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particular, the tubular connection of the present invention conprises a
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profile can be used with tmww seal connection as
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1. Field of the Invention
The present invention relates to tubular connections of the kind commonly used

5

6 in the oil industry. In particular, the tubular connection of the present invention
7 comprises a stabilized center-shoulder seal, wherein stabilization is provided by
8 specialized thread constructions adjacent the center-shoulder seal. The invention also
9 pertains to a specialized center-shoulder seal design. [Further, the invention pertains to
10 a thread profile which provides a self-centering fun;:tion upon makeup of the tubular
11 connection. This thread profile can be used with the stabilized center-shoulder seal
12 connection as well as other connection designs known in the art.

13 2. Background Art

14 The present invention is applicable broadly for use in joining pipes, couplings and
15 the like, and has particularly been developed for use in oil industry tubular connections,
16 since these connections experience more severe and demanding conditions than those
17 observed for other industries and applications. In particular, the trend in the oilfield is
18 to minimize pipe diameter and to conserve borehole diameter. The smaller the diameter
19 - of the borehole for the well, the greater the conservation of energy and reduction of
20 ' drilling costs. However, in utilizing smaller diameter pipe, it is important that the
21 connections between adjacent tubular pipes be transparent in geometry and performa.ncé
22 characteristics, i.e. the geometry and performance characteristics of the connection be
23 substantially the same as that of the tubular pipe itself. Preferably, the pipe string should
24 behave as if the pipe connections were not there. The ideal connection would have the
25 same geometry as the pipe, such as the same inside and outside diameters, and would
26 have the same performance characteristics such as tension rating, compression rating,
27 internal and external pressure ratings, torsion resistance, and bending resistance, for
28 example.
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the |ike, gyydodoas particul arly been devel oped for use in oil industry

t ubul ar connections, since these connections experience nore severe and
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8 geometric transparency.

9 Various standards have been set for evaluating the efficiency of a pipe connection.
10 One such efficiency is determined by the load capacity of the pipe and pipé connection
11 in the axial direction. This tension efficiency is calculated by comparing the fracture
12 strength of the connection with the fracture strength of the tubular pipe. Most prior art
13 flush joint and slim line connections achieve an efficiency in the range of 65% to 75%,
14 respectively. This efficiency, of course, varies with the type of connection, the pipe
15 diameter and thickness, and the method of manufacture of the connection.

16 | Prior art connections include the basic elements of threads, shoulders, and seals.
17 The followiﬂg prior art patents describe various features which have been used to produce
18 flush and slim-line connections.

19 U.S. Patent No. 671,274 to W.C. Fischer, issued April 2, 1901, shows a dovetail-
20 shaped thread design which can be applied to the outside of one tubular and the inside
21 of another tubular to be connected together.

22 U.S. Patent No. 1,474,375 to J.J. Moore, issued September 20, 1923 shows what
23 applicant has described as single hook thread design. The thread is used to fasten the
24 forward end of the after-body of a torpedo to an air flask body.

_ 25 U.S. Patent No. 1,927,656, issued September 19, 1933 to G.M. Eaton et al.,
26 describes a pipe joint for fastening together the consecutive pipe lengths of a pipe string
27 ~in a manner to obtain strength at the joint without increasing the wall thickness (or with
28 a minimum increase thereof) in the portion of the pipe in which the screw threads are cut.

29 One of the two pipes to be joined is machined on the outside surface of the pin and the
30 other is machined on the inside surface of the box so the two pipes can be screwed
31 together to provide what would today be called a slim line connection. The threaded

32 portion of each pipe is machined on a taper with the depth of the turns of the threads

2
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-2- Two tyypesosef oilfield connections, nanely flush joints and slimline
connections, have been utilized to conserve hole dianeter. The outer

di aneter of a flush joint connection is generally the sane as the outside
di aneter of the tubul ar pipe. The outside dianeter of a slimline
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efficiency is determ ned by t oad capacity o pe and pi pe
confect i qortion of the joint is at 2 maximum in the central area of the threaded portion of the

6 joint and decreases gradually in both directions to vanishing points, somewhat similar to
7 the joint described above. However, the thread design differs in that the vanishing of the
8 threads corresponds with the intersection of thread fabrication lines which are not only
9 based on a taper relative to the pipe longitudinal axis but also a line which is cylindrical

10 or parallel to the pipe longitudinal axis. Specifically, the root of the thread at the pipe
11 exterior edge position of the pin is located along a line parallel with the pipe longitudinal

12 axis while the crest of the thread at the same location is located along a line at a constant
13 taper with the pipe longitudinal axis. The root of the thread at a position more interior
14 from the edge of the pipe is located along a line at a constant taper with the pipe
15 longitudinal axis, while the crest of the thread at the same location is located on a line
16 of paralle! taper to the root for a distance. Finally, at the most interior thread location
17 on the pin, the thread root continues on a taper with the pipe longitudinal axis while the

18 crest of the thread is constructed along a line parallel with the pipe longitudinal axis.
19 Thus, at both the exterior and interior edges of the threaded connection, the thread

20 disappears where thread root and thread crest intersect. The thread construction of the

21 box is complimentary to that of the pin so the two threaded members can be

22 interengaged.

23 U.S. Patent No. 2,207,005 to R.D. Haas, issued July 9, 1940, pertains to a single

24 hook thread form (as defined herein) wherein the pin member load flank is undercut to

25 providé a cam action under pressure to draw the connection members together and

26 establish a sealing-off function. The thread form is constructed on a taper to the

27 longitudinal axis of the connection,

28 U.S. Patent No. 2,488,566 to R.S. Sperry, issued November 22, 1949 described

29 a tapered thread structure having a lead on one flank of the helical thread which differs

30 from the lead on the other flank of the helical thread, to provide a constantly increasing

31 thread width from one end of the thread structure to the opposite end. This variable

32 width thrm_d structure is said to enable easy disassembly of a rod or pin from a socket,

-
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in the axijgfg.ghorection. This tension efficiency is calculated by conparing
the fracture strength of the connection with the fracture strength of the

tubul ar pipe. Most prior art flush joint and slimline connections achieve
an efficiency in the range of 65%to 75% respectively. This efficiency, of
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the after 4oReibeda Ardaded Pile jointPEorprising ASKpS Ibmber having a cylindrical outer

8 surface and a tapered buttress thread at the end thereof vanishing along the outer
9 cylindrical surface, providing a length of fully formed and a length of vanishing threads.
10 The complementary coupling member having thread machined on the internal surface
11 thereof exhibits a full height tapered thread throughout the entire length thereof. The
12 complementary threads on each member have following flanks in bearing relationship and
13 substantially normal -to the longitudinal axis of the joint and leading flanks in bearing
14 relationship, which leading flanks have a larger flank angle thaﬁ the following flanks.
15 Crests and roots are truncated to provide flat crests and roots which are parallel to the
16 longitudinal axis of the joint. Crest truncations of fully formed threads exceed root
17 truncations to provide a predetermined amount of void between the crests and roots of

18 the complementary threads throughout the length of the joint when the pipe and coupling

19 are in hand tight engagement. After power make-up, the crests of the coupling threads
20 engage the roots of the vanishing pipe threads, but voids still remain between crests and
21 roots of the fully formed threads, thus preventing the development of deleterious hoop
22 stresses at the end of the coupling during power make-up.

23 U.S. Patent No. 3,989,284, issued November 2, 1976 to Thomas L. Blose (see
24 also Re. 30,647, issued June 16, 1981) describes a tubular connection (pipe joint)
25 designed to produce hoop tension in the pin member and hoop compression in the box
26 member, the connection exhibits threads having a dove-tail interfit. To achieve the dove-
27 tail interfit, the angles formed between the thread flanks and the root wall of the thread
28 are less than about 85°. In another described embodiment, the load flank of the thread
29 exhibits an angularity from the direction of the connection on axis of less than about 85°

30 while with the stab flank extends radially, in axial radial planes. The pin thread stab
31 flank is the thread flank which is on the leading edge as the pin is telescoped (stabbed)
32 into the box. The load flank is the trailing flank of the thread. In all cases, the threads
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U.S. Pat gpég hiyr 1,927,656, issued Septenber 19, 1933 to G M Eaton et al.
describes a pipe joint for fastening together the consecutive pipe |engths
of a pipe string in a manner to obtain strength at the joint wthout

i ncreasing the wall thickness (or with a mninmmincrease thereof) in the
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center of et directions to vani shing points at the
end§ of the tEachdhmtagorenibenss disclosed in the 284 Blose patent as having progressively

6 changing axial width along substantially the entire helical length thereof. Although the

7 preferred embodiment appears to have the threads constructed on a line parallel to the

8 pipe longitudinal axis, the possibility is disclosed of having the threads constructed on a
9 line having constant taper from the pipe longitudinal axis. Also described is the use of
10 an inner shoulder seal between threaded sections of the connection. In one embodiment,
11 the inner shoulder seal is placed between two thread sections which fall on two different
12 lines, each parallel to the pipe longitudinal axis, creating a multiple-step thread with an
13 inner shoulder seal. The inner shoulder seal is shown and described as having a major
14 mating (sealing) surface which is parallel to the pipe longitudinal axis or a major mating
15 (sealing) surface which is at an axial taper.
16 U.S. Patent 4,009,893, issued March 1, 1977 to Schatton et al., discloses box and
17 pin members having two axially spaced thread sections being separated by a radial step
18 zone which includes, for one member, eg. the pin member, an annulus having an axial

19 undercut, a frusto-conical end face and a radially outward bulging peripheral surface,

20 which sealingly engages a slightly contoured surface of the box member in the step zone,
21 while the end face of the annulus bears against a complementary, slightly contoured face
22 in the step zone of the box member. These stop faces supplement complementary thread
23 stop faces respectively at the end of the pin member and box member. It is advised that
24 a flat annulus having good sliding properties, such as teflon, be interposed between the
.25 pin member annulus end face and the complementary bearing face of the box member.
In one embodiment, there is a space between the pin member annulus end face and the
27 complementary bearing face of the box member, and a sealing sleeve is interposed to fill
28 this space and the undercut space of the pin member annulus.
29 : U.S. Patent No. 4,076,436 to D.T. Slatoret al., issued February 28, 1979,
3¢ describes specially designed stress relief grooves for threaded end portions of tools and
31 for collars on reciprbcating or rotating drill string mounted tools.
I
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U.S. Patenz7809c2, 062, 407, issued December 1, 1936 to GM Eaton et al.,

di scl oses a preferred formof pipe joint wherein the height of the threads
in the threaded portion of the joint is at a maximumin the central area of
the threaded portion of the joint and decreases gradually in both
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9 degrees), to provide a semi-dovetail interfit with corresponding box threads; the pin
10 member stab flank is typically not engaged, there being about 0.020 inches clearance with
11 the corresponding box threads on normal make-up.

12 U.S. Patent No. 4,224,607 to T.L. Blose, issued July 17, 1979, discloses a
13 cylindrical threaded connector having a small amount of taper to produce a controlled
14 radial interference to prevent inadvertent thread disengagement.

15 U.S. Patent No. 4,373,754 to C.A. Bollfrass, et al., issued February 15, 1983,
16 describes a threaded connector having multi-stepped, non-tapered thread sections. The
17 thread profile has at least one "hooked" flank to provide improved tensile strength. The
18 wall thickness of the female or box member of the connector is controlled to improve
19 thread loading and to enable inwardly radial movement with the male or pin member to
20 prevent “pulling out" of the threads under axial tensile loading. The outer thread step

21 of the pin member may only partially engage the threads of the box member such that the

22 critical reduction of the tube wall thickness at the thread roots is a minimum.
23 U.S. Patent No. 4,384,737 to H.E. Reusser, issued May 24, 1983 discloses a
24 tubular connection including a coupling or integral socket into which pipe sections are
25 threaded. The outer surface of the pipe sections includes an unthreaded nose portion at
26 the outer end of the threaded portion. The nose portion terminates with an annular
27 surface and includes a plurality of convex surfaces of revolution extending
28 circumferentially of the nose portion, all of which surfaces are adapted to engage the
29 unthreaded portion of the coupling or socket to establish a fluid-tight seal. The present
30 invention does not utilize such a pin nose design. Another feature of the Reusser
31 invention (which is present in all claims which do not pertain specifically to the above-
32 described pin nose design) is that surface-to-surface thread contact exists between either
g _
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on the pijp7g-bde-thread root continues on a taper with the pipe |ongitudinal
axis while the crest of the thread is constructed along a |ine parallel
with the pipe longitudinal axis. Thus, at both the exterior and interior
edges of the threaded connection, the thread di sappears where thread root
andythre [

ol { o R SR BRSDRicHIR RN QAT Biechfe Bl Bt

i nt @r engd@e@orﬂdns of I?h:teadutonl‘éach InchiberPot thet Refa: ndtbrescornitact betivebn l;otE the1 940,

pertalns to a 100K t read for as defi.ned .herein) wherein the pin
menBer d’é’&°¥ F"c 2t RYBLRS\ e PESTL ARvention, Joes ARk use tus é'?ﬁ‘&q 0

dr ay ”‘e g%pﬂ&&ﬂlhg@wnsoexféma ﬁtnberﬁalééf\g; %élebﬁﬁéanansq%'casn&fnﬁnfdfggion-

The thread tormi ructe onata r to the | ongitudinal axis t he
confiect i qmeseht Mvedtidneexhibits. suﬁad&&—ﬁ&&@dhﬁa@coﬁp@rbweers&a@desmmmts 22,

1913 e RS T B S B el AP e 1

hel kcal tfy.g@d. to provide a constantly increasing

8 U.S. Patent No. 4,398,756, issued August 16, 1983 to Duret et al., describes a
9 cylindro-conical pipe joint wherein approximately 15% to 25% of the joint is threaded
10 upon a continuous construction line which is at a taper to the longitudinal axis of the
11 pipe, with the remaining approximately 75% to 85% of the threaded portion of the joint
12 being threaded upon a continuous construction line parallel to the longitudinal axis of the

13 pipe. The position of the threading which is on a taper to the pipe longitudinal axis is
14 that which forms the entry to the connection when the pin and box are initially being
15 telescoped together. Thus, clearance is provided by the taper of the box entry to permit

16 ease in initial telescoping of the pin into the box, prior to actual engagement of the
17 threads. Another feature of the Duret et al. invention is that the female (box) member
18 has an internal shoulder against which the end face of the male (pin) member seals. The
19 connection of the present invention relies on other sealing surfaces within the central
20 structure of the connection, permitting the end face of the pin member to extend openly
21 at the edge of the connection.
22 U.S. Patent No. 4,570,982 to T. L. Blose, issued February 18, 1986, describes
23 a tubular connection including pin and box members having a two step thread profile with
24 the leading thread step of the pin member being a smaller diameter than the second thread
25 step. The thread profile of the members has a negative angle load flank and the thread
26 steps are axially separated from one another by a reverse angle torque shoulder having
27 one or two adjacent conical surfaces. The negative load flank angle of the threads and
28 the reverse shoulder angle combine to lock the members together and prevent differential
29 radial separation of the engaged conical sealing surfaces.
30 U.S. Patent No. 4,591,195 issued May 27, 1986 to Chelette et al. discloses a
31 center shoulder seal located between two threaded portions of a pipe joint, wherein the
32 threaded portions are stepped threads constructed on a line parallel to the longitudinal axis
7 L e
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t hread wyshghpgopom one end of the thread structure to the opposite end. This
variable width thread structure is said to enabl e easy di sassenbly of a rod
or pin froma socket. REPLACEMENT SHEET -4- permitting separation of pin
from socket without the need to conpletely unscrew the parts, while
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pi pg menber haySN®agnt ol BBO3CBBY Ottt BW. Welsh, issued August 8, 1986, discloses a

5 threaded fastener having an axis adapted to thread connect to two bodies. The fastener

6 is threaded on the inside and the two bodies are threaded on the outside. The threading
7 has first and second load flanks which face axially oppositely. The first flank defines a
8 second pitch, said pitches being different and characterized in that when the fastener is
9 screwed onto body threads the first flank tightens against one body thread when the
10 second flank tightens against the other body thread. |
11 U.S. Patent No. 4,671,544, issued June 9, 1987 to Donald J. Ortloff discloses a

12 threaded pipe connection having two portions of tapered threads with tapered sealing
13 surfaces located between the threaded portions. The tapered sealing surfaces engage a

14 resilient seal member located in a groove about midway between the ends of one of the

15 seal member surfaces; when the joint is made up, the sealing surfaces form independent

16 metal-to-metal seals on both sides of the resilient seal member. In a preferred

17 embodiment, the threaded portions are in the form of two steps, one on each side of the |
18 center sealing surface described above; the threads are wedge-shaped threads that increase

19 in width progressively in one direction within each step of threads.

20 U.S. Patent No. 4,676,529, issued June 30, 1987 to Patrick E. McDonald

21 describes a pipe joint wherein the pin and box members have two stepped portions of

22 threads, each constructed on a line parallel with the longitudinal axis of the pipe, and
23 having metal-to-metal sealing surfaces located between the threaded portions. The sealing

24 surfaces provide three engaging shoulders between the pin and box; the two sets of outer
25 shoulders have space between them at the time the set of inner shoulders is in contact.
26 Between the set of inner shoulders and each set of outer shoulders, there is a groove; in
27 one location the groove is in the box portion of the connection and in the other location
28 the groove is in the pin portion of the connection. When the connection make-up torque
29 is beyond the yield point of the metal of the set of inner shoulders, the metal extrudes
30 into the grooves in the box and pin members to form interlocking surfaces which hold
31 the box and pin from relative rotation. L
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surface and7&oedpered buttress thread at the end thereof vanishing al ong
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9 engagement.

10 U.S. Patent No. 4,703,954, issued November 3, 1987 to Ortloff et al. describes
11 a threaded pipe connection comprising a box having tapered internal threads and a pin
12 having tapered external threads, wherein the threads are dovetail shaped in cross section
13 (wedge shaped thread) and increase in width in one direction on the box and in the other
14 direction on the pin. This design is improved over that described in U.S. Patent No.
15 3,989,284 (Re. 30,647) in that high stress concentrations are avoided in the box between
16 the first thread and the end of the box by making the length of the box between the first
17 thread and the end of the box equal to or greater than 5% of the pipe diameter and by
18 providing clearance between the crest of the first full thread on the box and the root of
19 the last thread on the pin and between the crest of the last full thread on the pin and the
20 root of the first full thread on the box.
21 U.S. Patent No. 4,703,959 to E.E. Reeves et al., issued November 3, 1987
22 discloses a threaded pipe connection with compressible seal ring. The connection
23 comprises a pin member threaded on the outside and a box member threaded on the
24 inside. The members have threading which is tapered, with generally dovetail-shaped
25 ‘threads that increase in width in one direction on the pin and in the opposite direction on
26 the box so that the pin and box threads engage to form thread seals between the flanks
27 of the threads and between the roots and crests of the threads. The improvement is said
28 to comprise an annular groove intermediate the ends of the threads on one of the box and
29 pin to form a cavity between the groove and the threads on the other of the box and pin
30 and a ring-shaped seal member of compressible material located in the annular groove.
31 U.S. Patent No. 4,753,460, issued June 28, 1988 to Lawrence Y. Tung, discloses
32 a tubular connection having a small diameter thread set and a large diameter thread set,
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780€° end of the coupling during power make-up. U S. Patent No.
gtggg?gg4?aissued Novenber 2, 2976 to Thomas L. Blose (see also Re. 30,647,
i ssued June 16, 1981) describes a tubul ar connection (pipe joint) designed
to produce hoop tension in the pin nenber and hoop conpress!on in the box
menbdr, t fthe Gmatlethtead rsee Kivihg Tasleﬁd&f' Rfibel B ithdads 'sgtt 6%? K &g,o
achieve the dove- tail inter t he angl es forned etme t
fl anks andorque shgplder\dy Jocated th%”@elﬂr téadhmé setssandt 1 aecoatianyt tofquer sholldep @ her

ot ne. drrags ST reiilge YRR . Blnd préfied SBPhoieh b i el rpadi | o

fromthe

Wi t h4t he sinathef pinndf both esetiSarida tiealakty partigl thrkad of Atk E:haq?'séﬁs i thel (@géﬁgg 3 he

d stab_flank is the thread flank which is on t eadi ng e
o e%s f eﬁﬁbe@a@é roet amtew) (thatroot icentbu is Tomstiuoted 6t ankiné patdlle] twithi g

‘P: 2”% of tl&?g:@u'&fxﬁf@xxsld} tfid | 1pe?s\ev%ere5.sh?hé rhermea?rgfer of threads exhibit a tapered root
7 contour. The longitudinal taper angle of the pin thread sets are dissimilar to the box
8 thread sets, there being a maximum separation of the sets near the center of the
9 connection. At the center, a seal is provided; the last threads adjacent to the center

10 shoulder on the threaded sets are hooked (the angle of the pin load flank is negative with
11 respect to the pipe longitudinal axis). In all embodiments described, the threads exhibit
12 a negative load flank and a positive stab flank. The center shoulder area of the pin
13 exhibits two flanks, one of which is positive (near the small diameter step of threads) and
14 one of which is negative (near the center of the shoulder and about midway between the
15 two steps of threads).

16 U.S. Patent No. 4,822,081 to T.L. Blose, issued April 18, 1989, describes a
17 driveable two-member tubular connection, and in particular a thread form for the
18 connection. The thread form utilizes converging, trapped thread flanks and mating
19 shoulders and end faces with dissimilar angles. A two step thread design is illustrated,
20 wherein variable width "trapped” threads are present on each step of threads. The thread
21 crests and roots are described as making contact before the thread flanks are touching.
22 This Blose et al. invention is concerned with the benefit of the thread stab flanks in
23 assisting the shoulders/end faces in resisting axial compressive loading and with the
24 different angles between mating shoulders and end faces to reduce deformation of the

.25 shoulders upon axial compressive loading.

26 U.S. Patent No. 4,893,844 to K.D. Chelette et al., issued January'16: 1990,
27 discloses a tubular connection with ventable seal. A deforming seal member is disposed
28 between two surfaces such that a space is provided to at least one side of the sealing
29 member. The connection comprises box and pin members having hooked threads, a stop
30 shoulder between the two members and various seal means.

31 U.S. Patent No. 4,917,409, issued April 17, 1990 to Doyle E. Reeves describes

32 a threaded connection employing a tapered, wedge shaped thread. The threads increase

—
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are desi gneglgwst h cl earances such that there is a "dove-tail interfit"

bet ween pin and box drawing the pin wall outwardly and the box wall
inwardly to produce hoop tension in the pin nenber and hoop conpression in
t he box nenber in a nmade up connection, i.e. there is a wedging interrit of

thrads i {ifih TRI6ne! dirk&tioht on GRE hodxh BRAGn NRERRer éltéBti%ﬁ' &%qﬂe gﬁn.t hehe 284

Bl ose patent as having progressively changing axial w dth alon
subX ant i imgrgvenhent emer the priet axt appéass tit e inithe elility ofl théthuredd ddsignptodfearsedd

e i e
e pI pe )
threads c LT

=i aﬁfﬁnggfﬁsxséacﬁ kS ﬁgﬁ%@ﬁ%@gﬁé aﬁ&bre‘sfscw ﬂhQ@thlé sibili

| ongi t udi na an i nner shoul der sea
bet Seen toff areating asm@anmtsle chamber upsnreoongction makeﬂméharﬁao@nmmhe liquad onner

shouyl der seal bet yween two rea sect ons on_t

i f for ontParterike oA oTicARt PR, b BrEF BRI Eradins S prrdly it

mul t7 pl e-$t@p ehiirePptedibdd) Athel W&We-sm&d ﬂﬁéadS%| be 4R veMIEbr %aauhé\%m? ea'
i's shown and described as havin or mating (sealing) surface which is

par @ | el theeadtprofileee A awgahlwﬂdgﬂ thaaa scanstructiagy (vhereini thgpad width increases
9 progressively in a given direction) is used in combination with the dovetail or semi-

10 dovetail thread profile (as in the Blose patent 3,989,284). The specification and original

11 claims of Reeves discloses that the load and stab flanks of the thread fully engage "at
12 substantially the same time upon rotational make-up of the threaded connection” Col. 4,
13 lines 43-48. Although only continuation applications were filed during prosecution (no
14 continuation-in-part applications which would permit the introduction of new matter), the
15 claims were amended in a subsequent continuation application to contain the limitation
16 that the thread flanks did not fully engage at substantially the same time.

17 Another concept disclosed and dependently claimed in Reeves is that it is desirable
18 to increase the thread width at the widest portion in the range of approximately four times
19 the thread width at the narrowest portion at the same thread location. There is no
20 discussion as to why this provides an advantage over prior art (which is said to show less
21 of an increase in thread width).

22 U.S. Patent No. 4, 944, 538 to S.R. Read, issued July 31, 1990, describes a
23 threaded pipe joint having improved seal ring entrapment. .
24 U.S. Patent No. 4,958,862 to C. Capelli et al., issued September 25, 1990,
25 discloses a tubular connection comprising a pin member having at least one external
26 tapered thread and a box member with complementary internal threads. An end part of
27 the pin member beyond each thread has a conical seal surface and the box member has
28 a conical seal surface with the same taper as that of the pin member, so that upon N
29 tightening of the joint a seal is created between pin and box at the forward end region of
30 the pin member.

31 U. S. Patent No. 5,029,906 to K.D. Chelette et al., issued July 9, 1991, pertains
32 to a deformable sealing member used to provide a pressure vent for mating tubular

/
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(sealing) 1s18-f@ce which is at an axial taper. U S. Patent 4,009,893, issued
March 1, 1977 to Schatton et al., discloses box and pin members having two
axially spaced thread sections being separated by a radial step zone which
i ncludes, for one nenber, eg. the pin nenber, an annul us having an axi al

undeqcut, nferhtieSt O eypidal Ahreded EupingREMPrisAdpinland ORI MembeRWalh Bavinga

I
peripheral surface, which sealingly engages a slightly contoured sur
t he Box mstepped threadhdesiancof haoked comfigurationeon atilehstomeaside: dfta atopushosldeear s

box Honber . Thalk drpt sebebeean’ 1390HA"SCR, A0Er apiptRned 36 1680 Srs o
respgcti vehiietytoft theeadnébsidins tidicPican IFeNkied t8dnhQX 1WB&eord badts &%j%@d

that _a flat annulus having good sliding properties, such as"teflon, .
i nt e? posedatgrallyeatnwhich, sinnenerieg 2 matemial;s wilh beteme aachbred ehemimp hndaagistr y

b ) f t.he b . ne diment .. there is a space_between
tho Bin nesmstion BB S rent Aodle o Be RneneLaxs pEne RGhoe B ne
box renbe, ofafhe discissiltd Bibws £8M21d RodkiHREAOBRMAIL.0 Fig. 10 Hdws 3RAGEIANIK! he
undeécut space of_the pin nenber annul us.

thread profile.

9 U K. Patent Application of K. Maruyama, published November 4, 1981, describes
10 a fluid tight thread joint for oil or gas well pipes. The joint comprises box and pin
11 members; the thread on the pin starts from the pin end as a rounded triangular thread and
12 becomes a buttress thread; the thread on the box member is formed in a corresponding
13 manner.

