant of the pin thread load flanks 68 is complementary to the slant of the
box thread load flanks 70, with the angle of slant of these two load
surfaces shown below a line 5 perpendicular to the common longitudinal axis
(not shown) of the pin 10 and the box 12 indicated by the angle A in Fig.
4. In the illustrated embodiment the angle A is five degrees. The slant of
the pin thread stab flanks 64 is also complementary to the slant of the box
thread stab flanks 66, with these two stab flank slants at an angle greater
than angle A, as shown in Fig. 4. The pin 10 threads 34 have flattened, or
straight, crests 72, and the box threads 36 also have flattened, or
straight, crests 74. Finally, the pin threads have rounded troughs 76, and
the box threads also have rounded troughs 78. As shown in Fig. 4, the
profile of each of the pin threads 34 is generally that of a truncated
wedge, as is the profile of each of the box threads 36. In 



15 the fully made up configuration shown in Fig. 1, with the pin connector
10 fully threadedly engaged with the box connector 12, the pin thread load
flanks 68 are landed against the box thread load flanks 70, but the pin
thread stab flanks are not in contact with the box thread stab flanks 66,
the pin thread crests 72 remain separated from the box thread troughs 78,
and the box thread 20 crests 74 remain separated from the pin thread
troughs 76, generally as shown in Fig. 4. However, as discussed below, in
the fully made up configuration of Fig. 1 the threads 34 and 36 are meshed
closer together compared to the arrangement illustrated in Fig. 4. The
process of connecting together the pin 10 with the box 12 begins by 25
inserting, ox stabbing, the pin neck 22 into the box collar 24. In a
typical application in the oil field, for example, where the connection is
being made between two pipes that are supported vertically, that is, on
end, such as in the -11   2.9 OCT 2002 case of drill pipe, well casing, or
production pipe, the tubular members being joined are normally oriented so
that the box 12 is on the lower tube, facing upwardly, and the pin 10 is on
the upper tube, facing downwardly, as shown in Figs. 1-4. 5 The connectors
10 and 12 are moved together, and the pin neck 22 r advances within the box
collar 24, until the pin thread stab flanks 64 land against the box thread
stab flanks 66, and the pin neck cannot move any . farther into the box
collar. This initial stab position is shown in Fig. 2. It will be
appreciated that, in the initial stab configuration, the pin bump seal 38
10 has passed within the box threads 36 and reached the box ramp seal 42,
and the box bump seal 48 has passed by the pin threads 34 and reached the
pin ramp seal 52. Also, the slant of the box thread stab flanks 66 allows
the pin end face 26 and the pin bump seal 38 to pass through the box
threads 36 without interference, and the slant of the pin thread stab
flanks 64 allows the 15 box end face 30 and the box bump seal 48 to pass by
the pin threads 34 without interference. Finally, although in the initial
stab position of Fig. 2 the combination of the pin bump seal 38 with the
box ramp seal 42, and the combination of the box bump seal 48 with the pin
ramp seal 52, may provide one or two seals between the pin 10 and the box
12, such sealing is not initially 20 utilized in making up the pin-and-box
connection from that configuration. After the initial stab position of Fig.
2 is reached, the pin 10 and the box 12 are rotated relative to each other,
about their common, central longitudinal axis. Thus, with the box 12 held
motionless, torque may be applied to the pin 10 to rotate the pin relative
to the box. This relative rotation between the pin 25 10 and the box 12
causes the threads 34 and 36 to mesh, or threadingly engage, and the pin to
be drawn further into the box. This resulting axial movement of the pin 10
into the box 12 causes the pin bump seal 38 to ride up - 12  



2.9 OCT 20o2 13 the box ramp seal 42, and the box bump seal 48 to ride up
the pin ramp seal 52. Since the two ramp seals 42 and 52 are slanted, or
tapered, this movement of the bump seals 38 and 48 generates increasing
radial forces between the bump seals and the respective ramp seals,
producing sealing engagement 5 therebetween. The farther the bump seals 38
and 48 move along the ramp seals 42 and 52, respectively, the greater are
the radial forces that are generated between the bump seals and the ramp
seals. These radial forces, however, while providing tighter sealing, also
provide increasing radial load resistance, or frictional forces, at the
bump seals 38 and 48, requiring the 10 application of ever greater torque
to further rotate and thread the pin 10 into the box 12. Eventually, the
radial frictional forces are sufficiently great to match the torque that
can be applied, or that is decided for safety or other reasons to be
applied, to rotate the pin 10 relative to the box 12. The configuration of
the pin 10 and the box 12 at that point is referred to as the 15 stall
position, illustrated in Fig. 3. No further rotation is available in the
stall position to further advance the pin 10 into.the box 12. After the
stall position is reached, fluid pressure is applied through the port 58 to
relieve some of the radial load resistance, or frictional forces, between
the bump seals 38 and 48, and the corresponding ramp seals 42 and 20 52 to
allow the pin 10 to be further rotated into, and threaded with, the box 12.
It will be appreciated that once the bump seals 38 and 48 establish sealing
engagement with the ramp seals 42 and 52, respectively, a generally annular
sealed zone is established between the pin 10 and the box 12. The sealed
zone exists between the external surface of the pin 10 and the internal
surface of the 25 box 12 between the two bump seals 38 and 48. More
particularly, the sealed zone is between the pin threads 34 and the box
threads 36, and between the pin bump seal 38, in sealing engagement with
the box ramp seal 42, and the box   2.9 OCT 2002 bump seal 48, in sealing
engagement with the pin ramp seal 52. Further, the sealed zone includes the
intersection of the port 58 with the interior surface of the box collar 24.
The fluid pressure communication line 60 is connected to the collar 24 5 by
the fitting 62 threadedly and sealingly engaged in the port 58 in the stall
position of Fig. 3. Then, fluid pressure is applied to the sealed zone by
way of the line 62, connected to a conventional source (not shown) of
hydraulic fluid,  for example, under pressure. The effect of the fluid
pressure build up in the sealed zone is to apply radial forces to the pin
neck 22 and to the box collar 10 24, tending to separate the surfaces of
the neck and the collar that are facing each other across the sealed zone.
Thus, the neck 22 is contracted radially, the collar 24 is expanded
radially, and the sealed zone is enlarged radially. Throughout the build up
of fluid pressure in the sealed zone, and the accompanying contraction of
the neck 22 and expansion of the collar 24, the 15 bump seals 38 and 48
remain in sealing engagement with the respective ramp seals 42 and 52,
maintaining the sealed integrity of the sealed zone. However, the radial
load resistance of the frictional forces between the bump seals 38 and 48
and the respective ramp seals 42 and 52 is sufficiently reduced, without
breaking the sealing, due to the contraction of the neck 22 and the
expansion 20 of the collar 24, to allow further rotation between the pin 10
and the box 12 by application of torque to the pin while the box is held
fixed, for example. Thus, the pin 10 may be further rotated to continue the
threading of the pin into the box 12. As the pin 10 is further rotated and
threaded into the box 12, the bump 25 seals 38 and 48 continue to ride
along the respective tapered ramp seals 42 and 52, tending to increase the
radial load resistance forces at these seals. Consequently, fluid pressure
in the sealed zone may be increased to further - 14  