14 ' DEFINITIONS
15 For convenience and accuracy of description, the following definitions have been
16 adapted for use in describing the connection of the present invention.
17 The "pin member” of a connection is understood to mean the male portion of a
18 tubular member which is threaded on its external surface to be interengaged with threads
19 on a box member to provide a connection.
20 The "box member" of the connection is understood to mean the female portion
21 of a tubular member which is threaded on its intenal surface to be interengaged with
22 threads on a pin member to provide a connection.
23 A connection having a "two-step thread" is understood to mean a connection
24 having two threaded portions wherein one threaded portion has a greater radius from the
25 Iongitudinal axis of the pipe than the other threaded portion.
26 A "center shoulder seal” is understood to mean a section of a connection disposed
27 _ between at least two threaded portions, which section exhibits directly contacting surfaces
28 between the pin and box members, or between the pin and box members and a third
29 component such as an annular sealing sleeve, so that the section provides a seal for
30 preventing the passage of fluid through (across the threads of) the assembled connection.
_____ I
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U S. Pat edg78@09° 4, 076,436 to D.T. Slatoret al., issued February 28, 1979,
describes specially designed stress relief grooves for threaded end .
portions of tools and for collars on reciprocating or rotating drill string
nount ed t ool s. -6- U S. Patent No. 4,161,332, issued July 17, 1979 to
Thomhs L. Bl osé aester ishesider M&Qn@gﬁhnbﬂ%dmbr&ﬁlgom Iéékédbﬁ’dum@'mﬁﬁlaef‘av' ng
I nte engaggd t wo- step threads and mterengeaged annul ar shoul ders. One of

the &nnul APRIZgBRQTelsungerstond toommes & icepter (S’Gage(lla&mgahteyloblang@emtm

con so that the
pi 1 Fermbe? TR of Bhfencire eRieABAE fron{Latn XaRHecHSh ety Tard oEthyiee Bt pe
| ongét udi sedtionali view jof eifeclockddydcubleadhouldeb cOla@REESS JwittPthe cayds @Ectﬁm %ut alqno
sem -dovetai|l interfit, of t he shoul der on makeup of the joint.

menber t hielgasitydinal axisof t@@(?ﬁ’mef;"%(l’ﬁ%m%d@‘%$ shquirieg configuration has the

6 appearance of a reverse block S having extended tails on the S. The center bar of the
7 reverse S, which extends lengthwise in the general direction of the connection
8 longitudinal centerline, can be parallel to such centerline or can be at an angle with
9 respect to the centerline. The angle with the connection longitudinal centerline is
10 preferably less than about 45 degrees. More preferably, the angle of the center bar of
11 the reverse block S with respect to the connection longitudinal centerline is less than
12 about 25 degrees.
13 A "thread root" is understood to mean the thread location at which the wall of the
14 tubular member has been machined away to its maximum depth. The thread root defines
15 the major diameter of a box thread and the minor diameter of a pin thread.
16 A "thread crest" is understood to mean the thread location at which the wall of
17 the tubular member has been machined to its minimum depth (in some cases, none of the
18 wall will have been machined away at the crest of the thread). The thread crest defines
19 the major diameter of a pin thread and the minor diameter of a box thread.
20 A "run-out thread" is understood to mean a portion of thread having its roots
21 machined on a taper with respect to the longitudinal axis of the tubular member, but
22 having its crests machined parallel to the longitudinal axis of the tubular member;
23 gradually the construction (machining) lines of the crests and roots of the thread intersect
24 and the thread disappears. In an assembled tubular connection, a run-out thread-on a pin
25 member or box member typically corresponds with a run-in thread on the corresponding
26 box member or pin member, respectively.
27 A "run-in thread” is understood to mean a portion of thread having its roots
28 machined parallel to the longitudinal axis of the tubular member, but having its crests
29 machined on a taper with respect to the longitudinal axis of the tubular member; from an
30 initial point, the construction lines of the crests and roots of the threads diverge,
31 ultimately achieving a full height thread. In an assembled tubular connection, a run-in
S
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flank (priefgoepl y about 15 degrees) and a negative stab flank angle
(typically about 30 degrees), to provide a sem -dovetail interfit with
correspondi ng box threads; the pin nmenber stab flank is typically not
engaged, there being about 0.020 inches clearance with the correspondi ng
box 1t hr e afifeadon"®piiPmeliBkEotBox MembePayitdilyNdrredpohdd vty a trin-but thrBAD&®,

i ssued July 17, 1979, discloses a cylindrical threaded connector having a
smal2  anotheconespoadiag hox membercer pincwembey, irespestivgl¥al i nterference to

preyent inadveft.ent read di senga t. U S Patent SRCYAC 4. t0 C A
Bol If rass, et I%}rﬂgﬁégaﬂg&sfé\%ﬁgﬁq@qﬁ@?%g‘gﬁg’gﬁ?%‘gfﬂggé%ﬂﬁector
havigng nuthb ithiehe peA thé)pin- is Aslescofed kHtedke B@Gt i ons. The thread profile has
at | east one "hooked" flank to provide inproved tensile strength. The wall

t hi &kness of tThe {threadoast fland iswndenstoed to meae dhetailing flask of attheead egon o

I mproove th .l oadjng.angd t ble inwardly radial novenent with the nale
or pin rretﬁjt’?g?ao%t“# gfg’gg’ﬁﬁlﬁgﬁﬁ?ﬁﬁ’g out" of the threads under axial tensile

| oadi ng. The oplirlead Migftangte*ds Ghddéri@od tomeBihe angie fofdd/batwedr tklttregoage

the threads of the box menber such that the o )
8 flank and a line constructed at the root of the thread flank, which line is perpendicular

9 to the longitudinal axis of the connection (tubular). For ease in understanding, flank
10 angles are defined in geometric terminology. For example, for a connection member
11 cross-sectional drawing showing the connection member with its leading, threaded end
12 toward the right hand side and its trailing threaded end (typically followed by extended
13 tubular) toward the léft hand side, a positive flank angle is one wherein rotation of the
14 perpendicular line toward the thread flank is in a clockwise direction, and a negative
15 flank angle is one wherein rotation of the perpendicular line toward the thread flank is
16 in a counter-clockwise direction. In the connection drawings illustrated throughout this
17 application the connection pin member is shown at the bottom of the drawings with its
18 leading edge on the right hand side while the connectibn box member is shown at the top

19 of the drawing with its leading edge on the left hand side. Thus, the box member
20 drawing can be reoriented to have its leading edge on the right hand side for purposes of
21 viewing the direction of rotation of the line constructed perpendicular to the connection

22 longitudinal axis at the root of the thread flank. As described previously, the stab flank

23 of the thread of each connection member is the thread flank which is leading or most
24 forward as the connection members are telescoped together.

25 A "corresponding connection member portion” is understood to mean the portion
26 of a connection member in contact with the member being discussed, upon assembly of
27 the connection. For example, when a portion of the pin member of the connection is
28 discussed, its corresponding connection member portion is the portion of the box member
29 which will be in contact with that portion of the pin member upon assembly of the
30 connection.

31 "Complementary engagement” is understood to mean the interengagement of
32 corresponding members wherein both corresponding members are threaded in sections

14



critical rxd#0%ion of the tube wall thickness at the thread roots is a
mnimm US. Patent No. 4,384,737 to H E Reusser, issued May 24, 1983

di scl oses a tubular connection including a coupling or integral socket into
whi ch pi pe sections are threaded. The outer surface of the pipe sections

i ncliudes havingessemtialiydequab threaat $ection déngtih en @aéte menitér,0ind Whetelr Grd@ilire
portlon The nose 8rt|on t er m nat es vmth an annul ar surface and i ncludes a

pl uréal i t yhaghtQfiihread on at least-onsrmemben parithrcadsd: seqtiomip compleistycensompassed of

t he nose | f e the

unt Hr eade ﬁf|5fcr)‘r |on{%¢ gtﬁgeﬂgoﬁ‘gloﬂﬁ% %?ﬁg%&gg% @%R‘gggg%%dgﬁ q'hl d-tight
seald The presamieadrividiveadMisdndersood tolirican & Stadtirppcition Bf AIEReigitdriRarly
Anot her feature of the Reusser invention (which i's present in all clalns

whi ¢h do fwkheightithreads whichrare machined oprictaperotpethe dengitudisatiaxis of thaswibulasi gn)
s td‘at SMEIn@Qxe 2h@ begidnie alifab&ft Cio® Y Bliter™ ShothiderP ?&y\%%ﬂﬁgu}a%n.. In an

7 assembled tubular connection, a lead-in thread on a pin member or box member

8 corresponds with a run-out thread on the corresponding box member or pin member,

9 respectively.

10 SUMMARY OF THE INVENTION

11 In accordance with the present invention, a tubular connection comprising at least
12 two connection members and a center shoulder seal has been developed in a manner
13 which provides stabilization of the center shoulder seal and improved efficiency (strength
14  of connection/strength of tubular) of the connection.

15 Also in accordance with the present invention, a center shoulder seal design which

16 provides multiple metal-to-metal sealing surfaces is described. This seal design

17 comprises a locked double shoulder configuration.

18 In addition, the invention pertains to a thread profile which provides a self-
19 centering function during make-up (assembly) of the connection.

20 Although the present invention can be applied to connections comprising tubulars
21 and couplings, the most frequent use of the invention will be in the form of a tubular
22 connection comprising two connection members, and thus the invention is described in
23 this form below.

.24 With reference to a tubular connection comprising two connection members,
25 namely a pin member and a box member, the stabilization of the center shoulder seal is
26 a.chieved using at least one run-out section of thread adjacent to the center shoulder
27 configuration of each connection member. Typically, the at least one run-out section of
28 thread is located adjacent the center shoulder configuration on that portion of the
29 connection member at which the wall thickness is less. The run-out section of thread is
30 typically used in combination with a run-in section of thread on the corresponding

[
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t he m norixfisaet er flat portions of thread on each nenber or between the
maj or dianeter flat portions of thread on each nenber, but that there not
be contact between both the m nor and najor dianeter flat portions. The
present invention does not use this nethod of controlling stresses created

during maksnmestic mielberf.0 Huddvet)Ma rubheutCeoii@ic bf thieadf canlte Bsed <t Woribinatiohi on
exhi bits surface-to-surface thread contact between the crests and roots of

succassi vwithr Bdlgheight lead-in thygad ofethgicormespanding eonaeqtion memBes.ty (but not
o )5 parti al gy bt vcaiten UrSic P68 erg 4,380 o SR AULGRa 0

1983 to Duret eScribes arc ro-conical prpe joi

apprxi majggethed bn the san%cd}ﬁxecfndnheembem twittSthe kestar sisbulder toafigeratiom edted
construction line which js at a taper to the Iong|tud| nal axis of the pipe,

Wi thS t he betweemithey twg Secsions éhSPa¢5(V'IIBQ) C%%P@F dipg conpgcign anepben widhalsp t he

| ondh ¢ i bt e SPrrbfiaNafe SOt 48 4G FPARE AR Mhend S ENALT ' Bt 7
tapey to Isf‘@epseloe:flrom and irebunthiréads sadjdeait thBicehtef elidEiddéreak NBvkn trforehe

connection when the pin and box are jnitially bei ng}
8 preferably, in addition to the connection having One set of run-out and run-in thread

9 sections adjacent to the center shoulder seal, the connection has a second set of run-out
10 and run-in threads adjacent to the terminal ends of the connection. Such a double set of
i1 run-in, run-out thread sections stabilizes the center shoulder seal and the entire
12 connection. The double set of run-in, run-out sections of threads also provides the most
13 efficient connection. |
14 When a connection member exhibits a single run-out thread adjacent to one side

15 of the center shoulder configuration and a full height lead-in thread adjacent to the other

16 side of the center shoulder configuration (with corresponding thread sections on the other
17 connection member), a relief groove may be disposed between the center shoulder
18 configuration and the full height thread. The relief groove permits proper
19 interengagement of the threads upon assembly of the connection and facilitates machining
20 of the full height lead-in thread. When a single set of run-out, run-in threads is used,
21 with the center shoulder seal located between them, or when a double set of run-out, run-
22 in threads is used, it is typically not necessary to use such a relief groove.

23 The most preferred center shoulder seal design is a "locked double shoulder” seal
24 which provides an interlocking design, wherein a longitudinal cross section of the
25 assembled pin and box contacting surfaces (in the center shoulder area) exhibits a reverse

26 block S shape having extended tails on the S. Typically the assembled locked double

27 shoulder configuration cross-section is two to three times as "high" in the radial direction
28 (perpendicular to the tubular longitudinal axis) as it is "wide” in the axial direction
29 (parallel to the connection longitudinal axis). In addition, the height is typically 1/4 to

30 1/3 of the pipe body wall thickness. The center bar of the reverse "S", which extends

31 lengthwise in the general direction of the connection longitudinal centerline, can be
32 parallel to such centerline or can be at an angle with the centerline. The angle with the
16 o
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t el escoped278e®@et her. Thus, clearance is provided by the taper of the box
entry to permt ease in initial telescoping of the pin into the box, prior
to actual engagenent of the threads. Another feature of the Duret et al.
invention is that the femal e (box) nenber has an internal shoul der agai nst
whi ch t he comkcfion dongitudiveal neeneerline iy prefebahly sless shanThboutodf edegrers, ahorehe
present invention relies on _other sealin the central

f it hi
st r ugt ur e praferably lessthar aboy 25 GéSWF%taF‘HdYI%ﬁ%&relﬁ%Ctggbg’%ﬂt Ilg degiseh ABHedl t o

t end . . f t .08 o . , t
T P ol o2k Hrobides 376, 3\ mbaF GpoBRER jelhe duacetPhrillin W ifec () 26 1
i ncl gdi ng ciafineé,dclbextolerarie rsealing\sunfaces Wwitioch stue pe plugged! withathidad coirpbuid)e

| eadi ng thread step of the pin nenber being a smaller dianeter than the
secohd t heBAQrakassemPlY-t hread profile of the menbers has a negative angl e

surtaces.

| oadg! | ank and eyt RiR3ckial aBRIBLoIrEhikr SEPRIALEIEA! QRGP RIS DY 2

reverse angle torqu avi ng one or two acent conica

The megat idesighsowmblich laseknawrginethe farttdan alsbrbeastizbilined using themer-ewt, simin tHieszadangl e

conbisne to | ock .t he nenbers._ together and prevent Sﬁliffere i al

constructions described above adjacent to the center shoulder. amples of other
9 shoulder designs which can be stabilized include, not by way of limitation, square
10 shoulder; hook shoulders (wherein the shoulder exhibits at least one negative angle
11 relative to the connection longitudinal axis; square shoulders with a frustrum seal; annular
12 shoulders (shoulder on a taper with the connection longitudinal axis); shoulders
13 comprising grooves or an annulus having an axial undercut which employ a sealing
14 sleeve, ring or annulus; and shoulders designed to extrude a portion of their mass
15 laterally into adjacent grooves upon assembly of the connection. The profile of
16 the.individual thread which can be used to make up the run-out, run-in thread sections

17 is preferably selected from the group comprising double hook thread and single hook
18 thread; although other thread profiles standard in the industry can be used.

19 The double hook thread profile is preferred in terms of mechanical performance.
20 The double hook thread exhibits a negative load flank angle and a positive stab flank
21 angle. A double hook thread profile in which the absolute sum of the load and stab flank
22 angles (independent of the sign of the load and stab flank angles) totals less than about

23 20 degrees will function well in the present invention. Preferably, the negative load flank
24 angle does not exceed about 8 degrees and the positive stab flank angle does not exceed
25 about 5 degrees. More preferably, the negative load flank angle ranges from about zero
26 degrees to less than 5 degrees and the positive stab flank angle ranges from about zero
27 ~ degrees to less than 2 degrees, with the absolute sum of the angles being less than 5
28 degrees.

29 The single hook thread comprises a negative load flank angle ranging from about
30 zero degrees to about 15 degrees and a stab flank angle ranging from zero degrees to a
31 negative angle of about 35 degrees. Preferably the negative load flank angle is less than
32 8 degrees and the negative stab flank angle is less than 20 degrees. More preferably, the

17 R
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radi al sep@i&00On of the engaged conical sealing surfaces. U.S. Patent No.
4,591,195 issued May 27, 1986 to Chelette et al. discloses a center

shoul der seal |ocated between two threaded portions of a pipe joint,
wherein the threaded portions are stepped threads constructed on a line
par alll el tnegaties load dlank dnglel rangsssfrom abdut pérotdegreets pe les$hivarcs56ue '8 Gdposdsder

| 4is faby.l d h ' ' of the seal contains an undercut
o oo vihi RIS S3b ok AR TERARS) (R ORI Ger deBTess D ArRpSitve gmgle af gsaan
I ' ' Vi | NI n o] ases
b 1 Paui deoB e, "Mk prefr S et Rotond H0ER efiet® radgBh ot Bl %
19864 di sodegsees taleshithandboutfSaddgrens; whileitingstabnflank angdelrmpedifrom b daskees

connect to two bodies, The fastener is threaded on the Inside and the two
bodi 8s ar doRAHYERE]S ‘?‘ﬁ@sso@?%i%o%gr%e t hr eadi ng

6 The double hook and single hook thread profiles described above are preferably
7 used in combination with a variable width thread, wherein the thread on each member
8 changes progressively in axial width, with the thread width of the pin member
9 progressively increasing from the leading or forward end toward the following or trailing
10 end of each step of threads, and the thread width of the box member increasing in the
11 opposite direction.
12 The make-up of the connection having single hook or double hook threads is

13 greatly improved by providing a chamfer on the stab flank of the thread profile. This

14 chamfer provides a self-centering function during telescoping of the pin member into the
15 box member. In addition, the chamfer provides increased surface contact area between
16 the members at the time of telescoping, reducing the overall load at any particular contact
17 point and reducing damage to the connection on make-up. The axial distance of travel

18 or width of the chamfer is preferably about 0.005 inches or less, with the degree of the
19 chamfer being a function of the thread pitch and taper. The degree of chamfer is such
20 that the radial height of the chamfer (perpendicular to the connection longitudinal axis)
21 is approximately equal to the step height between the chamfered stab flank and the
22 preceding load flank. The height of the stab flank minus the height of the preceding
23 thread load flank is typically called the step height.

24 BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1A shows a schematic of a longitudinal cross-sectional view of one
26 embodiment of the assembled connection of the present invention, wherein the connection
27 comprises a locked double shoulder center-shoulder seal, a single run-out thread section
28 on the pin member adjacent one side of the center shoulder seal and a full height lead-in
—
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has firsti2aggdosecond | oad flanks which face axially oppositely. The first
flank defines a second pitch, said pitches being different and
characterized in that when the fastener is screwed onto body threads the
first flank tightens agai nst one body thread when the second flank tightens
against tthpeaatsbaiodmﬂuse?m fethbekadjacenbthRrthdvaide’oftiid céniet, shofitdlee skad Uith 9,
1987 to Donald J. Otloff discloses a threaded pi pe connection haV|ng t wo
por t2 ons esfrraspensling threadocondigiirations apdheBox @embes surfaces | ocated between
the threaded portions. The tapered sealing surfaces engage a resilient seal
menber | ocated in a groove about m dway between the ends of one of the seal
menter surf acepupbIeB {Hewvs P istenabicrarige 10mitudingl 6roms-ibordlMiewest the M

i ndependent netm? to-metal seals on both sides of the resilient sea

mentder .  mambhempshoiar incbigurenbdli ment, the threaded portions are in the form
of two steps, one on each side of the center sealing surface described
above; the threads are wedge-shaped threads that increase in width

pr ogy essi vel y Figue#aiHoaat 4 echematibiof £RnBitedingl @bsstReeatis vidd Sf thabent No.

4,676,529, issued June_30, 1987 to Patrick E. MDonal d
6 member shown in Floure 1A.

Figure 2A shows a schematic of a longitudinal cross-sectional view of a second
embodiment of the assembled connection of the present invention wherein the connection

comprises a locked double shoulder configuration forming the center-shoulder seal and

10 a set of run-out and run-in thread sections on each side of the center shoulder seal.
11 Figure 2B shows a schematic of a longitudinal cross-sectional view of the pin
12 member shown in Figure 2A.
13 Figure 2C shows a schematic of a longitudinal cross-sectional view of the box
14 member shown in Figure 2A.
15 Figure 3A shows a schematic of a longitudinal cross-sectional view of a third
16 embodiment of the assembled connection of the present invention, wherein the connection
17 comprises a locked double shoulder center-shoulder seal and a double set of run-out and
18 run-in thread sections, with one set being adjacent to the center-shouider seal and the
19 other set being disposed at the terminal ends of the pin and box members.
20 . Figure 3B shows a schematic of a longitudinal cross-sectional view of the pin
21 member shown in Figure 3A.
22 Figure 3C shows a schematic of a longitudinal cross-sectional view of the box
23 member shown in Figure 3A.
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descri begam-gagpe j oi nt wherein the pin and box nenbers have two stepped
portions of threads, each constructed on a line parallel wth the

| ongi tudi nal axis of the pipe, and having netal -to-nmetal sealing surfaces

| ocat ed between the threaded portions. The sealing surfaces provide three
engqgi ng shoulpignfe HRIHBRS af RRematic 818 18bitudinal clode s&lioRaloviequbes falrail ders
have space between themat the tinme the set of inner shoulders is in
conRact . aBdtmestrprefecred ambodimentcof hismssanhled snonestiom whereut theucennection

shoyl ders, there js,a, greove: in_one |lqcation the,qgreove i.S in the box

Sor i on SR iR dRiehpuldir Brler: hibilde? Seal Aol ¥ of BusBuf aBS oARY | o

Pi n4por ti;heid sdidoRs) EnEché befeﬁ‘&ﬁthrmepr@ﬁrw@%ﬂgw hOGHK SrariableOk e thréadoey ond
t he vyi elé point of the metal of the set” of inner shoulders, the netal

ext Sudes haming chamfered stabdflanks). he box and pin nenbers to forminterl ocking
surfaces which hold the box and pin fromrelative rotation.

6 Figure 4B shows a schematic of a longitudinal cross-sectional view of the pin

member shown in Figure 4A.

Figure 4C shows a schematic of a longitudinal cross-sectional view of the box

9 member shown in Figure 4A.
10 Figure SA shows a schematic of an enlarged view of the longitudinal cross-section
11 of one embodiment of the locked double shoulder center-shoulder seal, in the form of the
12 assembled connection shown in Figure 1A.
13 Figure 5B shows a schematic of a longitudinal cross-sectional view of the pin

14 member of Figure SA.

15 Figure 5C shows a schematic of a longitudinal cross-sectional view of the box
16 member shown in Figure SA.

17 Figure 6A shows a schematic of a longitudinal cross-sectional view of a portion
18 of a section of double hook thread profile of the present invention having a negative load

.19 flank angle and a positive stab flank angle.

20 Figure 6B shows a schematic of a longitudinal cross-sectional view of a single
21 hook thread profile of the present invention having a negative load flank angle and zero
22 degree (right angle) stab flank.

-
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-9- U S Pafgeqlsc No. 4.696.498 to K L. Church, issued Septenber 29. 1987,
descri bes a tubul ar connection having two nenbers, one threaded on the
i nside (box) and one threaded on the outside (pin). Each nenber has a
doubl e set of steep tapered hook threads, two internal pressure seals

i ncl ydi ng a co?sggdlﬁ.gs' I | 1AL, al 4 Q- seal d.3: l.ement ary
Isggl ijrr;adg up o reglél ?’éﬁg C’Egrs%’hggifa%lg ?%% g%ﬁpdﬁgf&. gﬁé&,&?ilgf&l%‘ﬁa& §71 t he
connkct i ovofveationabisingie Kosle tireddepofilo of thei presene fnvehtioh hevingrafdgaive fsadr e -

seal, and a reverse shoul der engagenent between the end of the pin nenber
and 4 shofiaplkeAngls apd @ negative AR aglsaa&ipd the primary nmetal sealing surfaces
I n sealing engagenent. U S. Patent No. 4,703,954, issued Novenber 3, 1987
to Otloff et al. describes a threaded pi pe connection conprising a box
havi#g t aper ed Figiire6Iashowsraesetiematilofa ongitiidinal kgoss-ap@iondl eéivesMmaprefehregads,
wherein the threads are gﬁvetail shaped in cross section_ (wedge shaped

threhd) aAeublsbeeiteead profileiaf theprssent inveation bavies:a negative joadfiankangleandt her

6 a stab flank angle which is slightly positive, approaching zero degrees.

7 Figure 7 shows a schematic of a longitudinal cross-sectional view of a preferred
single hook thread profile of the present invention having a negative load flank angle, a

zero degree (right angle) stab flank and a chamfered stab flank. Most preferably this

10 thread profile would be a variable width thread, wherein the thread on each member
11 changes progressively in axial width. |

12 Figure 8A shows a schematic of a longitudinal cross-sectional view of the
13 assembled connection of Figure 2, but with the thread having the double hook thread
14 profile shown in Figure 5A, and having different leads in the load and stab flanks,
15 thereby producing a variable thread crest/root width on each thread.

16 Figure 8B shows a schematic of a longitudinal cross-sectional view of a portion

17 of the double hook threaded profile of the pin and box members shown in Figure 8A.

18 Figure 9A shows a schematic of a longitudinal cross-sectional view of the
19 assembled connection of Figure 3, but with the thread having the single hook thread
20 profile.
21 Figure 9B-9D show a schematic of a longitudinal cross-sectional area of a portion
22 of the single hook thread profile of the pin and box members shown in Figure 9A.
-
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direction, QgHgge pin. This design is inproved over that described in U S
Pat ent No. 9,284 (Re. 30,647) in that high stress concentrations are
avoi ded in the box between the first thread and the end of the box by

maki ng the length of t he box betmeen the first thread and the end of the

box equal to or & 0 Soé a pe dLa teer0 ﬁi r .vi in )
cl eafance bet h & 8 ?’ tI1 g edxllarr M2 b YRIgh §%BHe
root20f t Rectionsds tﬁé"frﬁ?&'ﬂefbﬁddeexﬁbddlﬁeﬁ drah¥RRRed B6ublé SEuldi &B@:Jsﬁ&ndéﬂl' !

thread on the pin and root of the first full thread on the box.

Pat eBt No sea} a308ed Bothenssembledeenngstien skawn in EKGie#ANovenber 3, 1987

di scl oses a threaded pi pe connection with conpressible seal ring. The
connection conprises a pin nenber threaded on the outside and a box nenber

thregded on t h@jniei B sHows W&c@&ldn%@cﬁﬁﬂ%o&%e@ﬂ‘bdﬁ VW 8 @b %M' th

general | y dovet ai | -shaped threads that increase in width in one direction
on the pi meaheriof RigwwedPPosite direction on the box so that the pin and box
t hreads engage to formthread seals between the flanks of the threads and
between the roots and crests of the threads. The inprovenent is said

6 Figure 10C shows a schematic of a longitudinal cross-sectional view of the box

7 member of Figure 10A.
8 DESCRIPTION OF THE PREFERRE BODIMENTS

9 The tubular connection of the present invention is applicable broadly for use in
10 joining pipes, couplings and the like, but will be described in terms of oil industry tubular

11 connections, since this is one of the highest value uses for the invention. In particular
12 the invention is most typically used in flush joint or slim line tubular connections, where
13 it is desired to minimize any variation in the outside and inside diameter dimensions
14 between the connections and the assembled tubular members. The two major uses for
15 the connection of the present invention are as a flush joint liner, typically having a flush
16 outside diameter, and a liner tie-back, typically a formed connection having a maximum
17 of +3.5% variation in outside diameter.

18 The tubular connection of the present invention utilizes a center seal (between at
19 least two threaded sections of connection) to prevent fluids (liquids or gases) from passing
20 through (across the threads of) the connection. The preferred embodiments of the
21 invention will be described as having a locked double shoulder center shoulder seal,
22 which will be described in detail subsequently. However, other center seal designs such
23 . as, for example, square shoulder, hook shoulder, square shoulder with frustrum seal, and
24 annuiar shoulder can be used in the stabilized center-shoulder-sealed tubular connection
25 of the present invention.

26 In accordance with the present invention, the center shoulder seal is stabilized so
27 that it can withstand various forces placed on the assembled length of tubulars without
28 signiﬁcant damage to and/or leakage through the seal. The stabilization is provided by

B 1]



to conprlse an annul ar groove internedi ate the ends of the threads on one
of the bdx’&¥ pin to forma cavity between the groove and the threads on
the other of the box and pin and a ring-shaped seal nenber of conpressible
material |located in the annular groove. U S. Patent No. 4,753,460, issued
June 28, 1988 to Lawenpce Y. Tung, discloses a tubular connect i on haV|ng a
smah di ASELEFArions cambinations,af ébrm sretignadaeant o theagender; shoulder sey. In he

th t. t
ot fry PRIET R aboref (B8 SEfiof MRRler ol spRARARINE blesu BhEGuEEA 0
torgue sRestionesf theeadomiidcent feethersgntenshbuldgesdah confipuration bfeddhecannedtion ed

enbodi nent, the initial partlal thread on the pin of both sets and the |ast
par#i al tmembes. oFhe RE-at#eeton.ef Bhreadim %CM§°%P“C‘}‘PWHGIF Jsciypicaby usedoiat our

(thg root. coMaBbh vith £ M5 Yokl & thfeal! SHEHBAoHesSondMg BorddEtion member.