2, 9 OCT 2002 contract the pin neck 22 and expand the box collar 24 to
maintain the resistance forces at the bumps seals 38 and 48 at sufficiently
low values to allow further threading by rotation of the pin 10 into the
box 12, while still maintaining the integrity of the sealed zone. 5
Ultimately, the pin 10 is threaded into the box 12 until the pin end face
26 lands on the box load shoulder 32, and the box end face 30 lands on the
pin load shoulder 28. In that configuration, the pin bump seal 38 has moved
into sealing contact with the cylindrical sealing surface 44 at the end of
the box ramp seal 42, and the box bump seal 48 has moved into sealing
contact with 10 the cylindrical sealing surface 54 at the end of the pin
ramp seal 52. Also, the pin thread load flanks 68 are in contact with the
box thread load flanks 70. Additional application of torque to rotate the
pin 10 relative to the box 12 and drive the pin farther into the box by the
threading action produces axial load forces between the pin end face 26 and
the box load shoulder 32, and between 15 the box end face 30 and the pin
load shoulder 28, and ultimately between the pin and box load shoulders 28
and 32, respectively, and also between the pin and box thread load flanks
68 and 70, respectively. After the maximum amount of available, or
selected, torque has been applied to thus preload the connected pin 10 and
box 12, the fluid pressure in the sealed zone is released 20 by way of the
line 60, for example, and the line and fitting 62 may be removed from the
port 58. A plug (not shown) may be used to close the port 58. With the
pressure released from the sealed zone, the pin neck 22 tends to relax and
expand radially, and the box collar 24 tends to relax and contract 25
radially, with the result that the threads 34 and 36 move radially closer
together. With the radial movement of the threads 34 and 36 closer
together, the five degree slant of the thread load flanks 68 and 70,
illustrated in Fig. 4, -15   2, g OCT 2002 produces a wedging action
between the two sets of threads that increases the axial preload between
the threads and between the load shoulders 28 and 32. In general, the
radial movement of the threads 34 and 36 together upon release of the fluid
pressure in the sealed zone continues until the separation 5 between the
thread stab flanks 64 and 66, and the spacings between the thread crests
72,74 and the thread troughs 76,86, respectively, are reduced to
approximately half those shown in Fig. 4. Also with the release of fluid
pressure from the sealed zone, the bump seals 38 and 48 not only remain in
sealing engagement with the cylindrical sealing surfaces 44 and 54, 10
respectively, but the radial forces between these bump seals and the
corresponding cylindrical sealing surfaces increase as the pin 10 expands
and the box 12 contracts. With the fluid pressure released from the sealed
zone, and the load shoulders 28 and 32, as well as the thread load flanks
68 and 70, axially preloaded with the wedging action between the threads 34
and 36, and 15 the bump seals 38 and 48 radially loaded with the
corresponding cylindrical seal surfaces 44 and 54, the final, completely
made-up configuration of the connector assembly of the pin 10 and the box
12 is reached, as illustrated in Fig. 1. In this final, made-up
configuration, with the axial preloading and radial loading as described,
the connection of the two connectors 10 and 12 is 20 effectively locked
against breaking out by application of torque to rotate the pin 10 relative
to the box 12 on the order of the maximum torque used to make up the
connection. It will be appreciated from the present disclosure that the
bump seals 38 and 48, and the corresponding ramp seals 42 and 52, and
cylindrical sealing 25 surfaces 44 and 54, provide metal-to-metal seals
between the pin 10 and the box 12 in both directions: (a) from within the
annular sealed zone during the process of making up the connection,
confining the pressurized fluid in the - 16  



2.9 OCT 2~2 sealed zone; and (b) from without the annular sealed zone in
the final configuration, preventing fluid from passing into the sealed zone
either from the interior of the pin 10 and box 12, or from exterior to the
pin and box. In the particular embodiment illustrated, during the make up
process both the pin 5 bump seal 38 and the box bump seal 48 hold fluid
pressure between the threads 34 and 36 in the sealed zone; in the
completely made up configuration of Fig. 1, the pin bump seal seals fluid
pressure inside the pin 10 and the box 12, and the box bump seal seals
fluid pressure outside the pin and box. The made up, final configuration of
the connection between the pin 10 10 and box 12, shown in Fig. 1, may be
broken out, and the pin and box separated, generally be reversing the steps
of making up the connection. The line 60 is connected to the port 58 by the
fitting 62, and fluid pressure is again applied to the sealed zone between
the pin neck 22 and the box collar 24, forcing the neck and collar surfaces
apart by contracting the neck and 15 expanding the collar. This separation
of the neck 22 and the collar 24 reduces the radial load resistance forces
between the bump seals 38 and 48, and the cylindrical sealing surfaces 44
and 54, respectively, and also forces the pin threads 34 and the box
threads 36 to move radially apart, reducing the axial preload that was
generated at the load shoulders 28 and 32 by the wedging 20 action of the
threads on release of the fluid pressure during make-up. The connection
between the pin 10 and the box 12 can then by unthreaded by application of
torque to rotate the pin relative to the box, for example. When the
position of Fig. 3 is reached, the fluid pressure in the sealed zone may be
released, and the pin 10 further unthreaded from the box 12 by applied 25
torque. Alternatively, the fluid pressure will be released from the sealed
zone when the pin is withdrawn sufficiently relative to the box by
unthreading that the bump seals lose sealing engagement with the conical
seal surfaces. -17   2.9 0CT 2002 Although the port 58 is illustrated as
intersecting with the internal threads 36 of the box 12, the port may be
located anywhere along the length of the box, including axially displaced
from the internal threads, such as along the collar surface 50, or along
the collar ramp seal 42, for example, as long as 5 the port communicates
with the sealed zone as defined above. Also, the port 58 may be closed by a
plug (not shown) whenever the port is not in use. ' As discussed above, the
present invention may employ only one pair of contacting, generally
annular, axial load surfaces included in the two connectors. For example,
an end face of one of the pin or box connectors 10 may provide a first,
generally annular, axial load surface, and a load shoulder of the other
connector from among the pin and the box may provide a second, generally
annular, axial load shoulder. Then, fluid pressure is released from the
sealed zone after the end face contacts the load shoulder to achieve the
completely made up configuration. 15 The present invention provides a
connector assembly that may be completely made up by rotation of one
connector member relative to the other connector member alone to thread the
two connector members together, as opposed to driving one connector member
axially into the other connector member to achieve at least a part of the
threading between the two members, 20 or to at least latch the two members
together. In the present invention, fluid pressure is applied between the
two connector members to allow, or facilitate, the continued threading by
rotation between the two connector members after radial load resistance at
the seals stalls the torque applied to rotate and thread the connector
members together, and is released from between the two 25 connector members
to axially preload the connector members together. Radial preloading at the
seals is also achieved by the release of the fluid pressure. Metal-to-metal
sealing between the two connector members is - 18   



2, 9 OCT 2002 provided by bump seals and ramp seal surfaces, with optional
cylindrical seal surfaces used in the made-up configuration. The bump seals
and the various sealing surfaces seal in both directions, during make up,
and after make up is achieved. 5 The foregoing disclosure and description
of the invention is illustrative and explanatory thereof, and various
changes in the method steps as well as the details of the apparatus may be
made within the scope of the appended claims without departing from the
spirit of the invention. -I9   z s ocT 2002 20 Claim 1. A method of making
up a threaded connection between a pin connector and a box connector,
wherein the pin connector includes a neck having 5 external, tapered
threads with leading stab flanks and slanted, trailing load flanks, and a
first, generally annular, axial load surface, wherein the box connector
includes a collar having internal, tapered threads with leading stab flanks
and slanted, trailing load flanks, and a second, generally annular, axial
load surface, wherein the neck and the collar provide two combinations of a
10 bump seal and a corresponding conical seal surface, by meshing the
external threads with the internal threads by relative rotation between the
pin connector and the box connector and without otherwise applying axial
forces to drive the two connectors together to make up the threaded
connection, comprising the following steps: 15 a. inserting the neck of the
pin connector into the collar of the box connector until the stab flanks of
the external threads contact the stab flanks of the internal threads; b.
rotating at least one of the pin connector and box connector relative to
the other to mesh the external threads with the internal threads and 20 so
advance the neck into the collar, and to sealingly engage one of the
combinations of a bump seal with the corresponding conical seal surface on
one axial side of the meshed threads and sealingly engage the other
combination of a bump seal and the corresponding conical seal surface on
the other axial side of the meshed threads forming a generally annular
sealed zone 25 between the external threads and the internal threads and
between the two bump seals, and producing radial load resistance between
the bump seals and   2.9 OCT 2002 the respective conical seal surfaces as
the bump seals are advanced along the corresponding conical seal surfaces;
c. applying fluid pressure to the sealed zone to radially contract the neck
and radially expand the collar to reduce the radial load resistance 



5 between the bump seals and the respective conical seal surfaces; d.
further rotating at least one of the pin connector and box connector
relative to the other and so advance the neck into the collar until the
first axial load surface contacts the second axial load surface; and e.
releasing fluid pressure from the sealed zone to allow the neck to 10
radially expand and the collar to radially contract to wedge the load
flanks of the external threads with the load flanks of the internal threads
and generate axial loading between the first axial load surface and the
second axial load surface. 2. A method as defined in Claim 1 wherein the
step of applying fluid 15 pressure to the sealed zone is first carried out
when the rotation between the pin connector and the box connector to
advance the neck into the collar is stalled due to the radial load
resistance between the bump seals and the corresponding conical seal
surfaces. 3. A method as defined in Claim 1 further comprising, during the
step of 20 further rotating at least one of the pin connector and the box
connector relative to the other with fluid pressure applied to the sealed
zone, increasing the fluid pressure applied to the sealed zone to overcome
increasing radial load resistance as the bump seals are further advanced
along the corresponding conical seal surfaces. 25 4. A method as defined in
Claim 1 wherein the steps of applying fluid pressure to the sealed zone and
of releasing fluid pressure from the sealed -21   2, 9 OCT 2002 zone are
carried out by communicating fluid pressure through a port provided in the
collar of the box connector. 5. A method as defined in Claim 1 wherein the
step of releasing fluid 