6 However, a run-out section of thread on one connection member can be used in
7 combination with a full height lead-in thread on the corresponding connection member.
8 Figures 1 through 4 illustrate four different preferred embodiments of the
9 connection of the present invention. Each of the four preferred connections illustrated
10 in Figures 1-4, have certain common features which will now be described with respect
11 to embodiment one of Figure 1. Referring now to Figures 1A, 1B and 1C, the pipe joint
12 or threaded connection of the present invention, generally designated 100 in Figure 1A,
13 includes a pin member 102 formed on the end of tubular member 103 and a box member
14 106 formed on the end of another tubular member 107. Either one or both of the tubular
15 members 103, 107 define a longitudinal axis 14 (see Figures 8A or 9A) which is the
16 longitudinal centerline of the connection 100. The box member 106 has an internal
17 thread structure formed therein and is adapted to interengage a complementary external
18 thread structure formed on pin member 102, for mechanically connecting tubular
19 members 103 and 107 which form a part of a string of tubular pipe (not shown).
20 Connection 100 further includes a center shoulder seal 104 located at approximately the
21 longitudinal mid-point of connection 100. The external thread structure of the pin
22 member 102 extends from its pin nose or leading terminal end 105 to a location 109
23 adjacent first center shoulder configuration 119 and then continues on the other side 111
24 of first center shoulder configuration 119 to the end of the external threads at the trailing
25 terminal end 113 of connection 100. The complementary internal thread structure of the
26 box member 106 extends from the box leading terminal end 115 to a location 117
27 adjacent second center shoulder configuration 108 and then continues at the other side
28 121 of second center shoulder configuration 108 to the end of the internal threads at
29 trailing terminal end 123 of connection 100.
30 The center shoulder seal shown on connection 100 at 104, disposed between
31 matched sets of connection threaded sections, prevents fluids (liquids or gases) from
32 passing through (across the threads of) the connection. The preferred embodiments of
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| ongi t udi paggaxi s of the pipe), whereas the remai nder of threads exhibit a
tapered root contour. The |ongitudinal taper angle of the pin thread sets
are dissimlar to the box thread sets, there being a maxi mum separation of
the sets near the center of the connection. At the center, a seal is

proyj ded; hE"iEv éﬁ%h wlnrmu%&%%wxﬁooa id&ﬁed?%ﬁlﬁé sﬁamr%ﬁte%hédiﬁerté&ﬁaded
?100

sets are the angle of the pin load flank is negative W th respect
to the pi whlclhom@ hewthscmbedamd;)ml subseguentiyvh Baimeren, :Otlmescmtcbml defignst fuckads

hi bi t t | d fl t fl k.. Th t
shoud der 85 a@‘lﬁ\f/&eﬂ‘\%osgweéﬁ?ﬂli ofle 0Bl detry GoBie Bopll itk FRS R el apd
(negy the sthl?EP%ﬁf bﬁbf‘eﬁ xﬁfthé BhEEIS] caHiét- %ﬁld&f—séﬁ?&&ﬁxbhﬁr RERRICHYR

(near the center o oul der and about m dway between the two steps of
t hr efads) . of khe. préseneinvention.4, 822, 081 to T.L. Blose, issued April 18, 1989,

d b driveabl e t t d i ticul
descy i bes adr Lyeabl e Lue EEbCT. (ubiLar connects g ond o Bl frgsent
trapped t vesthd | RBEr 26AndBBbA NWHOS hﬁé"c‘éﬁie? sRBGIdEN Gedl A0S idVial AcKES Abiib ar

angles. Atw step thread design is illustrated,

8 shoulder made up from a first center shoulder conﬁguranon 119 on pin member 102 and

9 a second center shoulder configuration 108 on box member 106. The center-shoulder-
10 seal-stabilizing thread sections (run-out thread sections) on each connection member are
11 located on pin member 102 at 110 and on box member 106 at 114. With reference to
12 pin member 102, run-out thread section 110, adjacent shoulder seal configuration 119,
13 extends from positiori 109 adjacent seal configuration 119 to intersect full height tapered
14 thread section 126 which extends to pin 102 leading terminal end 105. With reference
15 to box member 106, run out thread section 114, adjacent shoulder seal configuration 108,
16 extends from position 117 adjacent seal configuration 108 to intersect full height tapered
17 thread section 128 which extends to box 106 leading terminal end 115. The
18 complementary thread section which interengages run-out thread section 110 on pin
19 member 102 is full height lead-in thread section 112 on box member 106. The
20 complementary thread section which interengages run-out thread section 114 on box

21 member 106 is full height lead-in thread section 116 on pin member 102. The full height
22 lead-in thread sections 112 and 116 on box member 106 and pin member 102,

23 respectively extend as full height thread sections 124 and 122, respectively,, providing
24 full height tapered threads to the end of these threaded sections at 123 and 113,
25 respectively. The taper on threaded sections extending from leading terminal ends 105
26 and 115 of pin 102 and box 106, respectively, is slightly greater than the taper on
27 threaded sections 112-124 and 116-122, which extend toward the trailing terminal ends
28 123 and 113 of box 106 and pin 102, respectively.

29 Upon assembly of connection 100, run-out thread section 110 of pin member 102
30 is interengaged with full height lead-in thread section 112 of box member 106 and full
31 height thread section 126 of pin member 102 is interengaged with the full height thread
32 section 124 of box member 106. Upon assembly of connection 100, run-out thread

24
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wherei n vaijgajpgbe width "trapped” threads are present on each step of
threads. The thread crests and roots are described as maki ng contact before
the thread flanks are touching. This Blose et al. invention is concerned
with the benefit of the thread stab flanks in assisti nght he fs?oul ders/elnd
faceg in b {1 ' | oAk | ) | fferent gl es
bet vben ety 4har R MemReEROE & hikfers i vith Altthelite ledd e S 136
shou2 der s ofipinnmembert 1@ amt fidkheight! theelid rigetidds I 28ReftboRt méipbert | P ihtdréfigdee K D.
Chelette et al., Lssued January 16, 1990, discloses a tubular connectlon

wi t 1B vent #ithdull hgight threag spehipn d 23 of ipimanamber i1824i sposed bet we](can Lwo ;

' ' . t S| . eal i ng
menthr  The. contoneuSP R edrp s ¥ el i reck@p BRusi 1o Reiaht ol e,
a stop_shtiseale sectioh WEEh ad dirbticerneEmihonRieAndnfigirators 1392l BRBSondihgSboRat ent

No. 4,917,409, issued April 17, 1990 to Doyle E. Reeves describes a
t hr aded E’&H\%&Ei&%ﬁ? es ¢ithigad relieh greaye Iaé&g%v%néwélraﬂﬂwmd setion HiZads

I NCrpase and second center-shoulder configuration 108. The thread relief groove facilitates
8 machining the full height lead-in threads 116, 122 on pin member 102 and 112, 124 on

9 box member 106, and enables complete complementary engagement of any corresponding

10 thread profile. Relief grooves 118, 120 also provide a depository for thread compound

11 and ensure that there is no hydraulic lockup of the thread.

12 Helical full height thread sections 112-124 and 116-122 are machined on a
13 constant taper relative to the longitudinal axis of connection 100. Helical full height
14 thread sections 126 and 128 are élso machined on a constant taper relative to longitudinal
15 axis 14 of connection 100. However, the taper of these latter thread sections is greater

16 than the taper of their corresponding member thread sections 112-124 and 116-122,

17 respectively, to provide reduced stress at the terminal ends of connection 100 upon
18 assembly. Thread sections 110 and 114 are run-out thread sections which are machined
19 having thread crest construction lines parallel to longitudinal axis 14 of connection 100
20 and having thread root construction lines machined on the constant taper with respect to
21 the longitudinal axis. However, individual crest surfaces and individual root surfaces
22 typically are machined parallel to the connection longitudinal axis. It is possible to leave
23 individual run-in truncated thread crests on a taper, but preferred to machine them to be
24 parallel to the connection longitudinal axis. '

.25 Upon assembly, the interengaged connection 100 exhibits complete complementary
26 engagement of run-out thread sections 110 and 114, each located on that side of ‘center-
27 shoulder seal 104 at which each connection member wall thickness is less, namely thin
28 wall sections 130, 132, respectively. In addition, a slight interference fit is ﬁrovided in
29 the threads to assure maximized interengagement of the threads. In an interference fit,
30 at corresponding engagement points on the pin and box members 102 and 106, the pin
31 member 102 is machined slightly larger than the box member 106. Interference fit
32 tapered threads are well established in the art. Complete complementary engagement of

B 111)




- 11 - inq-ve@hdh in one direction on the box and in the other direction on
t he pin. LI'he | nprovenent over the prior art appears to be in the ability of
the thread design to be used with pipe thread lubricants; to acconmodate
such lubricants, the thread is designed to elimnate the radial clearance

bet ween t I reRPledti : 2ot : I AL ting an
exp\gﬁsi bl {gg{hgﬁgg& upognéégﬁﬁgcfﬁnaswgﬁéﬁgktnhgﬁ@gﬁgﬂeﬁ rc g;ﬁ%ﬁ?éy Iq{sg%i tz’igor
past2- | i ksvailableahrehd flank dedrifghsurfaces, whilepsimdltaoasly prowidingrlimiationestithe i S
greatly mnimzed, if, not entirely reduce{;;iQa The vvedge-shslé)ed t hread can be

a dove- t astressss geagraterhabthe thig pyadlzsechons {3Q on g spembere 104 apd 133 embox
consg ructj el +02 0\ ' Sy [ s

T et orfreRoe 68, C1f abAER i th but BEELPSREOH AOMERSIoKIds' dh ey S
thread prigdx membess perntihmahitemaaceaf anakindyf @8nadipn Wibthiclaess irc tel Geasand
original clainms of Reeves %ECl osgs t hat. t he | oad_anpd stab flanks of the
thr &ad f u?@@ceéh@%i’é’é' ﬁxgplder , thereby providing a more efficient connection.

7 For purposes of illustration, embodiment one of the invention has been shown in
8 Figure 1 with a single hook thread profile having a negative load flank angle and a
9 negative stab flank angle; the crests and roots of individual, threads are parallel to the
10 connection longitudinal axis. Thread profiles other than a single hook can be used as
11 well, as hereinafter described.
12 For purposes of comparison with the prior art, embodiment one of the present
13 invention, in the structure of a +3 percent over pipe body diameter, formed-box slim line
14 connection, exhibits an efficiency (strength of connection (joint)/strength of pipe) of about

15 85%, compared with the best known +3 percent formed box connection in the industry,

16 which exhibits an efficiency of only about 75%. When the structure is a flush-joint
17 connection, embodiment one of the present invention provides an efficiency of about 75%
18 compared with the best known-in-the industry flush-joint connection efficiency of 65%.
19 Refefring now to Figure 2A, which illustrates embodiment two of the present
20 invention connection, tubular connection 200 is made up from pin member 202 machined
21 on the exterior end of tubular 203 and from box member 206 machined on the interior
22 end of tubular 207. The center shoulder seal 204 of tubular connection 200 is a locked
23 double shoulder configuration, formed from a first center shoulder configuration 219 on
24 pin member 202 and from second center shoulder configuration 208 on box member 206.
25 Figure 2B, which shows pin member 202, comprises run-out thread section 210
26 which extends from a location 209 adjacent first center shoulder configuration 219 on the

27 thin-walled portion 230 of pin member 202 to thread section 226 of full height tapered
28 thread which extends to leading end 205 of pin member 202. Pin member 202 also

29 comprises run-in thread section 216 which extends from a location 211 adjacent first
30 center shoulder configuration 219 on the thick-walled portion of pin member 202 to
R —
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substantlp-J-,I he sane time upon rotational neke-up of the threaded
connect i on" . 4, lines 43-48. A though only continuation applications
were filed during prosecution (no continuation-in-part applications which
woul d permt the introduction of new matter), the clains were anended in a

| i,m h d
Fanke. ar falfSepfbiF o1 2e AOPAER, rapdepa FREAT bichKienged Blfie alod 1ent BBncept
cl osed angheeideen02Ntly clainmed in Reeves is that it is de5| rable to

- increase the thread width at the widest portion in the range of
apprbxi mat el y Figwre Capdichshowsihoxanembrr 206, comprisesriupveus threatt section 214t he

t hi
dvaht agen st oion from ¢ Recibl AT sl S5l cBiiet Srolier BnfiefaRendl of
thrend w di‘eht}un-wa&d Baitivnt 239 of %ox %émbé‘3§06 o Yhrdad Bedibn 2265 4e duH Wefghil,
1990 describes a threaded pipe_ joint having inproved seal ring entrapnent

5.6 pat eldpeed thread sdhichpextengdsdo leading end 245 %ﬂ box member2Q6: pBexriemtes 206990,
d' scf 0S€S,13 LhRiphidss AMACHdaA seERP 228 WM cR egfeﬂdﬁ%e 1B&HASR A aéljzeaggr;[t one

ext er nal

8 second center shoulder configuration 208 on the thick-walled portion of box member 206

9 to thread section 224 of full height tapered thread which extends to trailing end 223 of
10 box member 206.
11 Upon assembly of connection 200, run-out thread section 210 of pin member 202
12 interengages run-in thread section 222 of box member 206 and full height threads 226 of
13 pin member 202 interengage full height threads 224 of box member 206. In addition,
14 run-out thread section 214 of box member 206 interengages run-in thread section 216 of
15 pin member 202 and full height thread section 228 of box member 206 interengages full
16 height thread section 212 of pin member 202.
17 Helical full height thread sections 212 and 226 on pin member 202 and full height
18 thread sections 224 and 228 on box member 206 are machined on a constant taper with
19 respect to the longitudinal axis of connection 200, but having the individual surfaces of
20 their roots and crests parallel to the longitudinal axis of connection 200. Run-out thread
21 section 210 on pin member 202 has its minor diameter (roots) machined on a continuation
22 of the constant taper of the minor diameter of adjacent full height thread section 226,
23 while its major diameter (crests) is machined parallel to the connection 200 longitudinal
24 axis. Run-in thread section 216 on pin member 202 has its minor diameter (roots)
25 machiﬁed parallel to the connection 200 longitudinal axis, while its major diameter
26 (crests) is machined as a continuation of the constant taper of the major diameter of
27 ~adjacent full height thread section 212. Corresponding run-out and run-in thread sections
28 of box member 206 are constructed in like manner, with the roots forming the major
29 diameter and the crests forming the minor diameter.
30 Although sequential thread crests and roots are machined as described above,
31 individual crest and root surfaces are typically machined parallel to the longitudinal axis
32 of the connection. The exception to this is run-in thread sections, wherein the individual

27
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t apered threade@nd a box menber with conplenentary internal threads. An end
part of the pin nenber beyond each thread has a conical seal surface and
the box nenber has a conical seal surface with the same taper as that of
the pin nenber, so that upon tightening of the joint a seal is creat ed

bet vieen DirBstagiaBes caf bEnﬁaétﬂﬁéﬂaﬁéj a SR G-I hetgc?n téFegb ajgr
Patent No. 5,029,906 to K D. Chelette et al. ssue ul

per tZai ns dxamateu@f adjacentcfullwlightghreadber cars bel machpwdvpamlﬂla tortﬁsaummu@mt for

. nmb C readed coupl i conprises pin and
cha)E(I Prgmt)glp @%Wh%?'ng Iid’é’faé'ﬁ%&ﬁes?h?’ég&eﬁég? Pﬁﬁgﬁbd%gﬁf Pgﬂneﬁtlﬁ;?g OP
I t H ﬁ;,g[g ou t1@yat n o]
\?\5 éfgiarlg?ﬁ%#saﬁiesdﬁie g3 sélg\%maéd\?gﬁt@ 1%(@f Shtgﬁ'?l ea lggltsé g’n@%\% %h can
be dsed tof fullrheight threadedr seqtiones 2% 7 bﬁpmr20@tgnﬂc228 ofabae 206 wreOgreater than the

6 tapers of corresponding full height thread sections 224 of box 206 and 212 of pin 202,
7 respectively.

8 Also, for purposes of illustration, embodiment two of the invention has been

9 shown in Figure 2 with a single hook thread profile having a negative load flank angle
10 and a zero degree stab flank angle; however, other thread profiles can be used as well
11 as hereinafter described.
12 In embodiment two, wherein a set of run-out, run-in thread sections is used
13 adjacent each side of the center-shoulder seal 204, there is minimal unused (nonengaged)
14 thread surface in the assembled thread sections. The connection 200 exhibits complete
15 complementary engagement of the corresponding run-out and run-in thread section pairs,
16 maldﬁg these tapered threads highly efficient and providing even greater stabilization of
17 the center-shoulder seal 204 than that provided in embodiment one shown in Figure 1.
18 For comparison purposes with the prior art, embodiment two of the present
19 invention shows approximately the same improvement in efficiency over the known prior
20 art as that exhibited by embodiment one shown in Figure 1.
21 Referring now to Figure 3A, which illustrates embodiment three of the present
22 invention connection, tubular connection 300 is made up from pinl member 302 machined
23 on the exterior end of tubular 303 and from box member 306 machined on the interior
24 end of tubular 307. The center shoulder seal 304 of tubular connection 300 is a locked
25 double shoulder configuration, formed from first center shoulder configuration 319 on
26 pin member 302 and from second center shoulder configuration 308 on box member 306.
27 Figure 3B, which shows pin member 302 comprises run-out thread section 310
28 which extends from a location 309 adjacent first center shoulder configuration 319 on the
29 thin-walled portion 330 of pin member 302 to thread section 326 of full height tapered
30 thread, which extends to run-in thread section 334 which extends to leading end 305 of
31 pin member 302. Pin member 302 also comprises run-in thread section 316 which
32 extends from a location 311 adjacent first center shoulder configuration 319 on the thick-
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whi ch, on;eRtgeing a material, will become anchored therein and resist
separation in all directions at right angles to the |ongitudinal axis of
the connection. Fig. 8 of the disclosure shows a single hook thread
profile. Fig. 10 shows a double hook thread profile. - U K Patent

Applj cati . A rshe v , ' uid
ti gh{ t hr 8@1&9‘]‘ 8%%?‘5)‘%& °“6%dszs%e y‘%i %’é@&‘ 132% #ﬁf{#@ﬁﬁé@?@ t@S";‘Land
pi n arembewnsicht &eddsroatinwut tireadisectivhad36 whichnextéraisto rradling 26d 318Mmsiad
triangul ar thread and becones a buttress thread; the thread on the box
menber i smesbeediZn a correspondi ng manner. A tubul ar connection according
to the preanbl g. | ls I.SGl ' - . . For
convbni ence anBiEUREdra ic eS8 WBR el 36 chmpfibesie ouf el feshbi a1d
beens adapivaithf extends ¢ronn a decation Bil Tigdjabent sexvnd ciehten siiduldérecopfigenration 308 @At i on.
The "pin nmenber"” of a cpnnecti?%ois underg&god to nean‘thgznale Bortion of

a 6 the thin-walled portion 332 of box member to thread section 328 of full height
7 tapered threads, which extends to run-in thread section 338 which extends to leading end
8 315 of box member 306. Box member 306 also comprises run-in thread section 322
9 which extends from a location 321 adjacent second center shoulder configuration 308 on

10 the thick-walled portion of box member 306 to thread section 324 of full height tapered
11 thread, which extends to run-out thread section 340 which extends to trailing end 323 of
12 box member 306.

13 Upon assembly of connection 300, run-out thread section 310 of pin member 302,
14 interengages run-in thread section 322 of box member 301, full height thread section 326
15 of pin member 302 interengagés full height thread section 324 of box member 306, and
16 run-in thread section 334 of pin member 302 interengages run-out thread section 340 of
17 box member 306. In addition, run-out thread section 314 of box member 306
18 interengages run-in thread section 316 of pin member 302, full height thread section 328
19 of box member 306 interengages full height thread section 312 of pin member 302, and
20 run-in thread section 338 of box member 306 interengages run-out thread section 336 of

21 pin member 302.

22 Helical full height thread sections 312 and 326 on pin member 302 and 324 and
23 328 on box member 306 are on a constant taper with respect to the longitudinal axis of
24 connection 300, but having the individual surfaces of their roots and crests parallel to the
25 longitudinal axis of connection 300. Run-out thread sections 310 and 336 on pin member
26 302 and run-out thread sections 314 and 340 on box member 306 have their roots
27 machined on a continuation of the constant taper of the adjacent full height thread
28 sections. Run-out thread sections 310 and 336 on pin member 302 and run-out thread
29 sections 314 and 340 on box member 306 have their crests machined parallel to the
30 longitudinal axis of connection 300. Run-in thread sections 316 and 334 on pin member
31 302 and run-in thread sections 322 and 338 on box member 306 have their roots
32 machined parallel to the longitudinal axis of connection 300, while their crests are
2 o -
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tubul ar npi¥Rgpowhi ch is threaded on its external surface to be interengaged
with threads on a box nmenber to provide a connection. The "box nenber” of
the connection is understood to nean the female portion of a tubular nmenber
which is threaded on its internal surface to be interengaged vvlt'h t hr eads
on pin r %R ReiBn G ct i ection having.a "two:step
thrgad" |§§§ﬁ§§r ts?'? o% %‘o mggﬁ %}ng‘gn%dé‘gﬁ“oﬁ@%g&qn‘f)’gﬁ%ﬁp?ﬁV%éﬂ@&f S5 PR s

wherZi n odiemeeter of diezladjacent Gull heighwthgiadasecdonsadi us from the |ongitudinal
axis of the pipe than the other threaded portion. A "center shoul der seal

i s vhder st ood E@bpdimeny these tof ghe éﬁveaﬁ@@ﬁh@‘c'tliiorFigil@pbs%UiblitstaN_deublatho?kast
two t hre p QN I ch t} exhidits directl,y contacti surf aces
bet véeen 1?%2&& ﬁkgirll% g%%rﬁght?z}feg, ihg%dbgm ng?hf?epﬁ?da?ﬁj "ffg ?Feﬂ‘“g’?l“?_ﬂ&ﬁd a
t hi I5d congesesed. such as an annul ar sealing sl eeve, so that the section

provjdes a seal for preventing the passage of fluid through (across the
t hr &ads of) thEhlaéeBﬁs

|SglcPt run-out and run-in threads (one set adjacent the center-shoulder

7 seal 304 and a second set at the terminal ends of connection 300) provides maximum joint
8 efficiency and maximum stability for center-shoulder seal 304 of the connection 300.
9 The double set of run-out and run-in threads also provides the smoothest load transfer
10 between pin and box members 302, 306, respectively, thereby not only increasing the
11 connection’s rated load capacity but also its overload capacity (i.e., safety factor).
12 For comparison purposes with the prior art, embodiment three of the present
13 invention, in the structure of a -+3.5 percent over pipe body diameter, formed box slim
14 line connection exhibits an efficiency (strength of connection (joint)/strength of pipe) of
15 about 95%. When the structure is a 3 percent formed box connection, the efficiency
16 decreases to about 90%. The best known-in-the-industry +3 percent formed box
17 connection provides only a 75% efficiency.
18 Regarding the above-described embodiment three of the present invention, in the
19 structure of a flush outside diameter connection, the efficiency provided is about 77%.
20 The best known-in-the-industry flush connection provides only a 65% efficiency.
21 Referring now to Figure 4A, which illustrates embodiment four of the present
22 invention connection, tubular connection 400 is made up from pin member 402 machined
23 on the exterior end of tubular 403 and from box member 406 machined on the interior
24 end of tubular 407. The center shoulder seal 404 of tubular connection 400 is a locked
-25 double shoulder configuration, formed from first center shoulder configuration 419 on
26 pin member 402 and from second center shoulder configuration 408 on box member 406.
27 Figure 4B, which shows pin member 402 comprises run-out thread section 410
28 which extends from a location 409 adjacent first center shoulder configuration 419 on the
29 thin-walled portion 430 of pin member 402 to thread section 426 of full height tapered
30 thread, which extends to run-in thread section 434 which extends to leading end 405 of
31 pin member 402. Pin member 402 also comprises run-in thread section 416 which
32 extends from a location 411 adjacent first center shoulder configuration 419 on the thick-
30
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- 13 - A aem-e09"shoul der seal configuration conprising "a | ocked double
shoul der™ configuration is understood to mean a center seal design having

i nterlocking elements. a portion of which are extended from each connecti on
menber. In a |lengthw se cross- sectional view.of the | ocked doubl e shoul der
conngct i omwallel tporidteof pis mefdet 40D t6 Wiredd Stdioh A 2! st l’riéi'&}& Rhgthe
connection, the | ocked doubl e shoul der configuration has The ppear anc’e of
a reder se Whid Rxtendsata mg-utithread deetion 436 whicheeSendshto waitingrentiad1306f pine

revegse S, V\%t}‘t xtends | engthwise in the general direction of the
conn ctloﬁnq Ogdl nal centerline, can be parallel to such centerline or

can e at an a'Fj%xﬁ'er RwHi&s BiRss Bk mBRAbEEHGS rc'oh@fxlses-rﬁﬁx . %&Eghﬁ4

connection | ongi udi nal centerline is pr ef er'abl ess t
degr@es. nHteh exterids fzam @ logation #d|adjagenttseeondesenter shoulderf cdnl(igurammﬁ 498 dal ock

S w gh re?kpeeﬁﬁn-%&llw%oﬁ?&nﬁgi o?rl)olxorrx%mtoum4ag Ito tﬁ 8rs|eé:tr1]oen I1358 o?sﬁlllt }nght

7 tapered threads, which extends to run-in thread section 438 which extends to leading end .
8 415 of box member 406. Box member 406 also comprises run-in thread section 422
9 which extends from a location 421 adjacent second center shoulder configuration 408 on
10 the thick-walled portion of box member 406 to thread section 424 of full height tapered
i1 thread, which extends to run-out thread section 440 which extends to trailing end 423 of
12 box member 406.
13 The principal difference between this fourth embodiment of the invention and the

14 third embodiment illustrated in Fig. 3 lies in the thread profile. The thread profile of this
15 fourth embodiment is a specialized self-centering thread profile wherein the stab flank of
16 all full-height threads is chamfered, as shown in Fig. 7 and described in detail
17 subsequently with reference to Fig. 7. Thus, each stab flank of full-height thread sections
18 412 and 426 of pin member 402 and each stab flank of full-height thread sections 424 and

19 428 of box member 406 iS chamfered. The chamfer width (axial distance) is preferably

20 about 0.005 inches or less and the chamfer height (perpendicular to the connection or
21 member longitudinal axis) is approximately equal to the step height (height of the stab
22 flank minus the height of the preceding thread load flank). Presence of this chamfer on
23 the stab flank of all full-height threads on both pin member 402 and box member 406
24 results in a self-centering action upon assembly of connection 400; in particular, the self-
25 centering action occurs during the initial telescoping (stabbing) of pin member 402 into
26 box member 406.

27 Upon initial assembly of connection 400, after initial telescoping, the stab flanks
28 of pin member 402 threads come to rest on the stab flanks of box member 406 with the
29 chamfered portion of the stab flanks providing the self-centering action described above.
30 Upon completion of assembly, to power tight position, run-out thread section 410 of pin
31 member 402, interengages run-in thread section 422 of box member 401, full height
32 thread section 426 of pin member 402 interengages full height thread section 424 of box
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about 25 degoems. A "thread root" is understood to nean the thread | ocation
at which the wall of the tubular nenber has been nachined away to its

maxi nrum dept h. The thread root defines the major dianmeter of a box thread
and the mnor dianmeter of a pin thread. A "thread crest” is understood to

near] the mbmbed406 caid am-int thedidckectibs 434! of sih mbmbérubOd diterBRERRS faSoupeen
machined to its m ni num depth (bleg sone cases, none of the wal - will have

bee? nachthrrad seotin 440 9%% 061 dntaddision) runrewt threadsectioneéi4 ebboxes

A it oupempEEie iprefkaftsDebdh f b0 IR B0, iy it iniend =
roolys macfifiGii42Z8ofbdxanémbay 406 inRedheaiestfall hbight Raidisectionad 12906 pin afenitee
t ubul ar nenber, but having its crests machi ned ﬁ rallel to the |ongitudinal

axi § of 42, ranguruarinnthressr sectiem A38) 0f bex anerahest interANgagse HUAToNY thieadies of
the 6’ EStﬁic@&F4%§€fa§in%exﬁﬁk‘? 4h§r %g)ow}} Lﬁtﬁ%@ﬂd Iigadt ﬁﬁrﬁédr rr% ?stioxl n

assenb connection on a
me rrbze r tygfl edl-heightotiresisoofieash thiemberusrei n shificent %ntabe t6 qirbeﬁiaowihﬂg

8 engagement, while the stab flanks of these threads exhibit a slight clearance (typically

9 about 0.002 inches).
10 Helical full height thread sections 412 and 426 on pin member 402 and 424 and
11 428 on box member 406 are machined on a constant taper with respect to the longitudinal
12 axis of connection 400, but having the individual surfaces of their roots and crests
13 parallel to the longitudinal axis of connection 400. Run-out thread sections 410 and 436
14 on pin member 402 and run-out thread sections 414 and 440 on box member 406 have
15 their sequential roots machined on a continuation of the constant taper of the adjacent full
16 height thread sections. Run-out thread sections 410 and 436 on pin member 402 and run-
17 out thread sections 414 and 440 on box member 406 have their sequential crests
18 machined parallel to the longitudinal axis of connection 400. The individual root and
19 crest surfaces of run-out thread sections are machined parallel to the connection
20 longitudinal axis. Run-in thread sections 416 and 434 on pin member 402 and run-in

21 thread sections 422 and 438 on box member 406 have their sequential roots machined

22 parallel to the longitudinal axis of connection 400, while their sequential crests are
23 machined on a continuation of the constant taper of the respective major or minor
24 diameter of the adjacent full height thread sections. Although the individual root surfaces
25 of these run-in thread sections are machined -parallel to the connection (connection
26 member) longitudinal axis, the individual crests can be machined either on a taper or
27 parallel to the connection longitudinal axis, as previously discussed with reference to run-
28 .in thread sections.

29 Embodiment four of the invention, shown in Figure 4 exhibits a thread profile
30 having a chamfered stab flank with a positive stab flank angle of less than about 2
31 degrees, with. reference to a line perpendicular to the preceding individual thread root
32 (and the connection longitudinal axis). The load flank angle is a negative angle of about

32
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box menbensggo@ N nenber, respectively. A "run-in thread" is understood to
mean a portion of thread having its roots machined parallel to the

| ongi tudi nal axis of the tubular nenber, but having its crests nmachi ned on
a taper with respect to the longitudinal axis of the tubular nmenber; from

an ipitial3 gQirds orl fes. cqmﬁé m‘ast g&%&gé?eﬁ hﬁgf Sf] ! fv gﬁgm{ qRt %tagfﬂé'lénbl od

t hreads diverge, uItlnate achi ’I'n"an” as
t ubuar cangleds zeno, degrees ramd rthe load ﬂad:k—anglmeadxagauwe mgile of abeut mde%ees menber
run- oyt read .qQn _t he correspandi ng box menber

'l th
of pin mbnhor . THESRBRERALRY e soniapton Thsabd A Tigire Ads ShBHAK B Smerssan
the gore ftl?art%rtﬂjc EonrieSisH Ibsfradn Bigurd'g, t hread when the pin is tel escoped

into the b
Figure 5A is an enlarged view of a center-shoulder seal 500 which is shown in

embodiment one of Figure 1. Assembled center shoulder seal 500 is a locked double
shoulder seal made up from first center shoulder configuration 510 on pin member 514

and from second center shoulder configuration 530 on box member 534. Thread relief

O 00 I O

groove 512 on pin member 514 and thread relief grooves 532 on box member 534 are
10 made necessary by the use of full height lead-in threads 526 on pin member 514 and full
11 height lead in threads 546 on box member 534, respectively. When full height lead-in

12 threads are not used, for example in embodiments two, three or four (as illustrated by
13 connections 200, 300 and 400), use of thread relief grooves is optional. The thread
14 profile shown in Figure SA is a preferred double hook of the kind shown in Figure 6D.
15 Figures 5B and SC show first center shoulder configuration 510 of pin member
16 514 and second center shoulder configuration 530 of box member 534, respectively.
17 Each connection member comprises a ramp, 516 on pin 514 and 536 on box 534.
18 Connection pin member 514 center shoulder configuration 510 comprises shoulder 520
19 having first undercut surface 528, first sealing surface 518 and fourth sealing surface 522.
20 Connection box member 534 center shoulder configuration 530 comprises shoulder 540

21 having second undercut surface 548, second sealing surface 542 and third sealing surface
22 538.

23 Upon assembly of center shoulder seal 500, first sealing surface 518 on shoulder
24 520 of pin configuration 510 is lined up by and guided into position on corresponding
25 first ramp 536 of box center shoulder configuration 530. Simultaneously, second sealing
26 surface 542 on shoulder 540 of box center shoulder configuration 530 is lined up by and
27 guided into position on cdrresponding second ramp 516 of pin center shoulder
28 .conﬁguration 510. As the assembly progresses, a metal-to-metal seal is created as first
29 sealing surface 518 on shoulder 520 moves into place against third sealing surface 538
30 on box center shoulder configuration 530. Simultaneously, a metal-to-metal seal is
31 created as second sealing surface 542 on shoulder 540 moves into place against fourth
32 sealing surface 522 on pin center shoulder configuration 510. As shoulders 520 and 540
a 33 This Sheet Has Been Replaced
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The "threia.d,SI flank” is understood to nean the trailing flank of a

t hread upon telescoping of the pin into the box. A thread "flank angle" is
understood to nean the angle fornmed between the thread flank and a |ine
constructed at the root of the thread flank, which Iine is perpendicular to

t he ] ongi tudi ngl s f ¢ i lar Eor '
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exanpl e, §24 of fie@RBME: sOUldEe CbRfiguratsss Heaid sapfate S44wh Seconl @ehteg slididder
connection nmenber with its | eading, threaded end toward the right hand side

and 3ts t cenfigunationh?¥hdhereby predyoing alzeyo clsarasae Orpetakiametd sutfees seal

towayd thg |eft ngd _si | L1 f a ' LN I on
of the pes?)tgr?ﬁ‘? 8{]{%& alqo%gm% §\1;vgl?rgiqtte%§§% ﬁb@gg‘t'f ﬁgl%{lalhgr ?%8(5 cl oc vq\%rsx{e?étglt-

di r est i onto-meel Fedlewill ngeotdudnif therg! ie substamtéal Wiamater ntharo 08005 in. pfcldakence
perpendicular line toward the thread flank is i négiq%%unter-,cl ockw se
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drawi ngs with I'ts 'ead he connettion
box grenbegurfsestoshouldert 589 tontacts first undercut surface 548 on box center shoulder
9 configuration 530, while the leading surface of shoulder 540 contacts second undercut
10 surface 528 on pin center shoulder configuration 510, thereby creating two additional
11 zero clearance sealing surfaces. '
12 Thus, a combined total of at least two (2) and possibly three (3) metal-to-metal
13 zero clearance seals are created during assembly (make-up) of the connection: two metal-
14 to-metal seals at the exterior beveled edges of the locked double shoulder seal 500 where
15 sealing surfaces 518 and 538 are in contact and where sealing surfaces 522 and 542 are
16 in contact; and, a metal to metal sealing surface at the interior of the locked double
17 shoulder seal 500, one at the wall surface where sealing surfaces 524 and 544 contact.
18 Zero clearance seals are obtained where the face surface of pin shoulder 520 contacts box
19 undercut surface 548, and where the face surface of box shoulder 540 contacts pin
20 undercut surface 528. Thus, center-shoulder seal 500 forms multiple metal-to-metal
21 seals, having mating metal-to-metal sealing surfaces which allow a build-up of stored
22 energy within the seal upon power tightening of the assembled connection, such that upon
23 the application of various loads on the pipe and also the connection, the seal will continue
24 to perform and maintain sealing engagement. Further, several zero clearance seals are
25 provided, which combined with the metal to metal seals further prevents leakage under
26 the various conditions of loading to which the connection may be subjected.
27 Typically a thread compound will be used on the surfaces of the threaded
28 connection and this thread compound will bridge any surface defects and clearances less

29 than about 0.005 inches, to provide an improved sealing capability. Such a thread
30 compound will assist the intended metal-to-metal, zero clearance seals described above
31 should surface defects or machining tolerances result in a clearance between metal
32 surfaces of less than about 0.005 inches. A thread compound can also provide a
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of the dr?Ms wth its |eading edge on the left hand side. Thus, the box
menber dr mﬁggpcan be reoriented to have its | eading edge on the right hand
side for purposes of viewing the direction of rotation of the line
constructed perpendicular to the connection Iongitudinal axi s at the root

of the thread f.l an As desctLi bed |ou e b flank of the.thread
O hon' Cofagulic 3P hette® REtacES 367 sxiibd e, SREransd after boverit
forward ashdiBs C@ﬂw&éxﬁﬂcﬁ@im%? é{aﬁupuelwmﬁdséaﬁgeém% revxde@rtrnasafandl ng
connéection menber portion” is understood to mean the portlon of

conngct i osurfares S29iofl pimAldand 687 of bbx SMmmllmlbtgwme&swﬂ’bpbpmaﬁﬁenbl y

conmbat | oAnd aaoEbax 334 SRR EEad PO RuRel PALUB S by EBRIR PR B pRYIes | e
portson ofetdyey’ Q@g dr%mwcum ttrBaddi kincd thelthrea@ @ﬁﬁsdes WHidh wa&z SAbit Aeapf the

pi n menber upon a 'y of the connecti on. "Conpl enent ary engagenent” is
undeé st oodo-mta&mntach@relqln@rfetrfga@emwhmbfca@ e beidgehusing thisad eowpatngt. ei n
bot h_corr espon% NG Ik men:ber elocarh reade 1 n secti

7 ption o oncand dimensions of the present invention locked

8 double shoulder center seal relative to the cross-sectional area of the connection follows.

9 It is desirable to balance the cross-sectional areas of the tubular walls which make up the
10 connection in the area of the locked double shoulder seal, thus providing a more efficient
11 connection. The formula which follows permits calculation of the preferred diameter of
12 a circle formed by the radial center of the locked double shoulder seal (radial center
13 relative to the longitudinal axis of the connection). This preferred diameter is essentially
14 equal to the connection outside diameter squared plus the connection inside diameter
15 squared minus the constant %, all divided by two, with the square root being taken of the
16 result. The constant X is equal to two times the squared height of interlocked shoulders

17 520 and 540. As shown on Figure S5A, the radial center of the locked double shoulder
18 seal is located at contacting surfaces 524 and 544 of shoulder 520 and shoulder 540,
19 respectively. The height of interlocked shoulders 520 and 540 is dimension 552. The
20 minimum height 552 of interlocked shoulders 520 and 540 is a function of the wall
21 thickness of the tubular (pipe) used to form the connection. Typically the radial height
22 552 of interlocked shoulders 520 and 540 is two to three times the longitudinal width,
23 dimension 554 on Figure SA, of shoulders 520 and 540. In addition, the heigh; 552 of
24 the cross section of interlocking shoulders 520 and 540 is typically 1/4 to 1/3 of the
-25 tubular member (pipe) wall thickness.

26 The connection of the present invention establishes a constant bearing force on the

27 various seals provided by the center-shoulder seal 500. Not only do the curving edges
28 of locked double shoulder seal 500 at 518, 538 and 522, 542 interferingly engage to form
29 a metal-to-metal seal, but upon power tightening of the connection, the facing surface of
30 shoulder 520 in contact with undercut surface 548 and the facing surface of q'shoulder 540
31 in contact with undercut surface 528 are loaded and the annular contact between surfaces

32 524 and 544 typically establishes a seal due to a bending reaction on the shoulders from
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- 15 - hayj ssentially equal thread section |length on each nenber, and

wherein the enfire height of thread on at |east one nenber per threaded

section is conpletely enconpassed wit hi n the t hread hei ght of the other

correspondi ng nenber threaded section. Iead in thread" is understood to

mean; a St gl dé&ﬁ‘lgSfp%dn%uﬂ skdi!5ng ek 4 53 %&H.} 52?%(9@0# eSS Ch
tu |na axi

are hachined on a taper tTo the |ongi e tub nmenber and

begi nni ngeffegtasfahe n‘tetaltdpend'mat powahtighteténg.seal confi gurati on. In an

assenbl ed tubul ar
3 A more preferred locked double shoulder configuration than that shown in FIGS.

4 5A-5C is described subsequently with reference to FIGS. 10A-10C.

5 Other center shoulder designs which are known in the art can also be stabilized

6 using the adjacent run-out, run-in thread section constructions described above.

7 Examples of other center seal designs which can be stabilized include, not by way of

8 limitation, square shoulders; hook shoulders (wherein the shoulder exhibits at least one

9 negative angle relative to the connection longitudinal axis); square shoulders with a
10 frustrum seal; annular shoulders (shoulder on a taper with the connection longitudinal
11 axis); shoulders comprising grooves or an annulus having an axial undercut which employ
12 a sealing sleeve, ring or annulus; and shoulders designed to extrude a portion of their
13 mass laterally into adjacent grooves upon assembly of the connection.
14 Figures 6A through 6D illustrate four preferred thread profiles for use in
15 combination with the other features of connections of the present invention.
16 For convenience and accuracy of description, the following geometric conventions
17 will be used in describing the angles of the load and stab flanks of the threads of the
18 present invention. The angle « represents the stab flank angle and the angle 8 represents
19 the load flank angle of the threads. These angles are defined in geometric terminology
20 with reference to a line constructed perpendicular to the longitudinal axis of the
21 connection (tubular) and at the root of the thread flank. A degree of a negative flank
22 angle is the rotation, in degrees, of the perpendicular line in the counterclockwise
23 direction to meet the thread flank. A degree of positive flank angle is the rotation in
24 degrees of the perpendicular line in the clockwise direction to meet the thread flank.
25 These conventions for defining stab and load flank angles do not necessarily comport with
26 the general conventions used in machining pipe threads.
27 Figure 6A illustrates corresponding pin 610 and box 630 cross-sectional profiles
28 for a portion of full height double hook thread 600A. The double hook thread exhibits
29 a negative load flank angle 8 and a positive stab flank angle a. The thread profile of full
30 height threads from a portion of pin member 610 is shown as it would appear within a
31 threaded tubular section of the present invention. Stab flank 612 forms a positive stab

32 flank angle o with respect to a line perpendicular to root wall 616, which is parallel to

nlllim‘iiiiﬂie"uﬁ'““

36




connect i @tggobead-in thread on a pin nenber or box nenber corresponds with
a run-out thread on the correspondi ng box nmenber or pin nenber,
respectively. In accordance with the present invention, there is provided a
tubul ar connection conprising: at |east two connection nenbers; each said

conpect i é‘@ﬁ‘g&{ | 1BR&iding 146354 1 7 g&% G0 d
hawpng s?gakb and ogz;gﬁTngjﬁks agfrfd éa;ﬁ:aen({apghgﬁgﬁ? er s}?g%ggegiﬁgtfgﬁkﬁﬁggﬁ d at
| ea®t twd with esspeat to e dine perpendiaildr teroot wall 1638 which isparaliélrtg theocdnmection
centre shoul,dg{?ﬂgeal configuration; characterised by: said at |east two

t hr daded lngiw AxPc| udi ng at | east one run-out thread section present on
each connecti @he thread profile of full height double hook threads from a portion of box
5 member 630 is shown as it would appear within a threaded tubular section of the present
6 invention. For example, in a manner similar to the pin thread, stab flank 632 forms a
7 positive angle o with respect to a line perpendicular to root wall 636, and load flank 634
8 forms a negative angle B with respect to a line perpendicular to root wall 636. To permit
9 interengagement of the double hook threads of pin member 610 with the double hook
10 threads of box member 630, it is necessary that the thread width be constantly increasing
11 from the leading edge (edge initially telescoped into the box member) of pin member 610,
12 and that the thread width be constantly decreasing (the root width be constantly
13 increasing) from the corresponding edge of box member 630, as shown in Figure 6A.
14 Thus, the thread profile crest widths 620 of pin member 610 are progressively
15 lengthened, while the thread root widths 622 are progressively narrowed, with the reverse
16 occurring on box member 630. One method of producing threads with such dimensions

17 is to machine the thread stab flanks with a slightly greater (longer) lead than the load
18 flanks. The amount of lead increase (al) required to permit the threads to mesh

19 (interengage) upon télescoping (stabbing) is a function of the thread taper (T) and the stab
20 and load flank angles (o and B, respectively), and can be calculated according to the
21 following formula:

22 AL =1/2T(tan || + tan [8] )

23 When there is more than one step of threads in the connection (for example, a two
24 step thread wherein one section of threads is followed by a center-shoulder seal, followed
25 by a second section of threads located at a greater axial distance from the longitudinal
26 axis of the connection), the thread width can be constantly increasing from the leading
27 ‘edge of the pin member all of the way to the end of the connection; or, alternatively and
28 preferably, the thread width is increased progressively within each step of threads,
29 beginning with the minimum width thread at the pin leading edge step of threads and the
30 minimum width thread beginning again at the forward edge of the second step of pin
31 threads.
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menber and _engagi ng threads on the other connection nenber; said at |east
one run-olA’8RPead section bei ng adj acent said centre shoul der seal
configuration; and said centre shoul ders being arranged to forma centre
shoul der seal configuration having a plurality of sealing surfaces. A
tubul ar connection conprising at | east two connection nmenbers and a center

shoul der seal Wbe prefermedidoubliepeek thiead, imterms mwmww@nﬁnﬁoimhMi on
th o

Conroct | ohPERHER ik T hls 4 oPBAE T0ad Ran pERIE) e AsPhitE Sud cf atieh vi ¢
the r esegkitiday ear@¥o sigh Vncthé anglepvingdes frRm NS deErees abiabbdt NP dderkesbu! ar

connecti on

4 Typically, the negative load flank angle does not exceed about 8 degrees and the positive
5 stab flank angle does not exceed about 4 degrees. However, in terms of ease of
6 machining and minimizing the lead adjustments, aL, the absolute sum of the positive stab
7 flank angle and negative load flank angle should range from slightly greater than 0
8 degrees to less than 5 degrees, with the negative load flank angle ranging from about 1
9 degree to about 4 degrees. When this reduced absolute sum of load and stab flank
10 angles is used, it is not necessary to use constantly increasing thread width to permit
11 interengagement of connection member threads. Preferably the load flank angle is a
12 larger (greater) absolute angle than the stab flank angle, since for thread profiles having
13 crests and roots which are parallel to the connection longitudinal axis, the load flank
14 length is less than the stab flank length, as can be observed in viewing load flank 614 and
15 stab flank 612. Also, when the connection is operating under the most severe service
16 conditions, the thread load flanks experience a greater applied force than the stab flanks.
17 Figure 6B illustrates corresponding pin 660 and box 670 cross-sectional profiles
18 of one embodiment of single hook thread, 600B. The thread profile of full height threads
19 from a portion of pin member 650 is shown as it would appear within the threaded
20 tubular section of the present invention. The distinguishing feature of this embodiment
21 of single hook thread is that its stab flank 652 exhibits a zero degree angle a with respect
22 to a line perpendicular to both the connection longitudinal axis and the thread root wall,
23 while its load flank 654 exhibits a negative angle 8 with respeét to a line perpendicular
24 to both the connection longitudinal axis and the thread root wall. For example,
25 referencing the thread profile of pin member 650, stab flank 652 forms a right angle with
26 reference to the connection longitudinal axis, or zero degree angle o with respect to a line
27 perpendicular to root wall 656, while load flank 654 forms negative angle 8 with respect
28 to a line perpendicular to root wall 658. In a corresponding manner, referencing the
29 thread profile of box member 670, stab flank 672 forms a zero degree angle o with a line
30 perpendicular to root wall 676, while load flank 674 forms a negative angle B with a line
31 perpendicular to root wall 676. | _— -
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- 15A- having at |east two connection nmenbers, .each with a centre shoul der,
t he nmet hd@7 cterised by the steps of: threading a run-out thread
section on one of the connection nmenbers | ocated between its centre

shoul der and leading termnal end with a thread section on the other
connection nmenber; threading a run-out thread section on the other

condecti on me nbher sxngloahoou theeadeaxhibiitssa negative sabdildnkeangien svhichariinges frommi nal

2 Ao oMbl s 05, P GEBRFS bR e SR "0
3 ranges from greater than O degrees to about 15 degrees. If the load flank angle is a large
4 negative angle, and the stab flank angle is less than the load flank angle, thereby
5 producing thread crests wider than adjacent thread roots, the use of a constantly
6 increasing thread width from the leading edge of the pin, as described above for a double
7 hook thread, may be necessary to permit proper interengagement of the pin and box
8 embers of the connection upon initial telescoping (stabbing).

9 A more preferred single hook thread profile, due to ease of machining, is the
10 profile wherein the negative load flank angle ranges from greater than 0 degrees to less
11 than 5 degrees and the negative stab flank angle ranges from zero degrees to about 2
12 degrees, with the absolute sum of the angles being less than 5 degrees. When these
13 reduced negative load flank and stab flank angles are used, it is not necessary to use

14 constantly increasing thread width to permit interengagement of connection member
15 threads. The necessary clearance is provided by making the thread crests narrower than
16 the thread roots.

17 " Figure 6C illustrates another thread profile embodiment 600C suitable for use in
18 the connection of the present invention. This thread profile is particularly suitable for
19 a connection having a center-shoulder seal (such as the locked double shoulder) in
20 combination with a single run-out thread and full height lead-in thread on the
21 corresponding member, on each side of the center-shoulder seal. The thread profile of
22 full height threads from a portion of the pin member 690 is another embodiment of a
23 single hook thread as it would appear within the threaded tubular section of the present
24 invention. This particular embodiment of a single hook thread features a load flank 694
25 of pin member 690 thread which exhibits a large negative angle 8 and a stab flank 692
26 which exhibits a large negative angle or. Generally, angle « is greater than angle B, and
27 consequently, dimensions can be formulated with flank to flank (load to stab) bearing
28 threads, having clearance between thread roots and crests, for example, with clearance
29 between root 696 of pin member 690 and crest 699 of box member 698. This is in
30 contrast with the double hook thread of Figure 6A and the single hook thread of 6B,
31 which are more suitable in a form wherein the thread roots and crests provide bearing
32 surfaces with clearances between corresponding stab and load flanks. Flank to flank
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the two connection nenbers, the seal having a plurality of sealing
surfaces. 4 {er shoul der seal design which provides nultiple

met al -t o-metal sealing surfaces is described. This seal design conprises a
| ocked doubl e shoul der configuration. Although the present invention can be
applied to connections conprising tubulars and couplings, the nost frequent

use pf th e 2 ection _conprising
t Wo gonnegﬁrﬂ’\é @eér%g of'the k@ﬁtshgw}lqﬁ ﬁlé)dr’{g]e(ﬁ ?%n&!l’rlg&gescrlgggﬁ G m_ LG m
bel ogv. Wimt}fee;hﬁr@n@a;ﬁoﬁ of thre@dd.ar connection conpri sing two connection
menbers, nanely a pin nenber and a box menber, the stabilization of the

cent®r shoul deTheangles of ghensiagle ook thrgadaprafideshowmin 6G typically are: such that

thr 8 d adkh%cﬁe%%n{'g load flank angle ranges from about 5 degrees to about 15 degrees and the

5 negative stab flank angle ranges from about 5 degrees to about 35 degrees, with the stab

6 flank angle being larger than the load flank angle by about 10 to 15 degrees.

7 Figure 6D illustrates cross sectional profiles of a preferred double hook thread

8 600D. The preferred double hook thread exhibits a positive stab flank angle « ranging

9 from nearly a zero degree angle to an angle of less than 2 degrees, and a load flank angle
10 8 which has been reduced to a small negative angle, ranging from nearly a zero degree
11 angle to an angle of less than 5 degrees, with the absolute sum of the flank angles being

12 less than 5 degrees. The thread profile of full height threads from a portion of pin

13 member 680 is shown as it would appear within a threaded tubular section of the present
14 invention. The distinguishing feature of the preferred double hook thread is that both its
15 positive angle stab flank 682 and its negative angle load flank 684 exhibit a nearly zero
16 degree angle with respect to a line perpendicular to the connection longitudinal axis and
17 the thread root wall. For example, stab flank 682 forms an angle o which ranges from
18 a right angle with reference to the connection longitudinal axis, up to a positive angle of

19 less than 2 degrees with a line perpendicular to root wall 686; and, load flank 684 forms

20 an angle 8 which ranges from a near right angle with reference to the connection
21 longitudinal axis, up to a negative angle of less than 5 degrees with a line perpendicular
22 to root wall 688. Corresponding box member 689 thread exhibits the same ranges of stab
23 flank angle and load flank angle ranges as those just described. It is not necessary to use
24 progréssively increasing thread width to permit connection member thread
25 interengagement (proper meshing after stabbing) when a preferred double hook thread

26 profile of the kind shown in Figure 6D is used. This thread profile is essentially a

27 modified square thread.

28 The most preferred thread profile for use in the present invention is one having
29 a negative load flank angle and a zero degree or positive stab flank angle with a
30 chamfered stab flank, which provides self-centering action upon initial telescoping of
31 connection members. Typically a single hook thread profile (to which this thread profile
32 is similar) requires a variable width thread to permit proper mterenvaoement of the
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t he center shoul der configuration of each connection nmenber. Typical[ly,
at | east opgglgag- out section of thread is | ocated adjacent t he
shoul der configuration on that portion of the connection nenber at
which the wall thickness is |ess. The run-out section of thread is

typically used in conbination with a run-in section of thread on the
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thread profile of pin mem compnses a load flank 754 having a negative angle, 3,

and a chamfered stab flank 702 having a zero degree angle, «; the chamfer 756 exhibits
a width, w, and a chamfer degree, 7, is a function of thread pitch and taper. The height
758 of chamfer 756 is approximately equal to or less than the height of stab flank 752
minus the height of the preceding load flank 754, or the "step height.” The thread profile
of box member 770 comprises a load flank 774 having a negative angle, 8, and a
chamfered stab flank 772 having a zero degree angle, «; the chamfer 776 exhibits a
width, w, and a chamfer degree, 5, with a chamfer height which is the same as the
chamfer height of pin member 750. Box member 770 chamfer width, degree, and height

are determined in the manner described for the corresponding pin member 750, with the

t he

he

chamfer degree being a function of thread width and taper and the resulting chamfer '

height being approximately equal to or less than the step height. An increased chamfer
height provides increased self-centering action and is preferred; however, a chamfer
height greater than the step height provides no advantage. A chamfer width, v, of less
than 0.005 inches is preferred.

In sizing the connection of the present invention, the location of the radial
centerline of the center-shoulder seal is determined with reference to the outside and
inside diameters of the pipe. The fade out point of the connection thread sections is
determined by the minimum required wall thickness at the terminal ends of the
connection. The length of a thread section is a function of the angle of taper of the
threads and the change in diameter of the thread. Since the thread sections on each side
of the center-shoulder seal should bear approximately one-half of the load on the
connection, the amount of engaged thread length may be calculated to ensure that the
threads do not shear off under load. Knowing these parameters, one skilled in the art can
then determine the thread taper.

Figure 8A illustrates an assembled tubular connection 800A of the present
invention. Connection 800A includes a set of run-out, run-in threads, set 802 and set
804, on each side of a center-shoulder seal 810, which is shown as a locked double
shoulder configuration. The thread profile shown is a double hook which is shown

enlarged on a portion of pin member 820 and box member 830 in Figure 8B. Double
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t oget her on the same connection nmenber, with the center shoul der -

confi gur atjxofgbfcat ed between the two sections of thread. The corresponding
connection nenber will also conprise the correspondi ng:sections of run-in
and run-out threads, respectively, so there is one set of run-in and
run-out threads adjacent the center shoul der seal. Even nore preferably, in
addi tji on t ' ' 0, - ; o1 f
ectilons Aok iR AR Lo T SR elen phe' A R Cad ik A e
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connecti on. a conhection nenber exhibits a e run-out t

adj agent tup. OTiee ssechf vafiableavidthntherads permialeacances hetwaen fanksnid aa assenblédki ght
| ead-i n thread adjacent to the.othey si of the.center | der
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menber) . awkéd b Yhredd RBMPolRY chftaingPPARCLIRBINAES it RBed DERE aSRAUMIFISE the

8 connection, an additional seal can be formed between thread flanks due to the bridging
9 action of the particles between flank clearances. Generally, such a seal can be formed
10 only if the flank clearances are less than about 0.005 inches.
i1 Figure 8B shows portions of pin member 820 and box member 830, respectively.
12 Stab flank 822 of pin member 820 exhibits a positive angle « of about 5 degrees, for
13 example, and load flank 824 exhibits a negative angle 8 of about 8 degrees, for example.

14 The variable width full height thread profile shown on the portion of pin member 820

15 exhibits increasing crest width 825 which corresponds with the variable decreasing width
16 thread on box member 830, which exhibits increasing root width 828.

17 When double hook threads having constant width crests and roots (not shown) are
18 used in the connection of the present invention, a greater flank clearance (above 0.005

19 inches, depending on the design) is required, making sealing at the thread flanks
20 uncertain. This creates a potential for fluid leakage across the threads. Consequently,

21 either the preferred double hook thread profile wherein the absolute sum of the flank
22 angles is less than 8 degrees or a conventional single hook thread profile must be used
23 to achieve thread sealing when the thread profile exhibits constant width crests and roots.
24 ' Figure 9 illustrates another embodiment of an assembled tubular connection 900A
25 of the present invention. Connection 900A includes a double set of run-out, run-in
26 threads, set 902 and set 904, adjacent center-shoulder seal 910 combined with a second
27  set of run-out, run-in threads, set 906 and set 908, adjacent the terminal ends of the
28 connection.  Preferably center-shoulder seal 910 is a locked double shoulder
29 configuration. Connection 900A is shown with a single hook thread profile, having a
30 chamfered stab flank. -

31 As shown in Figure 9B-9D the thread profile of a portion of pin member 950
32 includes a single hook thread having a stab flank 952 exhibiting a right angle with
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configuration and the full height thread. The rellef groove permts
pr oper |nﬂ%7rSeQQ3agerrent of the threads upon assembly of -the connecti on and
~facilitates machining of the full height lead-in thread. Wien a single set
of run-out, run-in threads is used, with the center shoul der seal |ocated
between them or when a double set of run-out, run- in threads is used, it
i s tpi caréference commeth@OA tongsadmubmau ¢dri £0 dggme\aﬂgle'l&lwmiu&ferﬂidéft@r red

centgr shoy] der seq esi is .a cked doubl oul seal which
o oV des. SiinemegrgichlaRdp edogsitucipl asinand than m;mﬂ§ 6 wpddarins butor
t he assenplgd g3 t ggh% ar ea
exhibits a revgg?se a’é@i)&sﬁ%}a‘% alﬁlg%l %;Mé% e ed al ﬁgé: n “dﬁ@ﬁyﬁs} al | y
t he 4assenbbmﬁcﬁmcloadimﬂiuﬁl&iss%aﬂdﬂhreaﬂanbt wail 8680ﬂ‘hemgm\&dol ad ﬁan]r:]sngwg ]to
thre in the_radial dijection ndi cu o the tubul ar
| ong? t ud a’t’f P‘S%?fgﬂ}’@dg the rapge irgmyabout ﬂ c{eg@eagz PH?Q‘P ’E‘?eé'n ﬁﬁék‘mWﬂ t he
connget | 0Bt bR et 990 ipKirfplemeftafy!e) P8 piife 6&:%30 is typically 1/4 to
1/ 3 of the pipe body wall thickness. e ce ter ar of the reverse "S",
whi ch ext ends Il‘lmgnmeefemdtdmb@ememabf ther presént rineéntioneiscaonnectionof00A
| ongg tudi Ei%l rlsxgtrxrle's §K:915 %frl]licl?xeutilizes a double set of run-out, run-in thread sections and

9 a locked double shoulder center seal, but having a variable width thread with a single

10 hook thread profile including a chamfered stab flank, as shown in Figures 9B-9D. This

11 embodiment provides the smoothest flow of forces between the pin member 950 and box
12 member 970; provides high tension efficiency; and, also provides excellent sealing
13 engagement for preventing fluid penetration into the threads and through (across the
14 threads of) the connection. The negative load flank of the single hook thread causes the
15 two thread zones on each side of the center-shoulder seal move as a unit, and the
16 chamfered stab flank provides self-centering action during initial telescoping of the pin
17 member 950 into the box member 970.
18 The run-out, run-in thread sections of the present invention fade in the thread load
19 gradually and then fade out the thread load gradually. Full height threads like those
20 typically used in the prior art cause the thread load to abruptly increase; thereby
21 transferring a large force abruptly, which in tumn caused undesirable bending moments
22 within the connection.
23 The tension efficiency of a connection depends upon the extent to which the pin
24 and box member are formed. Generally, the more forming, the greéter the efficiency
25 which can be achieved. Thus, greater efficiencies may be achieved in slim line
26 connections which may have up to a 3.5% greater outside diameter than that of the
27 tubular pipe than can be achieved in flush joint connections which have the same outside
28 diameter as the pipe.
29 The double set of run-in, run-out threads of connection 900A is preferred since
30 this provides maximum utilization of available pipe wall without the waste of space in the
31 form of clearances and gaps in the threads for which there is no complementary
32 engagement. Further, it is desirable not to have wasted space in the form of relief
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parallel to such centerline or can be at an angle with the centerline. The
angle wit R2I&%Q0O% - 17 - connection longitudinal centerline is preferably

| ess than about 45 degrees. nore preferably |ess than about 25 degrees. and
typically | ess than about 15 degrees. This seal design provides up to 3
metal on netal sealing surfaces and up to three (3) zero clearance, close
tol etance cmle's,ngltglmf aresthethinetal ceduction pl Higwevkrihehrelief grobves o ke flindon
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above adjacént to the center shoul der. Exanples signs
whi ch canibthestovenill efficiency of thteconnectidny way of | | mi tat | on, square

5 With the single hook thread profile, as shown in Figs. 9A-9D and recommended
6 for use in connection 900A, an interference between the major and minor thread
7 diameters, i.e. thread crests 964 of pin 950 and thread roots 984 of box 970, can be
8 developed on power tight make up. Furthermore, interference between adjacent load
9 flanks and minimal clearance between adjacent stab flanks can be provided on power tight

10 make up. Any interferences of the roots and crests of the threads causes a hoop stress
11 in the pin and box members 650 and 670, respectively. Consequently, upon power tight
12 make-up, if any interference is present, the thread metal tends to move due to Poisson’s
13 effect causing the load flanks to butt up and engage. The interference will vary
14 depending upon the pipe diameters and the grade of the pipe. ~ With reference to Figure
15 9A, preferably, the diametrical interference is maximized at thread sections 902 and 904
16 adjacent center-shoulder seal 910 and is gradually reduced to a minimum at thread

17 sections 906 and 908 at the terminal ends of connection 900A. This gradual reduction
18 in diametrical interference is designed to protect the thin walled member thread sections
19 such as 934 of pin member 950 at the terminal ends of the connection. The larger cross-
20 sectional areas adjacent the center-shoulder seal 900A are more rigid and therefore can
21 have greater diametrical interference and absorb greater hoop stress. The cross-sectional
22 areas of both pin member 950 small step and the box member 970 large step adjacent
23 each side of the center shoulder seal 910 are designed to be approximately equal. The
24 inner diametrical interference between the thread crests and roots is controlled to achieve
25 linear stresses in the greater cross-sectional area of the box and pin members as well as
26 achieve linear stresses at the thinner cross-sectional areas of the pin and box members
27 adjacent their terminal ends. A certain amount of diametrical interference is required to
28 achieve a tight interengaging fit of the threads. The general rule is that the interference
29 will vary between .001 and .002 inches per inch of diameter, with less interference at the
30 terminal ends of the connection than adjacent the center-shoulder seal.