pressure from the sealed zone with the first axial load surface in contact
with 5 the second axial load surface also increases radial loading between
the pin connector and the box connector at the bump seals. 6. A method as
defined in Claim 1 further comprising providing a cylindrical seal surface
at the end of each of the two conical seal surfaces such that, when the
first axial load surface contacts the second axial load surface, 10 each
bump seal is in sealing engagement with a corresponding cylindrical seal
surface. 7. A method as defined in Claim 1 further providing: a. the first,
generally annular, axial load surface as an end face at the leading end of
the neck; 15 b. a third, generally annular, axial load surface as a load
shoulder at the opposite end of the neck; c. a fourth, generally annular,
axial load surface as an end face at the leading end of the collar; d. the
second, generally annular, axial load surface as a load 20 shoulder at the
opposite end of the collar; e. the third and fourth axial load surfaces are
in mutual contact when the first and second axial load surfaces are in
mutual contact; and f. the step of releasing fluid pressure from the sealed
zone to allow the neck to radially expand and the collar to radially
contract to wedge the 25 load flanks of the external threads with the load
flanks of the internal threads -22   2, 9 OCT 2002 generates axial loading
between the first and second axial load surfaces and between the third and
fourth axial load surfaces. 8. A method as defined in Claim 7 further
providing: a. one of the combinations of a bump seal and a corresponding 5
conical seal surface, respectively, as an external bump seal on the neck
between the end face of the pin connector and the external threads, and an
internal conical seal surface on the collar between the load shoulder of
the box connector and the internal threads; and b. the other combination of
a bump seal and a corresponding conical 10 seal surface, respectively, as
an internal bump seal on the collar between the end face of the box
connector and the internal threads, and an external conical seal surface on
the neck between the load shoulder of the pin connector and 



the external threads. 9. A method as defined in Claim 8 further comprising
providing an 15 internal cylindrical seal surface at the end the conical
seal surface on the collar toward the load shoulder of the box connector,
and an external cylindrical seal surface at the end of the conical seal
surface on the neck toward the load shoulder of the pin connector, such
that the bump seal on the neck is in sealing engagement with the
cylindrical seal surface on the collar and the bump seal 20 on the collar
is in sealing engagement with the cylindrical seal surface on the neck when
the end face of the pin connector contacts the load shoulder of the box
connector and the end face of the box connector contacts the load shoulder
of the pin connector. 10. A method as defined in Claim 1 further comprising
the following steps 25 to break out the made up threaded connection between
the pin connector and the box connector: -23   2~9 ocT 2ooz a. applying
fluid pressure to the sealed zone to radially contract the neck and
radially expand the collar to reduce the radial load resistance at the bump
seals; and b. rotating at least one of the pin connector and the box
connector S relative to the other to unthread the threaded connection
between the pin connector and the box connector, and releasing the fluid
pressure from the sealed zone. 11. A method as defined in Claim 10 wherein
the step of applying fluid pressure to the sealed zone with the threaded
connection between the pin 10 connector and the box connector completely
made up also forces the pin threads and the box threads to moved radially
apart, reducing the wedging of 



the pin thread load flanks and the box thread load flanks, and reducing the
axial load between the axial load surfaces. 12. A method as defined in
Claim 1 further comprising providing at least 1 S two tubular members, with
each tubular member being equipped with a box connector on one end and a
pin connector on the other end, and connecting the tubular members together
into a string of two or more tubular members by making up the threaded
connection between the pin connector on one such tubular member with the
box connector on another such tubular member 20 according to the steps of
Claim 1, and repeating these steps until the string of tubular members is
made up. 13. A connector assembly, including a threaded pin connector and a
threaded box connector such that the threaded connection between the pin
connector and the box connector may be completely made up by relative 2S
rotation between the two connectors and without the application of axial
forces otherwise to drive the two connectors together, comprising: - 24
Z 9 0CT 2002 a. the pin connector including a neck having external, tapered
threads, with the thread profile including slanted load flanks, and a
first, generally annular, axial load surface; b. the box connector
including a collar having internal, tapered 5 threads, with the thread
profile including slanted load flanks, and a second, generally annular,
axial load surface; c. the neck and the collar further including two
combinations of a bump seal and a corresponding conical seal surface; d. a
fluid pressure communication port communicating between the 10 interior of
the collar and the exterior of the collar; e. wherein, with the neck
received within the collar and the external threads meshed with the
internal threads through relative rotation between the pin connector and
the box connector, 