31 The preferred center seal is one that is isolated to the loads placed on the pipe
32 string. In other words, center shoulder seal 910 of connection 900A should remain stable
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shoul der; hook shoul ders (wherein the shoulder exhibits at |east one™
negative B§r¥% el ative to the connection |ongitudinal axis; square .
shoul ders with a frustrum seal; annul ar shoul ders (shoul der on a taper with
the connection |ongitudinal axis); shoulders conprising grooves or an
annul us havi ng an axi al undercut which enploy a sealing sleeve, ring or
annul us; andiinsensitivectosvanying dorsld plased anrthel sosnegtion. i dﬂmdbcltddaioublammu?]der
lateyal ly_into adjac rooves. u ssemhly of t.he copnection. The
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dould e hoglbmiehtsead profile in which the absolute sumof the | oad and stab
flank angles (independent of the sign of the |load and stab tl ank angl es)
totadl s | ess thEigusbiRA ivan endanged yiew bf a center shouldee s¢al 1600 merigir Bshatvn in

L nventi ong e RHREAMof thd SvaSH HohN& ol 3S the %Pelfsent invention illustrated in Figure
9 4. Assembled center shoulder seal 1000 is a locked double shoulder seal made up from

10 first center shoulder configuration 1010 on pin member 1014 and from second center
11 shoulder configuration 1030 on box member 1034.

12 Figures 10B and 10C show first center shoulder configuration 1010 of pin member
13 1014 and second shoulder configuration of 1030 of box member 1034, respectively.
14 Each connection member comprises a ramp, 1016 on pin 1014 and 1036 on box 1034.
15 The center shoulder configuration 1010 of connection pin member 1014 comprises

16 shoulder 1020 having first undercut surface 1028, first metal-to-metal sealing surface
17 1018, second metal-to-metal sealing surface 1022 and third metal-to-metal sealing surface
18 1024. The center shoulder configuration 1030 of connection box member 1034 comprises
19 shoulder 1040 having second undercut surface 1048, fourth metal-to-metal sealing surface
20 1038, fifth metal-to-metal sealing surface 1042 and sixth metal-to-metal sealing surface
21 1044, '

22 Upon assembly of center shoulder seal 1000, first sealing surface 1018 on center
23 shoulder configuration 1010 of pin configuration 1014 is lined up and guided into position
24 on corresponding first ‘ramp 1036 of box center shoulder configuration 1030.
25 Simultaneously, fifth sealing surface 1042 on box member center shoulder configuration

26 1030 is lined up and guided into position on corresponding second ramp 1016 of pin

27 member center shoulder configuration 1010. As the assembly progresses, a metal-to-
28 metal seal is created at three locations: between first sealing surface 1018 of pin center
29 shoulder configuration 1010 and fourth sealing surface 1038 of pin center shoulder
30 configuration 1030; between second sealing surface 1022 of pin center shoulder

31 configuration 1010 and fifth sealing surface 1042 of box center shoulder configuration

o
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angl e does not exceed about 8 degrees and the positive stab flank angle _
does not exmsemdcabout 5 degrees. More preferably, the negative 1oad flank
angl e ranges from about zero degrees to |l ess than 5 degrees and the
positive stab flank angle ranges from about zero degrees to |less than 2
degrees, with the absolute sumof the angles being less than 5 degrees. bThte
singie ho -¥h8 aPeto/RB® tHi n laV/ ; fr abou
Ser o degr coa e et R Sealn g SO o2y S P S ROflaer ot Rtion ATC 0
degr2es t andsinthysealing senfadeclGid ofblnxt cedfer dbguldersconfigefationblO0t he negati ve

k i | h 8 .d h ti tab flank angle
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angle ranggfack 07 h@l@ar 1020 RnABEWARS fifsP uh®ISut lshARcAIRIS orfb HEBERBEE center

5 shoulder configuration 1030, while the leading surface of shoulder 1040 contacts second

6 undercut surface 1028 of pin member center shoulder configuration 1010, thereby

7 creating two additional zero clearance sealing surfaces.

8 Thus, a total of three metal-tc-metal seals and two zero clearance seals are created

9 during assembly (make up) of the connection.
10 Typically a thread compound will be used on the threaded surfaces of the
11 connection, as previously described, to bridge any surface defects and clearances less
12 than about 0.005 inches.
13 The preferred embodiments of the present invention, as described above and
14 shown in the Figures are not intended to limit the scope of the present invention, as
15 demonstrated by the claims which follow, since one skilled in the art can, with minimal
16 experimentation, extend the scope of the embodiments to match that of the claims.
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ku,lfe/the stab flank angle ranges from about zero degrees to a positive
ad;]gl e of 127890t han about 8 degrees. Most preferably, the negative |oad

ffl ank éngl e ranges from about zero degrees to |ess than about 8 degrees,
while the stab flank angle ranges from zero degree ‘a positive angle of
| ess than 5 degrees. The doubl e hook and single hc/%[ﬂw rofiles
desdri bed above are preferably used CLA I nation= W/&y wi dt h

t hread, wherein the thread on each nmenber changes progré€ssis K Waxial
width, with the thread width of the pin nenber progressively iIncteasing

fromthe | .or f.orward end toward the following or trailing end of
eac step%?g{sﬁ%lg{&g,lgand the thread width of the box nenber increasing in
t he opposite direction. The nake-up of the connection having single hook or
doubl e hook threads is greatly inproved by providing a chanfer on the stab
fladk of the threadApidRlar conmegtion tamprising, abldagte v mesbers,e whereimgach

addrt | on, MRG0 EREPAREA, ik Yol Hfedlel FEROIR, 1N 5, Ve Sl 2R

5 disposed between said at least two threaded sections, said connection also comprising:
6 at least one stabilizing thread section present on each connection member adjacent said
7 center seal configuration, said stabilizing thread section comprising a run-out thread.

2. The tubular connection of Claim 1, wherein said connection comprises two
tubular members, each member having said run-out thread located adjacent said center
shoulder seal configuration on that portion of the connection member at which the tubular
wall thickness is less.

W N

3. The tubular connection of Claim 1 or Claim 2, wherein the tubular member
corresponding with the member having said run-out thread section includes full-height
lead-in thread at its location corresponding with said run-out thread.

4, The tubular connection of Claim 3, wherein each connection member
2 includes a thread relief groove located between said center-shoulder seal and said full
height lead-in thread section.

5. The tubular connection of Claim 1 or Claim 2, wherein the tubular member
2 corresponding with the member having said run-out thread section includes a run-in

thread section at its Jocation corresponding with said run-out thread section.

1 6. T}\e tubular connection of Claim 1 or Claim 2, wherein each member’s at
least two threaded sections having a center seal configuration disposed between them are
comprised of a two step thread.

il



the nenbers at the tinme of tel escoping, reducing the O:jﬂlﬂ, any
particul ad2tMi"#t point and reduci ng danege to the co 1’/{ mﬁft
The axial distance of travel or width of the chanfer is  préfeta

0.005 inches or less, with the degree of the chanfer being a function of

the thread pitch and taper. The degree of chanfer is such that the radial
hei ght of the dhanf élEhe(tpbvlpéﬁgnwnan afoClatis Boeamenrising at deast oneliadditionsd; s)

and Phe. proBBLa T ARERS ditad sEeobhal sl iplor Abh P Brc AR RS O 1l g
of the preceding thread load flank is typically called the step height.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1A shows a schematic of a
| onglt udi nal cBoss- Jdet fubnlar conrsgtion ofnClatmbrhdeomprising at feast one rdtlisignal

conngction _of.. t he L nyvent i erel n [ises a
ockid dodBPHATRGER ST SHoR S °§%a°é|°9g%g§°%° DRk PR, o
section on the pin nmenber adjacent one side of the center shoul der seal and
a full height |ead-in X . .. -
1 9. The tubular connection of Claim 5, comprising at least one additional

2 stabilizing run-out thread section at an exterior edge of each connection member.

10. The tubular connection of Claim 1 or Claim 2 wherein said center-shoulder

2 seal comprises a locked double shoulder configuration.

11.  The tubular connection of Claim 3, wherein said center-shoulder seal

2 comprises a locked double shoulder configuration.
1 12.  The tubular connection of Claim 4, wherein said center-shoulder seal
2 comprises a locked double shoulder configuration.

13.  The tubular connection of Claim 5, wherein said center-shoulder seal

2 comprises a locked double shoulder configuration.
1 14.  The tubular connection of Claim 6, wherein said center-shoulder seal
2 comprises a locked double shoulder configuration.

15.  The tubular connection of Claim 7, wherein said center-shoulder seal

2 comprises a locked double shoulder configuration.

16.  The tubular connection of Claim 8, wherein said center-shoulder seal

2 comprises a locked double shoulder configuration.

— -
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- 19 - thread section on the pin nmenber adjacent the ot her 5| de of the

center shgrgder ®eal with corresponding thread confi g w
menber. Figure 1B shows a schematic of a | ongitudinal H"H VI ew
OT=

of the pin member shown in Figure IA Figure 1C shows a schémat'lcs
| ongi tudi nal cross-sectional view of the box nmenber shown in Figure 1A

Figure 2A showg7a sqhen@biler ebniection Wt CRINS, wheeHr SAatdeattlshyhigy Qéata
second enbodi nent of the assenbl ed connection of the present invention

wherZi n t temprises aclocked double shovbdes conBguwratietoubl e shoul der configurati on
formng the center-shoul der seal and a set of run-out and run-in thread
sections on each side of the center shoul der seal. Figure 2B shows a

scheatic of ajgongiTheditidr conAEioAVTCIARAL of CoimCL, Whéte the profile of said
2 threaded sections is double hook or single hook.

19.  The tubular connection of Claim 7, wherein the profile of said threaded
2 sections is a double hook or a single hook thread profile and wherein the stab flank of
full-height threads is chamfered. '

20.  The tubular connection of Claim 9, wherein the profile of said threaded
2 sections is a double hook or a single hook thread profile, and wherein the stab flank of
3 full-height threads is chamfered.

1 21. The tubular connection of Claim 15, wherein the profile of said threaded
sections is a double hook or a single hook thread profile, and wherein the stab flank of
full-height threads is chamfered.

22.  The tubular connection of Claim 17, wherein the profile of said threaded

2 sections is a double hook or a single hook thread profile, and wherein the stab flank of
full-height threads is chamfered.

23.  The tubular connection of Claim 1 or Claim 2, wherein the profile of said
2 ‘threaded sections is a double hook, and wherein the absolute sum of the positive stab

flank and negative load flank angle is less than 5 degrees.

24.  The tubular connection of Claim 9, wherein the profile of said threaded
sections is a double hook, and wherein the absolute sum of the positive stab flank and

negative load flank angle is less than 5 degrees.

jaced
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nmenber shown in Figure 2A. Figure 2C shows a SChEITB.tI Iong| t udi nal
cross-seclt«qg,gg»l wiew of the box nenber shown in Figur mgﬂumﬂﬂnmm WS a

schematic of a |longitudinal cross-sectional view of a
assenbl ed connection of the present invention, wherein the conrfectsi o
conprises a Iooked doubl e shoul der center-shoul der seal and a doubl e set of

run-out and rups ?ﬁ%ﬁgﬁ@l%ﬁﬁﬁ Hoén oWdI%nPW whtrethe $réile A SAid P@ends

cent er - shoul der sea e ot er set belng disposedat the term na
of tZhe pisectord isaxdoubidboak, aﬁdguh@.remlahs labsaluta ssohefithei postivesstabo figink anid nal

cross-sectional vie r shown in Fi.gure 3A. Figure 3C shows
a sehenaticgagye loa ficﬁ%ﬁ@e}a °r}él rtg’gg) gE8®FHnal view of the box menber shown
in Figure 3A

26.  The tubular connection of Claim 1 or Claim 2, wherein the profile of said
threaded sections is a single hook, wherein the negative load flank angle is less than 15

degrees, and wherein the stab flank angle ranges from zero degrees to a negative angle

N

of about 35 degrees.

27.  The tubular connection of Claim 9, wherein the profile of said threaded
sections is a single hook, wherein the negative load flank angle is less than 15 degrees,

and wherein the stab flank angle ranges from zero degrees to a negative angle of about

35 degrees.

AW N =

-28. The tubular connection of Claim 17, wherein the profile of said threaded
sections is a single hook, wherein the negative load flank angle is less than 15 degrees,

and wherein the stab flank angle ranges from zero degrees to a negative angle of about

SHOWN -

35 degrees.

29.  The tubular connection of Claim 27, wherein said negative load flank angle
is less than 4 degrees, wherein the absolute sum of said negative load flank angle and

said stab flank angle is less than 5 degrees, and wherein said stab flank of full-height

W N =

threads is chamfered.

30.  The tubular connection of Claim 28, wherein said negative load flastk angle
is less than 4 degrees, wherein the absolute sum of said negative load flank angle and
said stab flank angle is less than 5 degrees, and wherein said stab flank of full-height
thread is chamfered.

SN e

—

as Been Reﬁaced

\\\\\\\\\\\\\\\\\\\\\ |



- 20 - Figure 4A shows a schematic of a | ongitudinal 0ss-sectional Vview
of a fourtjasgpd @ost preferred enbodi nent of the ass’e% mmﬁy
wherein the connection conprises a | ocked doubl e shou ; ﬁ'#m[der
seal, a double set of run-out and run- in thread settions, and* he
preferred thread profile (a single hook vari abl e-w dt h thread havi ng
chanfiered stab ank: n

cross1 sectlonalﬁw ew’?%?tughﬁ%@nn%a: er s oé\m%??r@é%ﬁ?ém%}kgﬁ &n&#géhgﬁfd%om
a sclzemat i seabfs salected dramdhen gtouprmssmg:oﬁ o horked devble Shdulder) squaie sixilderhown
in Figure 4A. Figure 5A shows schematlc of an enl arg]ég view of the

| ongidt udi Hmf’kcﬁll%%deé'eéﬂp@'ﬁ ﬂf"“@}% WHB o3 fRustrumy seal p anpulak cshoulders, eshonlder der

Elegh?re ig &l)lnﬂﬁ{mrﬁ’eélloové?oxt 8¢ ahMSI0 Rivihg Gn A0S TRAGEuC ARG %ﬁ&ﬁlﬁ&ssﬂgwﬂe& tb

5 extrude a portion of their mass laterally into adjacent grooves upon assembly of the
6 connection.

1 32. A tubular connection comprising two tubular members, wherein each
2 connection member comprises threaded sections having a center shoulder seal
3 configuration disposed between two of said threaded sections, each tubular member also
4 comprising: a first run-out thread section adjacent said center shoulder seal configuration
5 and located at the more thin-walled portion of said tubular member which is adjacent said
6 center shoulder seal configuration; a second run-out thread section adjacent a terminal end
7 of each tubular member, and located at the more thin-walled terminal end of said tubular
8 member; and, corresponding run-in threaded sections on each tubular member, which
9 run-in threaded sections are located to correspond with run-out threaded sections on the
10 corresponding tubular member.

1 33.  The tubular connection of Claim 32, wherein said center shoulder seal
2 configuration comprises a locked double shoulder configuration.

1 34. A tubular connection comprising at least two members, each of which
2 comprises a locked double shoulder configuration,

35. A tube and coupling connection wherein at least two members of said

2 connection comprise a locked double shoulder configuration.

' '”‘ﬁﬁiiﬂ‘fiiifﬁﬂi“m i
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Fi gure 5B shows a schematic of a |ongitudinal cross; | ' f the
pi n menberi2o$-0FiQure 5A. Figure 5C shows a schemat gjmi m:] BE@M&
cross-sectional view of the box nmenber shown in Fi L Fln shows

a schematic of a longitudinal cross-sectional view of a portion of a
section of double hook thread profile of the present invention having a

negatli ve | oad fignk AmgdtkodelstsbiRAag hititulst canbdtnkviies cmphbddtit feRBrwd10Ws
a schematic of a |longitudinal cross-sectional view of a sinhgle hook thread

prof 2l e oftubylar members; With,each imambenianipgaat heaghtwe threasied sectiong aad diavingra
zer o3degr Cen E'sgglt o lugtio%t ai?pc];slegrg(étween sazl& “at least two threaded sections, said

4 miethod comprising:

5 utilizing a run-out thread section adjacent said center seal configuration on
6 each connection member, and locating said run-out thread section at the portion of said
7 member, adjacent said center seal where said member wall thickness is less.

37.  The method of Claim 36, including utilizing an additional run-out thread

2 section near a terminal end of each connection member.

38.  The method of Claim 36 or Claim 37, including utilizing a run-in thread
2 section on each corresponding member at the location corresponding with said run-out
3 thread section.

'~ 39. A thread for use in tubular connections, said thread comprising a
.chamfered stab flank as the stab flank for at least the individual thread members which

come into contact upon initial telescoping of a pin member into a box member of said

SN UV T G N

tubular connection.

40.- The thread of Claim 39, wherein the height of said chamfer is about equal
2 to the step height from the preceding load flank to said stab flank,

41.  The thread of Claim 39, wherein said load flank angle is a negative angle

2 of less than 15 degrees.

42.  The thread of Claim 41, wherein said stab flank angle ranges from a

2 negative angle of less than 8 degrees to a positive angle of less than 8 degrees.

43.  The thread of Claim 42, wherein said stab flank angle ranges from an

2 angle of zero degrees to a positive angle of less than 3 degrees.

This Sheet Has
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Fi gure 6C BC@@ schematic of a |ongitudinal cross-sectional

convent i off I ngl e hook thread profile of the pream" m mmMjUﬁw ng a
negative | oad flank angle and a negative stab flan D shows
a schematic of a longitudinal cross-sectional view of a preferred doubl e
hook thread profile_of the present jnventjon having a negative |ooad flank
anglle and a st flgﬁﬁ thread Sf\ﬁi?lﬁh“#’swg?’Fﬁh'chﬂ?% sRjute; supp 0 éﬁﬂr‘@&%ﬂlﬁ%lj’aﬂero

degrees. Vi ew
of afpr ef er re °S| %{gﬂﬁooﬂ t%? ?B Q‘? P%%Hﬁ%l?gislee%% ﬂfaﬁviﬁ on haV| ng a
negative | oad flank angle, a zero degree (right angle) stab flank and a
chanf er ed stab | an st thjs threa rofile would be a
varilabl e wi dt h43-hr eihc %gﬁ aﬂ’ﬁe‘&t‘mgﬁ’d‘ %aﬁ’éﬂ'!fé? Ig¢ssesadly a zero

progjesswg(;é(e iaxial width. Figure 8A shows a schematic of a |ongitudinal
cross-sectional View of the assenbled connection of Figure 2, but with the
thread having the doubl e hook thread profile shown in Figure 5A, and having

di ff er ent | eadfG 'n Il‘pe ttllr(e)g oP (rf?mg\tﬁ) (filaxm lﬁi or Claim 45, wherein said thread is a

2 variable width thread having progressively increasing thread width.

47.  The thread of Claim 46, wherein the height of said stab flank chamfer is
2 about equal to the step height from the preceding load flank to said stab flank.

1 48. A tubular connection member comprising at least two threaded sections and
2 having a center shoulder seal configuration disposed between said at least two threaded
3 sections, said connection member also comprising at least one stabilizing thread section
4 adjacent said center seal configuration, said stabilizing thread section comprising a run-
5 out thread.
1 49. The tubular connection member of Claim 48, wherein said member
2 includes a second run-out thread section at an exterior edge of said connection thread
3 sections.
1 50.  The tubular connection member of Claim 48 or Claim 49, wherein said
2 center-shoulder seal configuration comprises a locked double shoulder configuration.
1 51.  The tubular connection member of Claim 48 or Claim 49, wherein said
2 threaded sections include a thread profile having a negative load flank angle of less than
3 15 degrees and a stab flank having an angle ranging from a zero degree angle to a
4 positive angle of less than 10 degrees.

—
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t hereby producing a variable thread crest/root wi dth on each thread. Figure
8B shows F'€enhtic of a | ongi tudi nal cross-secti M 'mmm’mmortion of
t he doubl e hook threaded profile of the pin and b(m‘ mlu il n Fi gure
8A. Figure 9A shows a schematic of a |ongitudinagl cross-secti ohal™ vi ew of

the assenbl ed connection of Figure 3, but with t'he thread having the single
hook t hread pré#i | eTheitehular camnecsiom member of Glaim S lotwhereio ragi leastiithe(full

Cross- sec{ . ea.0of y -af the.singl ogk t.hre rofile of the
or0op- S Coh RNl BHC R e Vb ' g7 gl Ry M7 iRt o
scheymat i Ccdrineétionepin ah@mberVin®)/a ebnrcbtion BE¥ niertberate SHaPsferedsecti on of the
nore preferred enbodi nent of the | ocked doubl e shoul der center-shoul der

53.  The tubular connection member of Claim 52, wherein the height of said
2 chamfer is about equal to the step height between the preceding load flank and said
chamfered stab flank.

54. The tubular connection member of Claim 53, wherein said thread is a

2 variable width thread having progressively increasing width.

1 55. The tubular connection member of Claim 50, wherein said threaded
2 sections include a thread profile having a negative load flank angle of less than 15
3 degrees and a stab flank having an angle ranging from a zero degree angle to a positive
4 angle of less than 8 degrees. |

[

56.  The tubular connection member of Claim 55, wherein at least the full
2 height thread stab flanks which will come into contact upon initial telescoping of a

connection pin member into a connection box member are chamfered.
57.  The tubular connection member of Claim 56, wherein the height of said
chamfer is about equal to the step height between the preceding load flank and said

chamfered stab flank.

58.  The tubular connection member of Claim 57, wherein said thread is a

2 variable width thread having progressively increasing width.

This Sheet Has Been Reilaced
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seal as us?plml& §1e assenbl ed connection shown in FIG 4A. Figure 10B shows
a schematic ongi tudi nal cross-sectional view of the pin nmenber of

Fi gure 10A. F| gure 10C shows a schematic of a |ongitudinal cross-sectional
view of the box nmenber of Figure 10A DESCRI PTI ON OF THE PREFERRED

EIVBCD# MENTS The tubul ar conpe he. & ent ion is applicable
broadty for use in joining ‘ . 2t -Bike, but will be
described in terns of oil |ndustry tubular connectlons since this is one

of the highest value uses for the invention. In partlcul ar the invention is
rmst 2ypically i]‘heqtresmtfmuexhlqnqnerMmrtothumihx connectivnl lavinog BEBilized sent¥er e

i d d de di anet
d| m%?gﬁ;r%%ém mﬂgl Z(,S&Me \f/’glf?lg g nhtaglgerm @eﬁlgh;ﬂsq%ﬂgbﬂsltznﬁhgr
wo @ Hesut S E‘onBP& 2 aQventig as s

; Lo t nbﬁ f %C&g # Pft tgﬁt S|B§§ ?Qﬁuhﬂ pedt! alnkag%{gp?'hé’? cach

joint liner, typically having anet er,
ti e-back, cqrpliectmd membénr'ﬁ‘hdrmoumtmmnoﬁﬂhyeaﬂgs qpianyrmea in combination with

6 a run-in section of thread on the corresponding connection member.

7 Preferably, the center shoulder seal configuration of each connection member is

8 positioned between a run-out thread section and a run-in thread section. (The

9 corresponding connection member will comprise the coriesponding sections of run-in and
10 run-out threads, respectively, so there is an interengaging set of runm-in and run-out
11 threads). Even more preferably, in addition to the connection having one set of run-out
12 and run-in thread sections adjacent to the center-shoulder seal, the connection has a
13 second set of run-out and run-in threads adjacent to the exterior edges of the connection
14 (A double run-out, run-in stabilization of the center-shoulder seal). The double set of
15 run-out, run-in sections of thread provides the most stable connection.
16 The most preferred center-shoulder seal design is a "locked double shoulder”
17 design, wherein the cross section of the assembled center-shoulder area exhibits an
18 interlocking double shoulder configuration.
19 The most preferred fhread profile is a single hook thread profile wherein the load
20 flank angle is a negative angle and the stab flank angle is about zero degrees. The
21 preferred thread profile comprises chamfered stab flanks at least at locations which will
22 come into contact upon initial telescoping of a connection pin member into a connection
23 box member. The thread is typically a variable width thread having a progressively
24 increasing thread width throughout a continuous section of thread.

[
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of +3.5 % variation in outside dianetér/ The tubul ar connegtii sheetdkes B Replaced
present invention utilizes a cent'er seal (between at |east t %M“\
sections of connection) to prevent fluids (liquids or gases)

t hrough (across the threads of) the connection. The preferred enbodi nents
of the invention wll

cent er shoul der seal
However, other center

be described as having a | ocked doubl e shoul der
whi ch will
al

be descri bed i n detai

desi gns such as, foe~exanple,

subsequent|y.
squar e shoul der

be.used it e B er - shoul der ~SeE/Z0 Jubul ar oG 1 on b the.
pr esent invertié%? dance with the pr? =,¢ | nventi on, &} cenfer
shoul der seal| i d so that it can % vari ous %CGS pl aced
on the assembl ed | en tubul ars wi thout BVaifi egnt danmag o ang/ or
| eakage throygh t$&p (2 The stabilization (§f ovitted by 5\\
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- 23- usi ngvpasypudg conbi nati ons of thread sections adjacent t ’Sﬁg&@tﬁég

shoul der seal. In particular, stabilizdal t Ohs BebieRepp Oy €r shoul

achi eved using at | east one run-out sec adj acent to the

center shoul der seal configuration of e menber. The run-out
S

section of thread on one connection nenber i |y used in conbination
with a run-in section of thread on the correspondi ng connecti on nenber.
However, a run-out secidn.of thread on one conpegtion nenber can be used

i n conbinati oncwith hei ght |ead-in thread/gn4the correspondi ng
, ough 4 illl &t ur di f f eRemtR pr ef érred
0k

connecti on nmenper I>Fik
enbodi nents of} t hewncOnpé pn Of the present i / Nﬁ Each ofg\ghe f our
preferred connectionsi S rated in Figures / avg certain nmon
features whichf will nggbiR\gescribed wth reso E@bodi rrent&ne of
Figure 1. Referring i gures 1A, 1B and ’/"ﬁ hecpi pe j oi or

t hreaded conngct i‘_gn ohal |y design d 100 in

present i nventi on, €
Figure 1A LN ?/
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i ncl udes ¥R F/MRBer 102 forned on the end of tubukar nenber AGRaRY/dHP*

nmenber 106 formed on the end of anot hiis $hbpyl ¢, menber 107. Either one or
both of the tubular nenbers 103, 107 d t¢¢di nal axis 14 (see
Figures 8A or 9A) which is the longitu ne of the connection

100. The box nenber 106 has an interna ture forned therein and
I s adapted to interengage a conplenentary external thread structure forned

on pin nmenber 102, fot

pni cal |y connecti ng-tpshar nenbers 103 and 107
PV,
which forma pért of @ 3~&8 tubul ar piPey hovvn). Connecyjon IPO
further includes accet oul@er seal 104™ .f df at appr oxi mat s ygh
| ongi tudi nal m F/&dnnection 100.; The B4 e t hread st ¢t obe!l of
t he pin nenber ~Iyomits pin nose o diﬁbtewnaliéw 105 to
a location 109 center shoul der jegofr gq;r\atéon-lﬁg i t hen
continues on ti 111 of first |cent =/ uI der=zconfigu lon 1119
to the end of f hreads at theg trai term' nal end B of
connection 100 ntary interngl thriggdstructure of t box
menber 106 ext gnds dbr box | eadi ng tlermi V“ 115 to a | ogq}lion [117
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adj acent second center shoul der configuyat.i on 108 and then continues at the

other side 121 of second center shoul der configuration 108 to the end-of
the internal threads at trailing termnal end 123 of QQQ%&% Q0. The

1
center shoul der seal shown on connection 100 at 104, dﬁﬂﬂ& W‘mﬁd
s or
Mirhe

mat ched sets of connection threaded sections, prevents
gases) from passing through (across the threads of) th

preferred enbodi nents of -24- the invention will be described as having
a | ocked doubl e shouyr ent gr - shoul dellt: ,ieq/ ch will be deggcribed in
det ai | subsec'uen,LI y. 20t her cent e Sga) si gns such as}\‘f’%
exanpl e, square g‘r@u ook shoul der} squif € /gqoul der with fEls@m seal ,
and annul ar shoul det used in thej stab dd \Eent er <shoul {idr - seal ed
t ubul ar conndcti on ~ =
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of the present invention. Referring qgﬁjqito Figure 1, which ilTustrates

enbodi ment one of the present inventiod, tubul afs BéeoReplfdfi t he center
shoul der seal 104 is a | ocked doubl e shoul der nj irst center
shoul der configuration 119 on pin nenber 102 an er shoul der

configuration 108 on box nenber 106. The center-shoul der- seal -stabilizing
thread sections (run-out thread sectionsjjpn each connection nmenber_are

| ocated on pin menber 102 at 110 apd—en—box—rerber 106 at 114. Wth34
reference to pin nmenber 102, run-out thread S8&tion 110, adjacent sTouIder
seal configuratiop 5 f r om pas+ter—~309 ad] acert—ses

configura ZeiigRt (DNapexed Y hr dad sectNon\J26 ch
ext ends t;s Q.10 8. Wt A\reherence Y0 bQx wenbe
106, run o g ghoulder “sealN conrf i gur aN on\1039,
extends f Q §OT{fa3Gur axj o\ 108t O\j nter sact Xl |
hei ght tdp sx tlefd 985 06\ eadi N t € m'h\al
end 115 3G L4 i i NPeEendyages r - ob

thread seefigr ADZQ)QDD@\ r’t\sisz N
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menber 102 is full height |ead-in threéedd 'section 112 on box nenber 106. The
conpl ementary thread section which interengages run- oufrhis eci114
on box menber 106 is full height |ead-in thread sectlon

102. The full height lead-in thread sections 112 and 11 106
and pin nenber 102, respectively extend as full height thread sectlons 124
and 122, respectlvely prOV|d|no full height tapered threads to the end of
these threaded secti [ et ) S n threaded

sections extendi ng 102 and
box 106, respecti vel aded

6-122, whiggh ex

sections 112-124 ‘ ! Ohe Belr n na
ends 123 and 113 of 6 an in_102p.1 egtlk LUpoﬁ%@ssé B90bf
connection 100, run-out thr sectlon [nrﬁnenher 103 is |
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-26- section 114 of box menmber 106 is i‘ntérengaged with full height |ead-in
thread section 116 of pin nmenber 102 and full hei i Shedi HePsbeSROLEQNS 128 Of
box menber 106 interengage with full height thread pin
menber 102. Pin nenber 102 conprises a thread reli ﬁ wgﬂmgﬁ)etv\een
full height lead-in thread section 116 and first center-
configuration 119. Correspondi ng box nenber 106 conprises a thread relief
groove 120 between full lead-in thread section 112 and second
cent er-shoul der configuration 108. The thread relief groove facihitates
machining the full height lead-in threads 116, 122 on pin nenber’¥102 and
112, 124 on box nenber 106, and enabl es conpl et e conpl enent ar y—~engagenent

of any corresponding thread profile. Relief grooves 118, 12% al so provide a
depository for thr




and ensure that there is no hydraulic ?oékdp of the thread. Helical fuld ...
hei ght thread sections 112-124 and 116-122 are nachined on a gfg gat t aper
relative to the |ongitudinal axis of connection 100. Helical fuyl en Replaced
thread sections 126 and 128 are al so nachi ned on a constant tagﬁligm}iﬁ

to longitudinal axis 14 of connection 100.85§mever, t he tegper

| atter thread sections is greater than 80 péﬁZoEK} r/corresponding
menber thread-se iaons 112 .Dd11ﬁ-3?9[ngL. i —_—
reduced stress atf the\term -3\ EHE5—6 oRALERHHOA—E60 upon assenbly. Yhread
sections TG ATarlly eat—Seet-ons—whieh-are-naohi ned hayi ng

14 Ay ¥ % " Y 2R 7 %72% >
t hl’ ead Ccr eSt C, t --h.mbm:.\ .ak§§\‘g‘!gu:‘$4x=W \ 4 Of
connection 100 And haviAg—-head—Foeet—eoRsituct+oRr—rrres /Aachined on th

constant tapér/wi th respecr—to the tongrtudimatr—axis. Hogeyer,\ i\ndi vi dua

crest surfaced and iTdrvi duat—Toor—surtaces—typtcal |y arfe S#Hchl ned paral el

to the conngcfion longitudinal axis. It is possible to ffeaveé i fndivi dual }

run-in truncdted thread crests om a taper, but preferrgd tof machiine themi{o

be parallelf fo the connection |ongitudinal axis.




Upon assenbly, the interengaged connectionh 100 exhibits conpl et T
conpl enentary engagenent of run-out thread sections 110 an ﬂ aemﬁmmwk%d

| ocated on that side of center- shoul der seal 104 at which

menber wall thickness is less, nanely thin wall sections 1

respectively. In addition, a slight interference fit is prOV|ded |n

threads to assure maxim zed i nterengagenent of the threads. In an
interference fit. at correspondi ng engagenent poinhﬁ on.t he pin and box
menbers 102 and 106, the pin menber 102 is machine @l' tIy | arger than
the box menber 106. Interference fit tuozreéibhgggds ar & g7 stabl i shed
in the art. _Conplete conpl entd }rmmwm: 7 unom_“__
thread sectTon pro¥i deg—a—fore—errterent—contee e

t he avail able-th
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stresses generated at the thin wall sécfi‘dns 130 on pin_nenber 102 and 132
on box nenber 106. In addition, the run out thread sections at these - -
| ocations on the pin and box menber s permt nalntenancﬁmd%mﬁaﬁ I

aced
connection wall thickness in the areas, adjacent center ﬁ
t hereby providing a nore efficient connection. For purpLﬂ
illustration, enbodi nent one of the invention has been s o
with a single hook thread profile having a negative |oad flank angle and a
negative stab flank angle; the crests and roots of individual, threads are
parallel to the connection |ongitudinal axis. Thread profiles other than a
singl e hook can be used as well, as hereinafter described,_For purposes of
conparison with. the prior art, embodi ment one of the pres%%& invention, in
the structure of a +3 percent over pipe body dlaneter‘,ie(ned box sI|n1I|ne
connecti on, exhlblts an efficiency (strength of conneftion (joint)/strength
of pi pe) of floT 0 sonparetc it ke Rrown—i3—pereent fornmed box
‘connection infthe NAust r y\ WhN_ch\exM bi | N | y about 75%
When the strugiare 1S5 a W usk-jd{nt 0o
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connection, enbodi nent one of the presenf {nvention provides an efficiency
of about 75 % conpared with the best known-in-the industry flush-joint
connection efficiency of 65 % Referring now to Figure 2A, which

il lustrates enbodi nent two of the present invention connection, tubular
connection 200 is made up from pi n nenber Zggxyachined on the exterior end
of tubular 203 and from box nenber g interior end of _
tubul ar 207. The cente houl der seal 204 of tubul ar connection 200 i34

| ocked doubl @ d&r oonfi\gurxtion 0 om a first center shoullder

configurati¢ NN Renber R02\an Jul de
configurati §n\203\ on\boX nexber 20§. ¥i gy e B,

conpri ses ripn- oyt ecN oM\ 210038i ch\exten

adj acent fijist ce oulNderNcon i '

230 of pin pepber

a0 section
adj acent fiirst of shoulder £on
[ to
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- 27 +hread-sestion-212 of full height tapered hrqmj}LW@m
traililng SNEFRASERY SBERTAReNbefG202.] Figure 2C, wi ehpehe S
conpr i %Qeﬁcﬁﬁﬂ@ut paged edléh m@agedoﬁ*21 whi ch ext engs gf £0m, )I oc i &d;;
adj acedt “enhd cpaeér.tShowhglar. 5664 &guration 20 %}%nt,l;u n< ‘ . W
porti Bowind(s)o opiage e 1o 20884t O 1 | read section ﬁ%@ T h t ‘t Ap BM -----
t hr eafi@abatacext epdsd .95 18 3gkead LN 212120f box I n'gegro m?'*
al so ¢paPE 68s thre I'gn 222 Wwhi ch ext dsfroma ocation 22
adJ acenm ? REQEIP’IH ......................... . fl gurat | on 20 QR RIEQM| L)é&.‘}z ......
portion of box me éﬁﬂ@sﬁ N t tapered
t hread whi ch ext e:&gﬂﬁé O ¥AD gﬁ&@iﬁ&é;g] é%tﬂ?

BACKGROUND OF INVENTION 21 FEB 1997

1. Field of the Invention

~ The preseht invention relates to tubular connections of the kind commonly used
in the oil industry. In particular, the tubular connection of the present invention
comprises a stabilized center-shoulder seal, wherein stabilization is provided by
specialized thread constructions adjacent the center-shoulder seal. The invention aiso
pertains to a specialized center-shoulder seal design. Further, the invention pertains to
a thread profile which provides a self-centering function upon makeup of the tubular
connection. This thread profile can be used with the stabilized center-shoulder seal

connection as well as other connection designs known in the art.

2. Background Art
The present invexition is applicable broadly for use in joining pipes, couplings and
the like, and has particularly been developed for use in oil industry tubular connections,
since these connections experience more severe and demanding conditions than those
observed for other industries and applications. In particular, the trend in the oilfield is
to minimize pipe diameter and to conserve borehole diameter. The smaller the diameter
_ of the borehole for the well, the greater the conservation of energy and reduction of
drilling costs. However, in utilizing smaller diameter pipe, it is important that the
connections between adjacent tubular pipes be transparent in geometry and performance
characteristics, i.e. the geometry and performance characteristics of the connection be
substantially the same as that of the tubular pipe itself. Preferably, the pipe string should
behave as if the pipe connections were not there. The ideal connection would have the
same geometry as the pipe, such as the same inside and outside diameters, and would
have the same performance characteristics such as tension rating, compression rating,
internal and external pressure ratings, torsion resistance, and bending resistance, for

example. T




Upon assenbly of connection 200, run-out thread se
202 interengages run-in thread section 222 of box

thread section 228 of box nenber 206 interengages ~ !
section 212 of pin nenber 202. Helical Full height {thread sections 2 and

226 on pin nmenher 202 and full height thread, sect]j nd 228 on box
nmenber 206 ar ?W&We‘g—n Blfielf eonnecuens. papely %sgﬁmr"éss ngefennecuons,

her Toors and oy area RESHAR F°, iahbishsl The i Setdc ol Al 5" 200
Run-out t¢nnasctionds gemeraldyl (recamgias theotuside Aindiersofi the tubularr pige.aThe ettsideoot s)
e e 7 2Bl COISLAN o et OL e NG, Sl aTeL e of
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performance characteristic transparency, such has not besn possible. Often, the
performance characteristics of prior art pipe have been sacrificed to achieve greater
georrietric transparency.
Various standards have been set for evaluating the efficiency of a pipe connection.
One such efficiency is determined by the load capacity of the pipe and pipe connection
in the axial direction. This tension efficiency is calculated by comparing the fracture
strength of the connection with the fracture strength of the tubular pipe. Most prior art -
flush joint and slim line connections achieve an cr’ficiency in the range of 65% to 75 9;':,
respectively. This efficiency, of course, varies with the type of connection, the pipe
diameter and thickness, and the method of manufacture of the connection.
' Prior ant connections include the basic elements of threads, shoulders, and seals.
The following prior art patents describe various features which have been used to produce
flush and slim-line connections. '
U.S. Patent No. 671,274 to W.C. Fischer, issued April 2, 1901, shows a dovetail-
shaped thread design which can be applied to the outside of one tubular and the inside
of another tubular to be connected together. '
U.S. Patent No. 1,474,375 to ].J. Moore, issued September 20, 1923 shows what
_ applicant has described as single hook thread design. The thread is used to fasten the
forward end of the after-body of a torpedo to an air flask body.
U.S. Patent No. 1,927,656, issued September 19, 1933 to G.M. Eaton et al.,
describes a pipe joint for fastening together the consecutive pipe lengths of a pipe string
in a manner to obtain strength at the joint without increasing the wall thickness (or with
a minimum increase thereof) in the portion of the pipe in which the screw threads are cut.
One of the two pipes to be joined is machined on the outs%de surface of the pin and the
other is machined on the inside surface of the box so the two pipes can be screwed
together to provide what would today be called a slim line connection. The threaded

portion of each pipe is machined on a taper with the depth of the tums of the threads



machi ned parallel to the connection 200 |ongitudinal axis, mhile Its major
di aneter (crests) is machined as a continuation of'-the_cQn et of
the maj or dianeter of adjacent full height thread S‘CREFEACEWQNT SH ET
Correspondi ng run-out and run-in thread sections of {bg ; 3
constructed in |like manner, with the roots form ng tlhe
the crests formng the mnor dianeter. Al though sequen
and roots are machined as described abdve, individuaj
surfaces are typically machined parallel to the Iono tudlnal L he

connect i GFINSTIHE BEsAEshar HiF 958t 1R §h"r threaded noraen aad) dSHELIIRE SRMAEHA-3PE e
i ndi Vi dugfirections %&m}géﬁfﬂvsﬁoﬁﬂraft% Sndsdt ‘Rg%%&%a'ﬁ? ?ua contl nuat i on of-

t he constant t aper nmaj or amater 0 hei ght threads or
can be nmachi ndd. SoaPad:ﬂteNoI Gﬁéﬁm(l?onmed lmaz:ember 1, 1936 to G.M. Eaton et al.,

discloses a preferred form of pipe joint wherein the height of the threads in the threaded

and
ts

portion of the joint is at a maximum in the central area of the threaded portion of the
joint and decreases gradually in both direcdors to vanishing points, somewhat similar to
the joint described above. However, the thread design differs in that the vanishing of the
threads corresponds with the intersection of thread fabrication lines which are not only
based on a taper relative to the pipe longitudinal axis but also a line which is cylindrical
or parailel to the pipe longitudinal axis. Specifically, the root of the thread at the pipe
exterior edge position of the pin is located along a line parallel with the pipe longitudinal
axis while the crest of the thread at the same location is located along a line at a constant
taper with the pipe longitudinal axis. The root of the thread at a position more interior
from the edge of the pipe is located along a line at a constant taper with the pipe
longitudinal axis, while the crest of the thread at the same location is located on a line
of parallel taper to the root for a distance. Finally, at the most interior thread location
on the pin, the thread root cl.ontinues on a taper with the pipe longitudinal axis while the
crest of the thread is constructed along a line parallel with the pipe longitudinal axis.
Thus, at both the exterior and interior edges of the threaded connection, the thread
disappears where thread root and thread crest intersect. The thread construction of the
box is complimentary to that of the pin so the two threaded members can be
interengaged.

_' U.S. Patent No. 2,207,005 to R.D. Haas, issued July 9, 1940, pertains to a single
hook thread form (as defined herein) wherein the pin member load flank is undercut to
provide a cam action under pressure to draw the connection members together and
establish a sealing-off function. The thread form is constructed on a taper to the
longitudinal axis of the connection. '

U.S. Patent No. 2,488.566 to R.S. Sperry, issued November 22, 1949 described
a tapered thread structure having a lead on one flank of the helical thread which differs
from the lead on the other flank of the helical thread, to provide a constantly increasing
thread width from one end of the thread structure to the opposite end. This variable

width thread structure is said to enable easy disassembly of a rod or pin from a socket,



| ongi tudinal axis. Individual crest surfaces nmachi ned pajaRERBLAGEMENAeSHEET
connection longitudinal axis are preferred. As with connegti 1n
Figure 1, the tapers of full height threaded sections 226 {of} -pa
228 of box 206 are greater than the tapers of correspondi
t hread sections 224 of box 206 and 212 of pin 202, respecfi
purposes of illustration, enbodi nent two of the inventionjhas be
Figure 2 with a single hook thread prof4l<e having a negati

angl e and fd =N [ fihes
can be usgﬁ?n%ﬂ%ﬁ%gﬁﬂﬁfﬁ%é@\g léoglgebgcvﬁﬂb%g‘ﬁ%%e%dng%?ﬁ@gﬁéfﬁ s &E\Aﬁet?%i n.a
set of ruparetwhilelprovidiighd eedgsiks, snog ierfittetives) the anteadsachthsipdrs othet he-
center-shoul der seal 204, there is mninmal unused (nonengaged) .t hread
surface i #PUPHE iegethen) e d he rreisrred cambasimentrier B @Ethe oyarable width Jheead

conpl ete &9{3&5 g_%r% (o) @ﬂ r.u p-in
thread sec |onr@ggi%§?l¥r§gﬁ%%g t glgltla%daggb?e% %c{]n?%ig S F’gﬂlay&gﬁt# &%gglp {eg‘r’]d _
provi di ngroebeforgredat er stabilization of .

U.S. Patent No. 3,109,672, issued November 5, 1963 to William F. Franz

describes a threaded pipe joint comprising a pipe member having a cylindrical outer

en shown in

surface and a tapered buttress thread at the end thereof vanishing along the outer
cylindrical surface, providing a length of fully formed and a length of vanishing threads.
The complementary coupling member having thread machined on the internal surface
thereof exhibits a full height tapered thread throughout the entre length thereof. The
complementary threads on each member have following flanks in bearing relationship and
substantially normal to the fongitudinal axis of the joint and leading flanks in bearing
relationship, which leading flanks have a larger flank angle than the following flanks.
Crests and roots are truncated to provide flat crests and roots which are parallel to the
longitudinal axis of the joint. Crest ﬁncaﬁons of :fully formed threads exceed root
truncations to provide a predetermined amount of void between the crests and roots of
the complementary threads throughout the length of the joint when the pipe and coupling
are in hand tight engagement. After power make-up, the crests of the coupling threads
engage the roots of the vanishing pipe threads, but voids stll remain between crests and
roots of the fully formed threads, thus preventing the development of deleterious hoop
stresses at the end of the coupling during power make-up.
U.S. Patent No. 3,989,284, issued November 2, 1976 to Thomas L. Blose (see
' also Re. 30,647, issued June 16, 1981) describes a tubular connection (pipe joint)
designed to produce hoop tension in the pin member and hoop compression in the box
member, the connection exhibits threads having a dove-tail interfit. To achieve the dove-
tail interfit, the angles formed between the thread flanks and the root wall of the thread
are less than about 85°. In another described embodiment, the load flank of the thread
exhibits an angularity from the direction of the connection on axis of less than about 85°
while with the stab flank extends radially, in axial radial planes. The pin thread stab
flank is the thread flank which is on the leading edge as the pin is telescoped (stz'lbbed)
into the box. The load flank is the trailing flank of the thread. In all cases, the threads



the center-shoul der seal 204 than that provided in enbodi mrent one shown in
Figure 1. For conparison purposes with the prior art, ermodinent two of the

present invention shows approximately the sane inprovene tm'mmmegﬁ%
over the known prior art as that exhibited by enbodi nent or-e-snh-em-.Ln.__._.T

Figure 1. Referring now to Figure 3A, which illustrates ¢nfjodj nent threejof
the present invention connection, tubular connection 300{i 3 eFE@ Wbm
pi n menber 302 nachi ned on the exteriorSend of tubular 3¢3t{and from box

menber 306 machined on the interior end of tubular 307. The center shoul de

seal 304 of tubul ar connection 300 is a | ocked doubl e shéu-der—
conf i gur AT @RsIEnYY with clqagnces pugh Baththere isRoldoyertait inientiylL betvesm pRUddhoXpi n

menber 30 f | ' n.bhox nber
06, Fi quiaeie M RASRALEAY Sl BB SH F3RIT 46 BrodiRe 3b HisidRin TR on
310 whi chpigxhembler dndohosp bomptdssion 30 Ihe BoRCABMbéS [5h MadY 6p coleliger i e.
configuration 319 on the thin-walled portion 330 of pin nenber 302 to

thread sel@ico 239edging fniemmtpfitheads iptheanadenpRiiNt.whi ch extends to run-in
thread sectiong 334l e ftdra0 dcldled fAfl"I8E ﬁgosg%gte%t as having progressively

changing axial width along substantially the entire helical length thereof. Although the

preferred embodiment appears to have the threads constructed on a line parallel to the
pipe longitudinal axis, the possibility is disclosed of having the threads constructed on a
line having constant taper from the pipe longitudinal axis. Also described is the use of
an inner shouider seal between threaded sections of the connection. In one embodiment,
the inner shoulder seal is plac. 1 between two thread sections which fall on two different
lines, each parallel to the pipe longitudinal axis, creating a multipie-step thread with an
inner shoulder seal. The inner shoulder seal is shown and described as having a major
mating (sealing) surface which is parallel to the pipe longitudinal axis or a major mating
(sealing) surface which is at an axial taper.

U.S. Patent 4,009,893, issued March 1, 1977 to Schatton et al., discloses box and
pin members having two axially spaced thread sections being separated by a radial step
zone which includes, for one member, eg. the pin member, an annulus having an axial
undercut, a frusto-conical end face and a radially outward bulging peripheral surface,
which sealingly engages a slightly contoured surface of the box member in the step zoue,
while the end face of the annulus bears against a complementary, slightly contoured face
in the step zone of the box member. These stop faces supplement complementary thread

' stop faces respectively at the end of the pin member and box member. It is advised that
a flat annulus having good sliding properties, such as teflon, be interposed between the
pin member annulus end face and the complementary bearing face of the box member.
In one embodiment, there is a space between the pin member annulus end face and the
complementary bearing face of the box member, and a sealing sleeve is interposed to fill
this space and the undercut space of the pin member annulus.

U.S. Patent No. 4,076,436 to D.T. Slatoret al., issued February 28, 1979,
describes specially designed stress relief grooves for threaded end portions of tools and

for collars on reciprocating or rotating drill string mounted tools.



pin menber 302. Pin menber 302 al so conprises run-in tjhrRERYAGRMENTo SHERTS

whi ch extends froma |ocation 311 adjacent first centdr shouldér
configuration 319 on the thick- - 29 - walled portijorf o f n@g?er 02
to thread section 312 of full height tapered thread. ich ex end

run-out thread section 336 which extends to trailing gnd—3t3—ef—pt+r er

302. Figure 3C, which shows box nenber 306, conprises jrun-out thread
section 314 which extends froma | ocatiforr 317 adj acent second center

shoul der configuration 308 on the thin-walled porti-on 332 of box menber 306
to thread schl %nPGQ& No. fdi6i, 33@&. dgsued dwlgridd 19596@6310%%@@@ dergBbeso
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interengaged annular shoulders. One of the annular shoulders of the connection is located

axially between the first and second pair of threads. This shoulder is constructed so that
the pin member stab flank of the shoulder is at a negative angle to the pipe longitudinal
axis (preferably at about 5 degrees) to provide a semi-dovetail interfit of the shoulder on
makeup of the joint. The pin member threads in general exhibit a negative angle load
flank @refembly about 15 degrees) and a negative stab flank angle (typically about 30
degrees), to provide a semi-dovetail interfit with corresponding box threads; the pin
member stab flank is typically not engaged, there being about 0.020 inches clearance with
the corresponding box threads on normal make-up. ‘

U.S. Patent No. 4,224,607 to T .L. Blose, issued July 17, 1979, discloses a
cylindrical threaded connector having a small amount of taper to produce a controlled
radial interference to prevent inadvertent thread disengagement.

U.S. Patent No. 4,373,754 to C.A. Bollfrass, et al., issued February 15, 1983,
describes a threaded connector having multi-stepped, non-tapered thread sections. The
thread profile has at feast one "hooked" flank to provide improved tensile strength. The
wall thickness of the female or box member of the connector is controlled to improve
thread loading and to enable inwardly radial movement with the male or pin member to
prevent “pulling out" of the threads under axial tensile loading. The outer thread step
of the pin member may only partially engage the threads of the box member such that the
critical reduction of the tube wall thickness at the thread roots is 2 minimum.

U.S. Patent No. 4,384,737 to H.E. Reusser, issued May 24, 1983 discloses a
tubular connection including a coupling or integral socket into which pipe sections are
threaded. The outer surface of the pipe sections includes an unthreaded nose portion at
the outer end of the threaded portion. The nose portion terminates with an annular
surface and includes a plurality of convex surfaces of revolution extending
circumferentially of the nose portion, all of which surfaces are adapted to engage the
unthreaded portion of the coupling or socket to establish a fluid-tight seal. The present
invention does not utilize such a pin nose design. Another feature of the Reusser
invention (which is present in all claims which do not pertain specifically to the above-

described pin nose design) is that surface-to-surface thread contact exists between either



whi ch extends froma | ocation 321 adj acent secondgTEaMS L
configuration 308 on the thick-walled portion of’ | T 306 tq tthread
section 324 of full height tapered thread, which, gxt '
section 340 which extends to trailing end 323 of b _ 5 ..POR
assenbly of connection 300, run-out thread sectld | nenber'302,
I nt erengages run-in thread section 322 of box ne . 2

thread section 326 of pin nenber 302 rn?erengages et ght thread

th 4 of pin nenber
302 1 nt er Spator HmERTHEL poififns by B eSett P ssa%m 3 ggsSor fagfiF 1 an,
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section 316 of pin_ nmenber 302, full hei ght thre section 328 of box nmenber
306 int er’%‘ﬁ@‘é@’é‘g majen dlﬁ@ﬂjﬁﬂat paTeaRS. s'é'b@ pmsc@mvmnqm mgnbese thmmeﬁmd

run-in t ye r.3 ntere run-out t
section ggg:@ogéﬁiﬁ% sites u %F’IH%? ngfthﬁ é’ﬁ?c EATEFRANO é} ® and.
326 on plpﬁeﬂ&ﬁﬂhﬂénﬁ@?eﬁﬁﬁuﬁ%aamb-surface thread contact between the crests and roots

of successive threads for all full height threads and the majority (but not all) partal height

threads.

. U.S. Patent No. 4,398,756, issued August 16, 1983 to Duret et al., describes a
cylindro-conical pipe joint wherein appfoximately 15% to 25% of the joint is threaded
upon a continuous construction line which is at a taper to the longitudinal axis of the
pipe, with the remaining approximately 75% to 85% of the threaded portion of the joint
being threaded upon a continuous construction line parallel to the longitudinal axis of the
pipe. The position of the threading which is on a taper to the pipe longitudinal axis is
that which forms the entry to the connection when the pin and box are initdally being
telescoped together. Thus, clearance is provided by the taper of the box entry to permit

. ease in initial telescoping of the pin into the box, pﬁor to actual engagement of the
threads. Another feature of the Duret et al. invention is that the female (box) mémber
has an intemnal shoulder égainst which the end face of the male (pin) member seals. The
connection of the present invention relies on other sealing surfaces within the central
structure of the connection, permitting the end face of the pin member to extend openly
at the edge of the connection.

U.S. Patent No. 4,570,982 to T. L. Blose, issued February 18, 1986, describes
a tubylar connection including pin and box members having a two step thread profile with
the leading thread step of the pin member being a smaller diameter than the second thread
step. The thread profile of the members has a negative angle load flank and the thread
steps are axially separated from one another by a reverse angle torque shoulder t;aving'
one or two adjacent conical surfaces. The negative load flank angle of the threads and
the reverse shoulder angle combine to lock the members together and prevent differential
radial separation of the engaged conical sealing surfaces. ,

U.S. Patent No. 4,591,195 issued May 27, 1986 to Chelette et al. discloses a
center shoulder seal located between two threaded portions of a pipe joint, wherein the

threaded portions are stepped threads constructed on a line parallel to the longitudinal axis



328 on box nmenber 306 are on a constant taper with rq&pgmmmﬁ BHELt

| ongi tudi nal axis of connection 300, but having the d+-vt-duat—surfiages of
their roots and crests parallel to the |ongitudinal a 2dPF§ﬁP§@?Cti n 300.
Run-out thread sections 310 and 336 on pin nmenber 3P2{ a

sections 314 and 340 on box menber 306 have their rpo -
continuation of the constant taper of the adjacent full height threa
sections. Run-out thread sections 310 ahd- 336 on pi
t hread sections 314 and 340 on box nenber 306 have their crests nmachi ned

Ilel tq the | t udi nal f t 3oo in t d sect
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or rubber material to provide a seal capable of rctammg hot gases or liquids.
U.S. Patent No. 4,603, 889 to J.W. Welsh, issued August 8, 1986, discloses a
threaded fastener having an axis adapted to thread connect to two bodies. The fastener
is threaded on the inside and the two bodies are threaded on the outside. The threading

has first and second load flanks which face axially oppositely. The first flank defines a

second pitch, said pitches being different and characterized in that when the fastener is
screwed onto body threads the first flank tightens against one body thread when the
second flank tightens against the other body thread.