i. one of the combinations of a bump seal and the 15 corresponding conical
seal surface seals the neck to the collar on one axial side of the meshed
threads and the other combination of a bump seal and the corresponding
conical seal surface seals the neck to the collar on the other axial side
of the meshed threads to form a generally annular sealed zone between the
two bump seals and between the external threads and the internal 20
threads, ii. as the neck is advanced into the collar by relative rotation
between the pin connector and the box connector with the internal threads
and the external threads meshed, radial load resistance between the bump
seals and the corresponding conical seal surfaces increases as the bump
seals advance 25 along the corresponding conical seal surfaces, iii. fluid
pressure applied through the port to the generally annular sealed zone
radially contracts the neck and radially expands the collar -25   2. 9 OCT
2002 to reduce the radial load resistance between the bump seals and the
corresponding conical seal surfaces and allow the pin connector to be
further rotated and threaded into the box connector, and iv. with the pin
connector advanced into the box connector by 5 such rotation and threading
with fluid pressure in the sealed zone such that the first axial load
surface contacts the second axial load surface, release of fluid pressure
from the generally annular sealed zone allows the neck to radially expand
and the collar to radially contract to wedge the load flanks of the
external threads with the load flanks of the internal threads and increase
axial 10 loading between the first axial load surface and the second axial
load surface, and to increase the radial load resistance at the bump seals,
to complete the make up of the threaded connection between the pin
connector and the box connector. 14. A connector assembly as defined in
Claim 13 further comprising a 15 cylindrical seal surface at the end of
each of the two conical seal surfaces such that, with the first axial load
surface contacting the second axial load surface, 



each bump seal is in sealing engagement with a corresponding cylindrical
seal surface. 15. A connector assembly as defined in Claim 13 further
comprising: 20 a. the first, generally annular, axial load surface being an
end face at the leading end of the neck; b. a third, generally annular,
axial load surface as a load shoulder at the opposite end of the neck; c. a
fourth, generally annular, axial load surface as an end face at 25 the
leading end of the collar; -25   2, 9 0CT 20D2 d. the second, generally
annular, axial load surface being a load shoulder at the opposite end of
the collar; e. the third and fourth axial load surfaces are in mutual
contact when the first and second axial load surfaces are in mutual
contact; and 5 f. releasing fluid pressure from the sealed zone to allow
the neck to radially expand and the collar to radially contract to wedge
the load flamks of the external threads with the load flanks of the
internal threads increases axial loading between the first and second axial
load surfaces and between the third and fourth axial load surfaces. 10 16.
A connector assembly as defined in Claim 15 wherein: a. one of the
combinations of a bump seal and a corresponding conical seal surface is
provided, respectively, as an external bump seal on the neck between the
end face of the pin connector and the external threads, and an internal
conical seal surface on the collar between the load shoulder of the 15 box
connector and the internal threads; and b. the other combination of a bump
seal and a corresponding conical seal surface is provided, respectively, as
an internal bump seal on the collar between the end face of the box
connector and the internal threads, and an external conical seal surface on
the neck between the load shoulder of the pin 20 connector and the external
threads. 17. A connector assembly as defined in Claim 16 further comprising
an internal cylindrical seal surface at the end the conical seal surface on
the collar toward the load shoulder of the box connector, and an external
cylindrical seal surface at the end of the conical seal surface on the neck
toward the load 25 shoulder of the pin connector, such that the bump seal
on the neck is in sealing engagement with the cylindrical seal surface on
the collar and the bump seal -27   



2,9 0CT 2002 on the collar is in sealing engagement with the cylindrical
seal surface on the neck when the end face of the pin connector contacts
the load shoulder of the box connector and the end face of the box
connector contacts the load shoulder of the pin connector. 5 18. A
connector assembly as defined in Claim 13 wherein the made up threaded
connection between the pin connector and the box connector may be broken
out by relative rotation between the two connectors and without the
application of axial forces to otherwise pull the two connectors apart. 19.
A connector assembly as defined in Claim 18 wherein, with the threaded 10
connection between the pin connector and the box connector made up,
application of fluid pressure to the sealed zone radially contracts the
neck and radially expands the collar to reduce the radial load resistance
at the bump seals and also forces the pin threads and the box threads to
moved radially apart, reducing the wedging of the pin thread load flanks
and the box thread 15 load flanks, and reducing the axial load between the
axial load surfaces, to allow relative rotation between the two connectors
to break out the threaded connection. 20. A connector assembly as defined
in Claim 13 further comprising at least two tubular members, with each
tubular member being equipped with a box 20 connector on one end and a pin
connector on the other end, such that the tubular members may be connected
together into a string of two or more tubular members by making up the
threaded connections between the pin connectors and the box connectors of
the tubular members. -28
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