U.S. Patent No. 4,671,544, issued June 9, 1987 to Donald J. Ortloff discloses a
threaded pipe connection having two portions of tapered threads with tapered sealing
surfaces located between the threaded portions. The tapered sealing surfaces engage a
resilient seal member located in a groove about midway between the ends of one of the
seal member surfaces; when the joint is made up, the sealing surfaces form independent
metal-to-metal seals on both sides of the resilient seal member. In a .preferred
embodiment, the threaded portions are in the form of two steps, one on each side of the
center sealing surface described above; the threads are wedge-shaped threads that increase
in width progressively in one direction within each step of threads.

U.S. Patent No. 4,676,529, issued June 30, 1987 to Patrick E. McDonald
describes a pipe joint wherein the pin and box members have two stepped portions of
threads, each constructed on a line parallel with the longitudinal axis of the pipe, and
having metal-to-metal sealing surfaces located between the threaded portions. The sealing
surfaces provide three éngaging shoulders between the pin and box; the two sets of outer
shoulders have space between them at the time the set of inner shoulders is in contact.
Between the set of inner shoulders and each set of outer shoulders, there is a groove; in
one location the groove is in the box portion of the connection and in the other location
the groove s in the pin portion of the connection. When the connection make-up torque
is beyond the yield point of the metal of the set of inner shoulders, the metal extrudes
into the grooves in the box and pin members to form interlocking surfaces which hold -

the box and pin from relative rotation.
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Additionally, the connection has a primary resilient corrosion resistant external pressure
seal, and a reverse shoulder engagement between the end of the pin member and a
shoulder on the box member to hold the primary metal sealing surfaces in sealing
engagement.

U.S. Patent No. 4,703,954, issued November 3, 1987 to Ortloff et al. describes
a threaded pipe connection comprising a box having tapered internal threads and a pin

having tapered external threads, wherein the threads are dovetail shaped in cross section -

(wedge shaped thread) and increase in width in one direction on the box and in the other
direction on the pin. This design is improved over that described in U.S. Patent No.
3,989,284 (Re. 30,647) in that high stress concentrations are avoided in the box between
the first thread and the end of the box by making the length of the box between the first
thread and the end of the box equal to or greater than 5% of the pipe diameter and by
providing clearance between the crest of the first full thread on the box and the root of
the last thread on the pin and between the crest of the last full thread on the pin and the
root of the first full thread on the box. |

U.S. Patent No. 4,703,959 to E.E. Reeves et al., issued November 3, 1987
discloses a threaded pipe connection with compressible seal ring. The connection
comprises 2 pin member threaded on the outside and a box member threaded on the
inside. The members have threading which is tapered, with generally dovetail-shaped
threads that increase in width in one direction on the pin and in the opposite direction on
the box so that the pin and box threads engage to form thread seals between the flanks
of the threads and between the roots and crests of the threads. The improvement is said
to comprise an annular groove intermediate the ends of the threads on one of the box and
pin to form a cavity between the groove and the threads on the other of the box and pin
and a ring-shaped seal member of compressible material located in the annular groove.

U.S. Patent No. 4,753,460, issued June 28, 1988 to Lawrence Y. Tung, discloses

.a tubular connection having a small diameter thread set and a large diameter thread set,
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configuration 419 on the . . .
longitudinal axis of the pipe), whereas the remainder of threads exhibit a tapered root

contour. The longitudinal taper angle of the pin thread sets are dissimilar to the box
thread sets, there being a maximum separation of the sets near the center of the
connection. At the center, a seal is provided; the last threads adjacent to the center
shoulder on the threaded sets are hooked (the angle of the pin load flank is negative with
respect to the pipe longitudinal axis). In all embodiments described, the threads exhibit
a negative load flank and a positive stab flank. The center shoulder area of the pin
exhibits two flanks, one of which is positive (near the small diameter step of threads) and
one of which is negative (near the center of the shoulder and about midway between the
two steps of threads).

U.S. Patent No. 4,822,081 to T.L. Blose, issued April 18, 1989, describes a
driveable two-member tubular connection, and in particular a thread form for the
connection. The thread form utilizes converging, trapped thread flanks and mating
shoulders and end faces with dissimilar angles. A two step thread design is illustrated,
wherein variable width "trapped” threads are present on each step of threads. The thread
crests ‘and roots are described as making contact before the thread flanks are touching.
This Blose et al. invention is concemned with the benefit of the thread stab flanks in
assisting the shoulders/end faces in resisting axial compressive loading and with the
different angles between mating shoulders and end faces to reduce deformation of the
shoulders upon axial compressive loading.

U.S. Patent No. 4,893,844 to K.D. Chelette et al., issued January 16, 1990,
discloses a tubular connection with ventable seal. A deforming seal member is disposed
between two surfaces such that a space is provided to at least one side of the sealing
member. The connection comprises box and pin members having hooked threads, a stop
shoulder between the two members and various seal means.

U.S. Patent No. 4,917,409, issued April 17, 1990 to Doyle E. Reeves describes
a threaded connection employing a tapered, wedge shaped thread. The threads increase
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eliminate the radial clearance between the thread roots and crests so that the possibility
of creating an expansible chamber upon connection make-up that can entrap the liquid or
paste-like thread lubricant therein, to produce a false torque reading is greatly minimized,
if not entirely reduced. The wedge-shaped thread can be a dove-tail or semi-dovetail
thread profile. A variable width thread construction (wherein thread width increases
progressively in a given direction) is used in combination with the dovetail or semi-
dovetail thread profile (as in the Blose patent 3,989,284). The specification and original
claims of Reeves discloses that the load and stab flanks of the thread fully engage "at
substantially the same time upon rotational make-up of the threaded connection" Col. 4,
lines 43-48. Although only continuation appi.cations were filed during prosecution (no
continuation-in-part applications which would permit the introduction of new matter), the
claims were amended in a subsequent continuation applicat  to contain the limitation
that the thread flanks did not fully engage at substantially th. :me time.

| Another concep: " :losed and dependently claimed in Reeves is that it is desirable
to increase the thread wic... at the widest portion in the range of approximately four times
the thread width at the narrowest portion at the same thread location. There is no
discussion as to why this provides an advantage over prior art (which is said to show less
of an increase in thread width).

U.S. Patent No. 4, 944, 538 to S.R. Read, issued July 31, 1990, describes a
threaded pipe joint having improved seal ring entrapment.

U.S. Patent No. 4,958,862 to C. Capelli et al., issued September 25, 1990,
discloses a tubular connection comprising a pin member having at least one external
tapered thread and a box member with complementary internal threads. An end part of
the pin member beyond each thread has a conical seal surface and the box member has
a conical seal surface with the same taper as that of the pin member, so that upon
tightening of the joint a seal is created between pin and box at the forward end region of
the pin member.

U. S. Patent No. 5,029,906 to K.D. Chelette et al., issued July 9, 1991, pertains

to a deformable sealing member used to provide a pressure vent for mating tubular
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8 of, the disclosure shows a single hook thread profile. Fig. 10 shows a double hook
thread profile.

U.K. Patent Application of K. Maruyama, published November 4, 1981, describes
a fluid tight thread joint for oil or gas well pipes. The joint comprises box and pin
members; the thread on the pin starts from the pin end as a rounded triangular thread and
becomes a buttress thread; the thread on the box member is formed in a c'orresponding
manner.

DEFINITION

For convenience and accuracy of description, the following definitions have been
adapted for use in describing the connection of the present invention.

The "pin member” of a connection is understood to mean the male portion of a
tubular member which is threaded on its external surface to be interengaged with threads
on a box member to provide a connection.

‘The "box member" of the connection is understood to mean the female portion
of a tubular member which is threaded on its internal surface to be interengaged with
threads on a pin member to provide a connection. '

A connection having a “two-step thread” is understood to mean a connection
having two threaded portions wherein one threaded portion has a greater xﬁdius from the
longitudinal axis of the pipe than the other threaded portion. !

A "center shoulder seal" is understood to mean a section of a connection disposed
between at least two threaded portions, wflich section exhibits directly contacting surfaces
between the pin and box members, or between the pin and box members and a third
component such as an annular sealing |slesew;:, so that the section provides a seal for

preventing the passage of fluid through (across the threads of) the assembled connection.
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Section 424-{3haPA&w of the locked double shoulder connection, with the cross section cut along

the longitudinal axis of the connection, the locked double shoulder configuration has the

appearance of a reverse block S having extended tails on the S. The center bar of the
reverse S, which extends lengthwise in the general direction of the connection
10néitudinal centerline, can be parallel to such centerline or can be at an angle with
respect to the centerline. The angle with the connection longitudinal centerline is
preferably less than about 45 degrees. More preferably, the angle of the center bar of
the reverse block S with respect to the connection longitudinal centerline is less than
about 25 degrees.

A "thread root” is understood to mean the thread location at which the wall of the
tubular member has been machined away to its maximum depth. The thread root defines
the major diameter of a box thread and the minor diameter of a pin thread.

A "thread crest” is understood to mean the thread location at which the wall of
the tubular member has beén machined to its minimum depth (in some cases, none of the
wall will have been machined away at the crest of the thread). The thread crest defines
the major diameter of a pin thread and the minor diameter of a box thread.

A "run-out thread” is understood to mean a portion of thread having its roots
machined on a taper with respect to the longitudinal axis of the tubular member, but
having its crests machined parallel to the longitudinal axis of the tubular member:
gradually the construction (machining) lines of the crests and roots of the thread intersect
and the thread disappears. In an assembled tubular connection, a run-out thread on a pin
member or box member typically corresponds with a run-in thread on the corresponding
box member or pin member, respectively.

A "run-in thread" is understood to mean a portion of thread having its roots
machined parallel to the longitudinal axis of the tubular member, but having its crests
machined on a taper with respect to the longitudinal axis of the tubular member; from an
initial point, the construction lines of the crests and roots of the threads diverge,

ultimately achieving a full height thread. In an assembled tubular connection, a run-in
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The "thread load flank" is understood to mean the trailing flank of a thread upon
telescoping of the pin into the box.

A thread "flank angle" is understood to mean the angie formed between the thread
flank and a line constructed at the root of the thread flank, which line is perpendicular
to the longitudinal axis of the connection (tubular). For ease in understanding, flank
angles are defined in geometric terminology. For example, for a connection member
cross-sectional drawing showing.the connection member with its leading, threaded end
toward the right hand side and its trailing threaded end (typically followed by extended
tubular) toward the left hand side, a positive flank angle is one wherein rotation of the
perpendicular line toward the thread flank is in a clockwise direction, and a negative
flank angle is one wherein rotation of the perpendicular line toward the thread flank is
in a counter-clockwise direction. In the connection drawings illustrated throughout this
application the connection pin member is shown at the bottom of the drawings with its
leading edge on the right hand side while the connection box member is shown at the top
of the drawing with its leading edge on the left hand side. Thus, the box mémber
drawing can be reoriented to have its leading edge on the right hand side for purposes of
viewing the direction of rotation of the line constructed perpendicular to the connection
longitudinal axis at the root of the thread flank. As described previously, the stab flank
of the thread of each connection member is the thread flank which is leading or most

forward as the connection members are telescoped together.
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A "corresponding connection member portion” is understood to mean the portion

of a connection member in contact with the member being discussed, upon assembly of
the connection. For exampie, when a portion of the pin member of the connection is
discussed, its corresponding connection member portion is the portion of the box member
which will be in contact with that portion of the pin member upon assembly of the
connection.

"Complementary engagement” is understood to mean the interengagement of

corresponding members wherein both corresponding members are threaded in sections
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I ndi vidual crests can be machi ned either on a taper or ]
member and beginning adjacent to the center shoulder seal configuration.. In an

asser_nb'ied tubular connection, a lead-in thread on a pin member or box member
corresponds with a run-out thread on the corresponding box member or pin member,

respectively.

~ SUMMARY OF THE INVENTION

In accordance with the present invention, a tubular connection comprising at least
two connection members and a center shoulder seal has been developed in a manner
which provides stabilization of the center shoulder seal and improved efficiency (strength
of connection/strength of tubular) of the connection.

Also in accordance with the present invention, a center shoulder seal design which
provides multiple metal-to-metal sealing surfaces is described. This seal design
comprises a locked double shoulder configuration.

In addition, the invention pertains to a thread profile which provides a self-
centering function during make-up (assembly) of the connection.

Although the present invention can be applied to connections comprising tubulars
and couplings, the most frequent use of the invention will be in the form of a tubular
connection compﬁsing two connection members, and thus the invention is described in
this form below.

With reference to a tubular connection comprising two connection members,
namely a pin member and a box member, the stabilization of the center shoulder seal is
achieved using at least one run-out section of thread adjacent to the center shoulder
configuration of each connection member. Typically, the at least one run-out section of
thread is located adjacent the center shoulder configuration on that portion of the
connection member at which the wall thickness is less. The run-out section of thread is

typically used in combination with a run-in section of thread on the corresponding
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Preferably, a run-out section of thread and a run-in section of thread are used

together on the same connection member, with the center shoulder configuration located
between the two sections of thread. The corresponding connection member will also
comprise the corresponding sections of run-in and run-out threads, respectively, so there
is one set of run-in and run-out threads adjacent the center shoulder seal. Even more
preferably, in addition to the connection having one set of run-out and run-in thread
sections adjacent to the center shoulder seal, the connection has a second set of run-out
and run-in threads adjacent to the terminal ends of the connection. Such a double set of
run-in, run-out thread sections stabilizes the center shoulder seal and the entire
connection. The double set of run-in, run-out sections of threads also provides the most
efficient connection.

When a connection member exhibits a single run-out thread adjacent to one side
of the center shoulder configuration and a full height lead-in thread adjacent to the other
side of the center shoulder configuration (with corresponding thread sections on the other
connection member), a relief groove may be disposed between the center shoulder
configuration and the ' full height thread. @ The relief groove permits proper
interengagement of the threads upon assembly of the connection and facilitates machining ‘
of the full height lead-in thread. When a single set of run-out, run-in threads is used,
with the center shoulder seal located between them, or when a double set of run-out, run-
in threads is used, it is typically not necessary to use such a relief groove.

The most preferred ceht;r shoulder seal design is a "locked double shoulder” seal
which provides an interlocking design, wherein a longitudinal cross section of the
assembled pin and box contacting surfaces (in the center shoulder area) exhibits a reverse
block S shape having extended tails on the S. Typically the assembled locked double
shoulder configuration cross-section is two to three times as "high” in the radial direction
(perpendicular to the tubular longitudinal axis) as it is "wide" in the axial direction
(parallel to the connection longitudinal axis). In addition, the height is typically 1/4 to
1/3 of the pipe body wall thickness. The center bar of the reverse "S", which extends
lengthwise in the general direction of the connection longitudinal centerline, can be

parallel to such centerline or can be at an angle with the centerline. The angle with the
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514 center shoul der configuration 510 conprises shoul der 520
Although the locked double shoulder center seal is preferred, other center shoulder

designs which are known in the art can also be stabilized using the run-out, run-in thread
constructions described above adjacent to the center shoulder. Examples of other
shoulder designs which can be stabilized include, not by way of limitation, square
shoulder; hook shoulders (wherein the shoulder exhibits at least one negative angle
relative to the connection longitudinal axis; square shoulders with a frustrum seal; annufar
sﬁoulders (shoulder on a taper with the connection longitudinal axis); shoulders
comprising grooves or an annulus having an axial undercut which employ a sealing
sleeve, ring or annulus; and shoulders designed to exﬁ;'ude a 'portion of their mass
laterally into adjacent grooves upon assembly of the conn!ection. The profile of
the individual thread which can be used to make up the run-out, run-in thread sections
is preferably selected from the group comprising double hook thread and single. hook
thread; although other threa.d profiles standard in the industry can be used.
The double hook thread profile is preferred in terms of mechanical performance.
The double hook thread exhibits a negative load flank angle and a positive stab flank
angle. A double hook thread profile in which the absolute sum of the load and stab flank
angles (independent of the sign of the load and stab flank angles) totals less than about
20 degrees will function well in the present invention. Preferably, the negative load flank
angle does not exceed about 8 degrees and the positive stab flank angle does not exceed
" about 5 degrees. More preferably, the negative load flank angle ranges from about zero
degrees to less than 5 degrees and the positive stab flank angle ranges from about zero
degrees to less than 2 degrees, with the absolute sum of the angles being less than 5
degrees.
The single hook thread comprises a negative load flank angle ranging from about
- zero degrees to about 15 degrees and a stab flank angle ranging from zero degrees to 2
negative angle of about 35 degrees. Preferably the negative load flank angle is less than

8 degrees and the negative stab flank angle is less than 20 degrees. More preferably, the
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The double hook and single hook thread profiles described above are preferably
used in combination with a variable width thread, wherein the thread on each member
changes progressively in axial width, with the thread width of the pin member

progressively increasing from the leading or forward end toward the following or trailing
end of each step of threads, and the thread width of the box member increasing in the
opposite direction.

The make-up of the connection having single hook or double hook threads is
greatly improved by providing a chamfer on the stab flanik of the thread profile. This
chamfer provides a self-centering function during telescoping of the pin member into the
box member. In addition, the chamfer provides increased surface contact area between
the members at the time of telescoping, reducing the overall load at any particular contact
point and reducing damage to the connection on make-up. The axial distance of travel
or width of the chamfer is preferably about 0.005 inches or less, with the degree of the
chamfer being a function of the thread pitch and taper. The degree of chamfer is such
that the radial height of the chamfer (perpendicular to the connection longitudinal axis)
is approximately equal to the step height between the chamfered stab flank and the
preceding load flank. The height of the stab flank minus the height of the preceding
thread load flank is typically called the step height.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows a schematic of a longitudinal cross-sectional view of one
- embodiment of the assembled connection of the present invention, wherein the connection
comprises a locked double shoulder center-shoulder seal, a single run-out thread section

on the pin member adjacent one side of the center shoulder seal and a full height lead-in



nove into position, typically they begin to ben t he gap

bet ween surface 524 on first center shoul der co ) Sidls | surface
544 on second center shoul der configuration 530, hereby prod '%nq a zero
cl earance or netal -to-netal surface seal betweeh 2 i pn of
surfaces 524 and 544. This latter zero clearanc net I sea
will not occur if there is substantial (greaterftha -3 Cf. ear ance

bet ween surface 524 and surface 544 pri%r-to thk above descri bed jbendi ng
action Upon final power tightening (torquing) of the assenblr&d—ctdnnecti on,
t he | eaditingad sedtima@nahe phaomtxdber dufdtenohe acties sfderaftthe pepercahbukier Seat.ewith 8 on
box center shoul der rati.on 530, while the |eading surface of

shoul der CSWGSRﬂ?ﬂ{%?‘Ee‘ge‘@gﬁ&”@HB@r%f hechax @SB on pin center shoul der
configuration 510, thereby creating two additional zero clearance sealing
sur f aces.

Figure 1B shows a schematic of a longitudinal cross-sectional view of the pin

member shown in Figure 1A.

Figure 1C shows a schematic of a longitudinal cross-sectional view of the box

member shown in Figure 1A.

Figure 2A shows a schematic of a longitudinal cross-sectional view of a second
embodiment of the assembled connection of the present invention wherein the connection
comprises a locked double shoulder configuration forming the center-shoulder seal and

a set of run-out and run-in thread sections on each side of the center shoulder seal.

- Figure 2B shows a schematic of a longitudinal cross-sectional view of the pin

member shown in Figure 2A.

Figure 2C shows a schematic of a longitudinal cross-sectional view of the box

member shown in Figure 2A.

Figure 3* shows a schematic of a longitudinal cross-sectional view of a third
embodimento*  assembled connection of the present invention, wherein the connection
comprises a lov ... 3 double shoulder center-shoulder seal and a double set of run-out and
run-in thread sections, with one set being adjacent to the center-shoulder seal and the

other set being disposed at the terminal ends of the pin and box members.

Figure 3B shows a schematic of a longitudinal cross-se:ctional view of the pin

member shown in Figure 3A.

Figure 3C shows a schematic of a longitudinal cross-sectional view of the box

member shown in Figure 3A.
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.~ Figure 4B shows a schematic of a longitudinal cross-sectional view of the pin

member shown in Figure 4A.

Figure 4C shows a schematic of a longitudinal cross-sectional view of the box

member shown in Figure 4A.

Figure 5A shows a schematic of an enlarged view of the longitudinal cross-section
of one embodiment of the locked double shoulder center-shoulder seal, in the form of the

assembled connection shown in Figure 1A.

Figure 5B shows a schematic of a longitudinal cross-sectional view of the pin

member of Figure 5A.

Figure 5C shows a schematic of a longitudinal cross-sectional view of the box

- member shown in Figure SA.

Figure 6A shows a schematic of a longitudinal cross-sectional view of a portion
of a section of double hook thread profile of the present invention having a negative load

flank angle and a positive stab flank angle.

Figure 6B shows a schematic of a longitudinal cross-sectional view of a single
hook thread profile of the present invention having a negative load flank angle and zero

degree (right angle) stab flank.



the various conditions of |oading to which the connection may be subjected.
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flank angle and a negative stab flank angle.

Figure 6D shows a schematic of a longitudinal cross-sectional view of a preferred
double hook thread profile of the present invention having a negative load flank angle and

a stah flank angle which is slightly positive, approaching zero degrees.

Figure 7 shows a schematic of a longitudinal cross-sectional view of a preferred
single hook thread profile of the present invention having a negative load flank angle, a
zero degree (right angle) stab flank and a chamfered stab flank. Most preferably this
thread profile would be a variable width thread, wherein the thread on each member

changes progressively in axial width.

Figure 8A shows a schematic of a longitudinal cross-sectional view of the
assembled connection of Figure 2, but with the thread having the double hook thread
profile shown in Figure' 5A, and having different leads in the load and stab flanks,
thereby producing a variable thread crest/root width on each thread.

Figure 8B shows a schematic of a longitudinal cross-sectional view of a portion

of the double hook threaded profile of the pin and box members shown in Figure 8A.

Figure 9A shows a schematic of a longitudinal cross-sectional view of the
assembled connection of Figure 3, but with the thread having the single hook thread
profile.

Figure 9B-9D show a schematic of a longitudinal cross-sectional area of a portion

of the single hook thread profile of the pin and box members shown in Figure 9A.
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: Figure 10C shows a schematic of a longitudinal cross-sectional view of the box

member of Figure 10A.
DESCR N OF PR RED EMBODIMENTS

The tubular connection of the present invention is applicable broadly for use in
joining pipes, couj;lings and the like, but will be described in terms of oil industry .tubular
connections, since this is one of the highest value uses for the invention. In particular
the invention is most typically used in flush joint or slim line tubular connections, where
it is desired to minimize any variation in the outside and inside diameter dimensions
between the connections and the assembled tubular members. The two major uses for
the cor;nécﬁon of the present invention are as a flush joint liner, typically having|a flush
outside diameter, and a liner tie-back, typically a formed connection having a maximum
of +3.5% variation in outside diameter.

The tubular connection of the present invention utilizes a center seal (between at
least two threaded sections of connection) to prevent fluids (liquids or gases) from passing
through (across the threads of) the connection. The preferred embodiments of the
invention will be described as having a locked double shoulder center shoulder seal,
which will be described in detail subsequently. However, other center seal designs such
as, for example, square shoulder, hook shoulder, square shoulder with frustrum seal, and
annular shoulder can be used in the stabilized center-shoulder-sealed tubular connection
of the present invention.

In accordance with the present invention, the center shoulder seal is stabilized so
that it can withstand various forces placed on the assembled length of tubulars without
significant damage to and/or leakage through the seal. The stabilization is provided by
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However, a nm-out secuon of thread on one connection member can be used in

combination with a full height lead-in thread on the corresponding connection member.
| Figures 1 through 4 illustrate four different preferred embodiments of the
connection of the present invention. Each of the four preferred connections illustrated
in Figures 1-4, have certain common features which will now be described with respect
to embodiment one of Figure 1. Referring now to Figures 1A, 1B and IC, the pipe joint
or threaded connection of the present invention, generally designated 100 in Figure 1A,
includes 2 pin member 102 formed on the end of tubular member 103 and a box member
106 formed on the end of another tubular member 107. Either one or both of the tubular
members 103, 107 define a longitudinal axis 14 (see Figures 8A or 9A) which is the
longitudinal centerline of the connection 100. The box member 106 has an internal
thread structure formed therein and is adapted to interengage a complementary external
thread structure formed on pin member 102, for mechanically connecting tubular
members 103 and 107 which form a part of a string of tubular pipe (not shown).
Connection 100 further includes a center shoulder seal 104 located at approximately the
longitudinal mid-point of connection 100. The external thread structure of the pin
member 102 extends from its pin nose or leading terminal end 105 to a location 109
adjacent first center shoulder configuration 119 and then continues on the other side 111
of first center shoulder configuration 119 to the end of the external threads at the trailing
terminal end 113 of connection 100. The complementary internal thread structure of the
box member 106 extends from the box leading terminal end 115 to a location 117
adjacent second center shoulder configuration 108 and then continues at the other side
121 of second center shoulder configuration 108 to the end of the internal threads at
trailing terminal end 123 of connection 100.
The center shoulder seal shown on connection 100 at 104, disposed between
matched sets of connection threaded sections, prevents fluids (liquids or gases) from

passing through (across the threads of) the connection. The preferred embodiments of

B
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annular shoulder can be used in the stabilized center-shoulder-sealed tubular connection
of the present invention.

Referring again to Figure 1, which illustrates embodiment one of the présent
invention, tubular connection 100, the center shoulder seal 104 is a locked double
shoulder made up from a first center shoulder configuration 119 on pin member 102 and
a second center shoulder configuration 108 on box member 106. The center-shoulder-
seal-stabilizing thread sections (run-out thread sections) on each connection member are
located on pin member 102 at 110 and on box member 106 at 114. With referenée to
pin member 102, run-out thread section 110, adjacent shoulder seal configuration 119,
extends from position 109 adjacent seal configuration 119 to intersect full height tapered
thread section 126 which extends to pin 102 leading terminal end 105. With reference
to box member 106, run out thread section 114, adjacent shoulder seal configuration 108,
extends from position 117 adjacent seal configuration 108 to intersect full height tapered
thread section 128 which extends to box 106 leading terminal end 115. The
complementary thread section which interengages run-out thread section 110 on pin
member 102 is full height lead-in thread section 112 on box member 106. "The
_complementary thread section which interengages run-out thread section 114 on box
member 106 is full height lead-in thread section 116 on pin member 102. The full height
lead-in thread sections 112 and 116 on box member 106 and pin member 102,
respectively extend as full height thread sections 124 and 122, respectively,, providing
full height tapered threads to the end of these threaded sections at 123 and 113,
respectively. The taper on threaded sections extending from leading terminal ends 105
and 115 of pin 102 and box 106, respectively, is slightly greater than the taper on
threaded sections 112-124 and 116-122, which extend toward the trailing terminal ends
123 and 113 of box 106 and pin 102, respectively.

Upon assembly of connection 100, run-out thread section 110 of pin member 102
Is interengaged with full height lead-in thread section 112 of box member 106 and full
height thread section 126 of pin member 102 is interengaged with the full height thread

section 124 of box member 106. Upon assembly of connection 100, run-out thread
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rotation imember 106 comprises a thread relief groove 120 between full lead-in thread section 112

and second center-shoulder configuration 108. The thread relief groove facilitates
machining the full height lead-in threads 116, 122 on pin member 102 and 112, 124 on
box member 106, and enables complete compiementary engagement of any corresponding
thread profile. Relief grooves 118, 120 also provide a depository for thread compound
and ensure that there is no hydraulic lockup of the thread.

Helical full height thread sections 112-124 and 116-122 are machined on a
constant taper relative to the longitudinal axis of connection 100. Helical full height
thread sections 126 and 128 are also machined on a constant taper relative to longitudinal
axis 14 of connection 100. However, the taper of these latter thread sections is greater
than the taper of their corresponding member thread sections 112-124 and 116-122,
respectively, to provide reduced stress at the terminal ends of connection 100 upon
assembly. Thread sections 110 and 114 are run-out thread sections which are machined
having thread crest construction lines parallel to longitudinal axis 14 of connection 100
and having thread root construction lines machined on the constant taper with respect to
the longitudinal axis. However, individual crest surfaces and individual root surfaces
typically are machined parallel to the connection longitudinal axis. It is possible to leave
individual run-in truncated thread crests on a taper, but preferred to machine them to be
parallel to the connection longitudinal axis.

Upon assembly, the interengaged connection 100 exhibits complete complementary
engagement of run-out thread sections 110 and 114, each located on that side of center-
shoulder seal 104 at which each connection member wall thickness is less, namely thin
wall sections 130, 132, respectively. In addition, a slight interference fit is provided in
the threads to assure maximized interengagement of the threads. In an interference fit.
at corresponding engagement points on the pin and box members 102 and 106, the pin
member 102 is machined slightly larger than the box member 106. Interference fit

tapered threads are well established in the art. Complete complementary engagement of
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member 106. In addition. the run out thread sections at these locations on the pin and

box members permit maintenance of maximum connection wall thickness in the areas,
adjacent center shoulder 104, thersby providing a more efficient connection.

‘ For purposes of illustration, embodiment one of the invention has been shown in
Figute 1 with a single hook thread profile having 2 negative load flank angle and a
negative stab flank angle; the crests and roots of individual, threads are paralle! to the
connection longitudinal axis. Thread profiles other than a single hook can be used as
well, as hereinafter described.

For purposes of comparison with the prior art, embodiment one of the pfesent
invention, in the structure of a +3 percent over pipe body diameter, formed-box slim line
connection, exhibits an efficiency (strength of connection (joint)/strength of pipe) of about
85 %, compared with the best known +3 percent formed box connection in the industry,
which exhibits an efﬁciency of only about 75%. When the structure is a flush-joint
connection, embodiment one of the present invention provides an efficiency of about 75%
compared with the best known-in-the industry flush-joint connection efficiency of 65%.

Referring now to Figure 2A, which illustrates embodiment two of the present
invention connection, tubular connection 200 is made up from pin member 202 machined
on the exterior end of tubular 203 and from box member 206 machined on the interior
end of tubular 207. The center shoulder seal 204 of tubular connection 200 is a locked

~ double shoulder configuration, formed from a first center shoulder configuration 219 on

pin member 202 and from second center shoulder configuration 208 on box member 206.

Figure 2B, which shows pin member 202, comprises run-out thread section 210
which extends from a location 209 adjacent first center shoulder configuration 219 on the
thin-walled portion 230 of pin member 202 to thread section 226 of full height tapered

~thread which extends to leading end 205 of pin member 202. Pin member 202 also
comprises run-in thread section 216 which extends from a location 211 adjacent first

center shoulder configuration 219 on the thick-walled portion of pin member 202 to
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also comprises run-in thread section 222 which extends from a location 221 adjacent
second center shoulder configuration 208 on the thick-walled portion of box member 206
to thread section 224 of full height tapered thread which extends to trailing end 223 of
box member 206.

Upon assembly of connection 200, run-out thread section 210 of pin member 202
interengages run-in thread section 222 of box member 206 and full height threads 226 of
pin member 202 interengage full height threads 224 of box member 206. In addi;tion,
run-out thread section 214 of box member 206 interengages run-in thread section 216 of
pin member 202 and full height thread section 228 of box member 206 interengages full
height thread section 212 of pin member 202.

Helical full height thread sections 212 and 226 on pin member 202 and full height
thread sections 224 and 228 on box member 206 are machined on a constant taper with
respect to the longitudinal axis of connection 200, but having the individual surfaces of
their roots and crests parallel to the longitudinal axis of connection 200. Run-out thread
section 210 on pin member 202 has its minor diameter (roots) machined on a continuation

“of the constant taper of the minor diameter of adjacent full height thread section 226,

while its major diameter (crests) is machined parallel to the connection 200 longitudinal
axis. Run-in thread section 216 on pin member 202 has its minor diameter (roots)
machined paralle] to the connection 200 longitudinal axis, while its major diameter
(crests) is machined as a continuation of the constant taper of the major diameter of
adjacent full height thread section 212. Corresponding run-out and run-in thread sections
of box member 206 are constructed in like manner, with the roots forming the major
diameter and the crests forming the minor diameter.

Although sequential thread crests and roots are machined as described above,

+ individual crest and root surfaces are typically machined parallel to the longitudinal axis

of the connection. The exception to this is run-in thread sections. wherein the individual
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tapers of corresponding full height thread sections 224 of box 206 and 212 of pin 202,
respectively.

| Also, for purposes of illustration, embodiment two of the invention has been
shown in Figure 2 with a single hook thread profile having a negative load ﬂank. angle
and a zero degree stab flank angle; however, other thread profiles can be used as well
as hereinafter described.

In embodiment two, wherein a set of run-out, run-in thread sections 1s used
adjacent each side of the center-shoulder seal 204, there is minimal unused (nonengaged)
thread surface in the assembled thread sections. The connection 200 exhibits complete
complementary engagement of the corresponding run-out and run-in thread section pairs,
making these tapered threads highly efficient and providing even greater stabilization of
the center-shoulder seal 204 than that provided in embodiment one shown in Figure 1.

For comparison purposes with the prior art, embodiment two of the present
invention shows approximately the same improvement in efficiency over the known prior
art as that exhibited by embodiment one shown in Figure 1.

Referring now to Figure 3A, which illustrates embodiment three of the present
invention connection, tubular connection 300 is made up from pin member 302 machined
on the exterior end of tubular 303 and from box member 306 machined on the interior
end of wbular 307, The center shoulder seal 304 of tubular connection 300 is a locked
double shoulder configuration, formed from first center shoulder configuration 319 on
pin member 302 and from second center shoulder configuration 308 on box member 306.

Figure 3B, which shows pin member 302 comprises run-out thread section 310 _
which extends from a location 309 adjacent first center shoulder configuration 319 on the
thin-walled portion 330 of pin member 302 to thread section 326 of full height tapered
thread, which extends to run-in thread section 334 which extends to leading end 305 of
pin member 302. Pin member 302 also comprises run-in thread section 316 which

extends from a location 311 adjacent first center shoulder configuration 319 on the thick-
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Figure 3C, which shows box member 306, comprises run-out thread section 314
which extends from a location 317 adjacent second center shoulder configuration 308 on
the thin-walled portion 332 of box member 306 to thread section 328 of full height
tapered threads, which extends to run-in thread section 338 which extends to leading end
315 of box member 306. Box member 306 also comprises run-in thread section 322
which extends from a location 321 adjacent second center shoulder configuration 308 on
the thick-walled portion of box member 306 to thread section 324 of full height tapered
thread, which extends to run-out thread section 340 which extends to trailing end 323 of
box member 306.

Upon assembly of connection 300, run-out thread section 310 of pin membe'r 302,
interengages run-in thread section 322 of box member 301, full height thread section 326
of pin member 302 interengages full height thread section 324 of box member 306, and
run-in thread section 334 of pin member 302 interengages run-out thread section 340 of
box member 306. In addition, run-out thread section 314 of box member 306
interengages run-in Md section 316 of pin member 302, full height thread section 328
of box member 306 interengages full height thread section 312 of pin member 302, and
run-in thread section 338 of box member 306 interengages run-out thread section 336 of
pin member 302.

Helical full height thread sections 312 and 326 on pin member 302 and 324 and
328 on box member 306 are on a constant taper with respect to the longitudinal axis of
connection 300, but having the individual surfaces of their roots and crests parallel to the
longimdinal axis of connection 300. Run-out thread sections 310 and 336 on pin member
302 and run-out thread sections 314 and 340 on box member 306 have their roots
machined on a continuation of the constant taper of the adjacent full height thread
sections. Run-out thread sections 310 and 336 ¢n pin member 302 and run-out thread
sections 314 and 340 on box member 306 have their crests machined parallel to the
longitudinal axis of connection 300. Run-in thread sections 316 and 334 on pin member
302 and run-in thread sections 322 and 338 on box member 306 have their roots

machined parallel to the longitudinal axis of connection 300, while their crests are

roper

al.
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seal 304 and a second set at the terminal ends of connection 300) provides maximum joint
efﬁciency and maximum stability for center-shoulder seal 304 of the connection 300.
The double set of run-out and run-in threads also provides the smoothest load transfer
between pin and box members 302, 306, respectively, thereby not only increasing the
connection’s rated load capacity but also its overload capacity (i.e., safety factor).

For comparison purposes with the prior art, embodiment three of the present
invention, in the structure of a +3.5 percent over pipe body diameter, formed box élim
line connection exhibits an efficiency (strength of connection (joint)/strength of pipe) of
about 95%. When the structure is a 3 percent formed box connection, the efficiency
decreases to about 90%. The best known-in-the-industry +3 percent formed box
connection provides only a 75% efficiency.

Regarding the above-described embodiment three of the present invention, in the
structure of a flush outside diameter connection, the efficiency provided is about 77%.
The best known-in-the-industry flush connection provides only a 65% efficiency.

Referring now to Figure 4A, which illustrates embodiment four of the present
invention connection, tubular connection 400 is made up from pin member 402 machined
on the exterior end of tubular 403 and from box member 406 machined on the interior
end of tubular 407. The center shoulder seal 404 of tubular connection 400 is a locked
double shoulder configuration, formed from first center shoulder configuration 419 on
pin member 402 and from second center shoulder configuration 408 on box member 406.

Figure 4B, which shows pin member 402 comprises run-out thread section 410
which extends from a location 409 adjacent first center shoulder configuration 419 on the
thin-walled portion 430 of pin member 402 to thread section 426 of full height tapered
thread, which extends to run-in thread section 434 which extends to leading end 405 of
Pin member 402. Pin member 402 also comprises run-in thread section 416 which

extends from a location 411 adjacent first center shoulder configuration 419 on the thick-
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Figure 4C, which shows box member 406, comprises run-out thread section 414
which extends from a location 417 adjacent second center shoulder confi iration 408 on
the thin-walled portion 432 of box member 406 to thread section 428 of full height
tapered threads, which extends to run-in thread section 438 which extends to leading end
415 of box member 406. Box member 406 also comprises run-in thread section 422
which extends from a location 421 adjacent second center shoulder configuration 408 on
the thick-walled portion of box member 406 to thread section 424 of full height tapered
thread, which extends to run-out thread section 440 which extends to trailing end 423 of
box member 406. |

The principal difference between this fourth embodiment of the invention and the
third embodiment illustrated in Fig. 3 lies in the thread profile. The thread profile of this
fourth embodiment is a specialized self-centering thread profile wherein the stab flank of
all full-height threads is chamfered, as shown in Fig. 7 and described in detail
subsequently with referenéc to Fig. 7. Thus, each stab flank of full-height thread sections

412 and 426 of pin member 402 and each stab flank of full-height thread sections 424 and

428 of box member 406 is chamfered. The chamfer width (axial distance) is preferably
about 0.005 inches or less and the chamfer height (perpendicular to the connection or
member longitudinal axis) is approximately equal to the step height (height of the stab
flank minus the height of the preceding thread load flank). Presence of this chamfer on
the stab flank of all full-height threads on both pin member 402 and box member 406
results in a self-centering action upon assembly of connection 400; in particular, the self-
centering action occurs during the initial telescoping (stabbing) of pin member 402 into
box member 406.

Upon initial assembly of connection 400, after initial telescoping, the stab flanks
of pin member 402 threads come to rest on the stab flanks of box member 406 with the
chamfered portion of the stab flanks providing the self-centering action described above.
Upon completion of assembly, to power tight position, run-out thread section 410 of pin
member 402, interengages run-in thread section 422 of box member 401, full height

thread section 426 of pin member 402 interengages full height thread section 424 of box



zero (0) degrees to about 45 degrees, and exhibitgs J‘rve | oad fl ank
angl e which ranges fromgreater than 0 degrees toj}aljout 15 degrees. {If the
|l oad flank angle is a |large negative angle, and tHe[st2f FERMW9ANGI ¢ is

| ess than the |load flank angl e, thereby producingjthread crests vviidér t han
adj acent thread roots, the use of a constantly iniLEam ng tnread—w ¢fth from
the | eadi ng edge of the pin, as descri bed above f a_double hook thread,
may be necessary to pernit proper i nter¥hgagenent of the pin and box
menbers of, I

preferred s ng e o?& t]ﬁ}?egg}ﬂﬂa M@ é%‘? of Iggg%gbérs{zrg%?&g%baésrm{lﬁgt .
profile whieead sedtioa M@ga"tboxembmadr 0&nkn awhenrmigem mmmgc@atem ohbex O -
degr ees to | ess tgan 5 degrees and the negative stab flank angl e ranges

from zer o RFSHH th}e@gg@ges Fugtiythaead sepfiomd kel pip seambes 49dnfulkhaighs tlsrngd es
b | f K t ab
P eSS LS 5 R L R AR o

thread wi d0R, and renin tthiead eeciyadB8wTtboxl meaibes A060hterengupes trhﬁ-eadsnreﬁle

necessary cl ear%gcef\ s provided b¥ maki ng the thread crests narrower than
tion 436 of pin member 402. At power tight position, the load flanks, roots and crests

of full-height threads of each member are in sufficient contact to provide sealing
engagement, while the stab flanks of these threads exhibit a slight clearance (typically
about 0.002 inches).

Helical full height thread sections 412 and 426 on pin member 402 and 424 and
428 on box member 406 are machined on a constant taper with respect to the longitudinal
axis of connection 400, but having the individual surfaces of their roots and crests
parallel to the longitudinal axis of connection 400. Run-out thread sections 410 and 436
on pin member 402 and run-out thread sections 414 and 440 on box member 406 have
their sequential roots ‘machined on e continuation of the constant taper of the adjacent full
height thread sections. Run-out thread sections 410 and 436 on pin member 402 and run-
‘out thread sections 414 and 440 on box member 406 have their sequential crests
machined paralle} to the longitudinal axis of connection 400. The individual root and
crest surfaces of run-out thread sections are machined parallel to the connection
longitudinal axis. Run-in thread sections 416 and 434 on pin member 402 and run-in
thread sections 422 and 438 on box member 406 have their sequential roots machined
paraliel to the longitudinal axis of connection 400, while their sequential crests are
machined on a continuation of the constant taper of the respective major or minor
diameter of the adjacent full height thread sections. Although the individual root surfaces
of these run-in thread sections are machined parallel to the connection (connection
member) longitudinal axis, the individual crests can be machined either on a taper or
parahlel to the connection longitudinal axis, as previously discussed with reference to run-
in thread sections.

Embodiment four of the invention, shown in Figure 4 exhibits a thread profile
having a chamfered stab flank with a positive stab flank angle of less than about 2
degrees, with reference to a line perpendicular to the preceding individual thread root

(and the connection longitudinal axis). The load flank angle is a negative angle of about



the thread roots. Figure 6C illustrates another thrqgh Qiidyreefodi ment
600C suitable for use in the connection of the prgsght<i.nvéntion.. THis

thread profile is particularly suitable for a conrjedti on having a
center-shoul der seal (such as the |ocked doubl e sHoyl d@M)FE& &¥hbi nati on
with a single run-out thread and full height |eadif_thread on the
correspondi ng nenber, on each side of the center-gdhoul der Séal. "The]thread
profile of full height threads from a [@® t4 on of pin_neaher 690Ji s
anot her enbodi nent of a single hook thread as it woul d appear vvithid] }(he
t hr eaded 3 degreey osdessi ols e moss prefesred tembadimentodf thﬁﬂgﬂglm iths, stap flan

mbodi t of. ' t f.eat f 4o nmbet
660 1 hr odeitnis Rt fkrgel SR IoAE ARt EARME 0 hep RS a8 2660 3 aribs VD EC
whi ch exhi bi t sTige éﬁﬂcﬂﬁ:e?%@@ﬁd Sehnedutincilligkdtkd iPigurall iy essengalty fhersaineis

greater than angle [err], and consequently, dinensions can be fornul ated
wi th fl arthatof the sarngatiendllusrasadais) Figueer 3.ng t hreads, havi ng cl earance

b h . . f ' i
096 of ol 1 o EiERRSs Wtn b b of 4 BEfeFisndlibdt £aF 06 MRDR! WA 00!

embodiment on. f Figure 1. Assembled center shoulder seal 500 is a locked double

shoulder seal made up from first center shoulder configuration 510 on pin member 514
and ’ﬁ-om second center shoulder configuration 530 on box member 534. Thread relief
groove 512 on pin member 514 and thread relief grooves 532 on box member 534 are
made necessary by the use of full height lead-in threads 526 on pin member 514 and full
height lead in threads 546 on box member 534, respectively. When full height lead-in
threads are not used. for example in embodiments two, three or four (as illusuatéd by
connections 200, 300 and 400), use of thread relief grooves is optional. The thread
profile shown in Figure 5A is a preferred double hook of the kind shown in Figure €D.

Figures 5B and 5C show first center shouider configuration 510 of pin miember
514 and second center shoulder configuration 530 of box member 534, respectively.
Each connection member comprises a ramp, 516 on pin 514 and 536 on box 534.
Connection pin member 514 center shoulder configuration 510 comprises shoulder 520
having first undercut surface 528, first sealing surface 518 and fourth sealing surface 522.
Connection box member 534 center shoulder configuration 530 comprises shoulder 540
having second undercut surface 548, second sealing surface 542 and third sealing surface
538

Upon assembly of center shoulder seal 500, first sealing surface 518 on shoulder
520 of pin configuration 510 is lined up by and guided into position on corresponding
first ramp 536 of box center shoulder configuration 530. Simultaneously, second sealing
surface 542 on shoulder 540 of box center shoulder configuration 530 is lined up by and
guided into position on corresponding second ramp 516 of pin center shoulder
configuration 510. As the assembly progresses, a metal-to-metal seal is created as first
sealing surface 518 on shoulder 520 moves into place against third sealing surface 538
on box center shoulder configuration 530. Simultaneously, a metal-to-metal seal is
created as second sealing surface 542 on shoulder 540 moves into place against fourth

sealing surface 522 on pin center shoulder configuration 510. As shouiders 520 and 540
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configuration 530, thereby producing a zero clearance or metal-to-metal surface seal

between at least a portion of surfaces 524 and 544. This latter zero clearance or metal-
to-metal seal will not occur if there is substantial (greater than 0.005 in.) clearance
between surface 524 and surface 544 prior to the above-described bending action.

Upon final power tightening (torquing) of the assembled connection, the leading
surface of shoulder 520 contacts first undercut surface 548 on box center shouider
configuration 530, while the leading surface of shoulder 540 contacts second undercut
surface 528 on pin center shoulder configuration 510, thereby creating two additional
zero clearance sealing surfaces.

Thus, a combined total of at least two (2) and possibly three (3) metal-to-metal
zero clearance seals are created during assembly (make-up) of the connection: two metal-
to-metal seals at the exterior beveled edges of the locked double shoulder seal 500 where
sealing surfaces 518 and 538 are in contact and where sealing surfaces 522 and 542 are
in contact; and, a metal to metal sealing surface at the interior of the locked double
shoulder seal 500, one :at the wall surface where sealing surfaces 524 and 544 contact.
Zero clearance seals are obtained where the face surface of pin shoulder 520 contacts box
undercut surface 548, and wheré the face surface of box shoulder 540 contacts pin
undercut surface 528. Thus, center-shoulder seal 500 forms multiple metal-to-metal
seals, having mating metal-to-metal sealing surfaces which allow a build-up of stored
energy within the seal upon power tightening of the assembled connection, such that upon
the application of various loads on the pipe and also the connection, the seal will continue
to perform and maintain sealing engagement. Further, several zero clearance seals are
provided, which combined with the metal to metal seals further prevents leakage under
the various conditions of loading to which the connection may be subjected.

Typically a thread compound will be used on the surfaces of the threaded
connection and this thread compound will bridge any surface defects and clearances less
than about 0.005 inches, to provide an improved sealing capability. Such a thread
compound will assist the intended metal-to-metal, zero clearance seals described above
should surface defects or machining tolerances result in a clearance between metal

surfaces of less than about 0.005 inches. A thread compound can also provide a
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A description of the location and dimensions of the present invention locked

double shoulder center seal relative to the cross-sectional area of the connection follows.
It is desirable to balance the cross-sectional areas of the tubular walls which make up the
connection in the area of the locked double shoulder seal, thus providing a more efﬁciem
connection. The formula which follows permits calculation of the preferred diameter of
a circle formed by the radial center of the locked double shoulder seal (radial center
relative to the longitudinal axis of the connection). This preferred diameter is essentially
equal to the connection outside diameter squared plus the connection inside diameter
squared minus the constant &, all divided by .wo, with the square root being taken of the
resuit. The constant £ is equal to two times the squared height of interlocked shoulders
520 and 540. As shown on Figure 5A, the radial center of the locked double shoulder
seal is located at contacting surfaces 524 and 544 of shoulder 520 and shouider 540,
respectively. The height of interlocked shoulders 520 and 540 is dimension 552. The
minimum height 552 of interlocked shoulders 520 and 540 is a function of the wall
thickness of the tubular (pipe) used to form the connection. Typically the radial height
352 of interlocked shoulders 520 and 540 is two to three times the longitudinal width,
dimension 554 on Figure SA, of shoulders 520 and 540. In addition, the height 552 of
the cross section of interlocking shoulders 520 and 540 is typically 1/4 to 1/3 of the
tubular member (pipe) wall thickness. |

The connection of the present invention establishes a constant bearing force on the
various seals provided by the center-shoulder seal 500. Not only do the curving edges
of iockcd double shoulder seal 500 at 518, 538 and 522, 542 interferingly engage to form
a metal-to-metal seal, but upon power tightening of the connection, the facing surface of
shoulder 520 in contact with undercut surface 548 and the facing surface of shoulder 540
in contact with undercut ﬁurface 528 are loaded and the annular contact between surfaces

524 and 544 typically establishes a seal due to a bending reaction on the shoulders from
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SA-5C is described subsequently with reference to FIGS. 10A-10C.

Other center shoulder designs which are known in the art can also be stabilized

using the adjacent runm-out, run-in thread section constructions described above.
Examples of other center seal designs which can be stabiiized include, not by way of
limitation, square shoulders; hook shoulders (wherein the shoulder exhibits at least one
negative angle relative to the connection longitudinal axis); square shoulders with a
frustrum seal; annular shoulders (shoulder on a taper with the connection longitudinal
axis); shoulders comprising grooves or an annulus having an axial undercut which employ
a sealing sleeve, ring or annulus; and shoulders designed to extrude a portion of their
mass laterally into adjacent grooves upon assembly of the connection. _

Figures 6A through 6D illustrate four preferred thread profiles for use in
combination with the other features of connections of the present invention.

For convenience and accuracy of description, the following geometric conventions
will be used in describing the angles of the load and stab flanks of the threads of the
present invention. The 'angle o represents the stab flank angle and the angle B represeats
the load flank angle of the threads. These angles are defined in geometric terminology
with reference to a line constructed perpendicular to the longitudinal axis of the
connection (tubular) and at the root of the thread flank. A degree of a negative flank
angle is the rotation, in degrees, of the perpendicular line in the counterclockwise
direction to meet the thread flank. A degree of positive flank angle is the rotation in
degrees of the perpendicular line in the clockwise direction to meet the thread flank.
These conventions for defining stab and load flank angles do not necessarily comport with
the general conventions used in machining pipe threads. |

Figure 6A illustrates corresponding pin 610 and box 630 cross-sectional profiles
for a portion of full height double hook thread 600A. The double hook thread exhibits
a negative load flank angle 8 and a positive stab flank angle . The thread profile of full
height threads from a portion of pin member 610 is shown as it would appear within a
threaded tubular section of the present invention. Stab flank 612 forms a positive stab

flank angle « with respect to a line perpendicular to root wall 616, which is parallel to
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invention. For example, in a manner similar to the pin thread, stab flank 632 forms a

positive angle o with respect to a line perpendicular to root wall 636, and load flank 634
forms a negative angle B with respect to a line perpendicular to root wall 636. To permit
interengagement of the double hook threads of pin member 610 with the double hook
threads of box member 630, it is necessary that the thread width be constantly increasing
from the leading edge (edge initially telescoped into the box member) of pin member 610,
and that the thread width be constantly decreasing (the root width be constantly
increasing) from the corresponding edge of box member 630, as shown in Figure .6A.
Thus, the thread profile crest widths 620 of pin member 610 are progressively
lengthened, while the thread root widths 622 are progressively narrowed, with the reverse
occurring on box member 630. One method of producing threads with such dimensions
is to machine the thread stab flanks with a slightly greater (longer) lead than the load
flanks. The amount of lead increase (al) required to permit the threads to mesh
(interengage) upon telescoping (stabbing) is a function of the thread taper (T) and the stab
and load flank angles (o and B, respectively), and can be calculated according to the !
following formula: |
AL = 1/2T(tan |a] + tan [8] )

When there is more than one step of threads in the connection (for example, a two
step thread wherein one section of threads is followed by a center-shoulder seal, followed
by a second section of threads located at a greater axial distance from the longitudinal
axis of the connection), the thread width can be constantly increasing from the leading
edge of the pin member all of the way to the end of the connection; or, alternatively and
preferably, the thread width is increased progressively within each step of threads,
beginning with the minimum width thread at the pin leading edge step of threads and the
}minimum width thread beginning again at the forward edge of the second step of pin
threads.
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machining and minimizing the lead adjustments, aL, the absolute sum of the positive stab
flank angle and negative load flank angle should range from slightly greater than O
degrées to less than 5 degrees, with the negative load ﬂank angle ranging from about 1
degree to about 4 degrees. When this reduced absolute sum of load and stab. flank
angles is used, it is not necessary to use constantly increasing thread width to permit
interengagement of connection member threads. Preferably the load flank angle is a
larger (greater) absolute angle than the stab flank angle, since for thread profiles having
crests and roots which are parallel to the connection longitudinal axis, the load flank
length is less than the stab flank length, as can be observed in {/iewing load flank 614 and
stab flank 612. Also, when the connection is operating under the most severe service

conditions, the thread load flanks experience a greater applied force than the stab flanks.

Figure 6B illustrates corresponding pin 660 and box 670 cross-sectional profiles
of one embodiment of single hook thread, 600B. The thread profile of full height threads
from a portion of pin member 650 is shown as it would appear within the threaded
tubular section of the present invention. The distinguishing feature of this embodiment
of single hook thread is that its stab flank 652 exhibits a zero degree angle o with respect
to a line perpendicular to both the connection longitudinal axis and the thread root wall,

while its load flank 654 exhibits a negative angle 8 with respect to a line perpendicular
to both the connection longitudinal axis and the thread root wall. For example,
referencing the thread profile of pin member 650, stab flank 652 forms a right angle with
reference to the connection longitudinal axis, or zero degree angle « with respect to a line
perpendicular to root wall 656, while load flank 654 forms negative angle 8 with respect

* to a line perpendicular to root wall 658. In a corresponding manner, referencing the
thread profile of box member 670, stab flank 672 forms a zero degree angle « with a line
perpendicular to root wall 676, while load flank 674 forms a negative angle B with a line
perpendicular to root wall 676.
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reqes froas gleatenciean 0 degriss toabent Hsdeyredsedf the load flank angle is a large
negative angle, and the stab flank angle is less than the load flank angle, thereby
producing thread crests wider than adjacent thread roots, the use of a constantly
increasing thread width from the leading edge of the pin, as described above for a double
hook thread, may be necessary to permit proper interengagement of the pin and box
mermibers of the connection upon initial telescoping (stabbing).

A more preferred single hook thread profile, due to ease of machining, is the
profile wherein the negative load flank angle ranges from greater than 0 degrees to less
than 5 degrees and the negative stab flank angle ranges from zero degrees to about 2
degrees, with the absolute sum of the angles being less than 5 degress. When these
reduced negative load flank and stab flank angles are used, it is not ﬁecessary to use
constantly increasing thread width to permit interengagement of connection member
threads. The necessary clearance is provided by making the thread crests narrower than
the thr&d roots.

Figure 6C illustrates another thread profile embodiment 600C suitable for use in
the connection of the present invention. This thread profile is particularly suitable for
a connecion having a center-shouider seal (such as the locked double shoulder) in
combination with a single run-out thread and full height lead-in thread on the
corresponding member, on each side of the center-shoulder seal. The thread profile of
full height threads from a portion of the pin member 690 is another embodiment of a
single hook thread as it would appear within the threaded tubular section of the present
invention. This particular embodiment of a single hook thread features a load flank 694
of pin member 690 thread which exhibits a large negative angle 8 and a stab flank 692
which exhibits a large negative angle a. Generally, angle « is greater than angle 8, and
consequently, dimensions can be formulated with flank to flank (load to stab) bearing
threads, having clearance between thread roots and crests, for example, with clearance
between root 696 of pin member 690 and crest 699 of box member 698. This is in
contrast with the double hook thread of Figure 6A and the single hook thread of 6B,
which are more suitable in a form wherein the thread roots and crests provide bearing

surfaces with clearances between corresponding stab and load flanks. Flank to flank
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Figure 6D illustrates cross sectional profiles of a preferred double hook thread
600D. The preferred double hook thread exhibits a positive stab flank angle « ranging
from nearly a zero degree angle to an angle of less than 2 degrees, and a load flank angle
# which has been reduced to a small negative angle, ranging from nearly a zero degree
angle to an angle of less than 5 degrees, with the absolute sum of the flank angles being
less than 5 degrees. The thread profile of full height threads from a portion of pin
member 680 is shown as it would appear within a threaded tubular section of the present
invention. The distinguishing feature of the preferred double hook thread is tha.t both its
positive angle stab flank 682 and its negative angle load flank 684 exhibit a nearly zero
degree angle with respect to 2 line perpendicular to the connection longitudinal axis and
the thread root wall. For example, stab flank 682 forms an angle « which ranges from
a right angle with referénce to the connection longitudinal axis, up to a positive angle of
less than 2 degrees with a line perpendicular to root wall 686; and, load flank 684 forms
an angle B which ranges from a near right angle with reference to the connection
longitudinal axis, up to a negative angle of less than 5 degrees with a line perpendicular
to root wall 688. Corresponding box member 689 thread exhibits the same ranges of stab
' flank angle and load flank angle ranges as those just described. It is not necessary to use

progressively increasing thread width to permit connection member thread
interengagement (proper meshing after stabbing) when a preferred double hook thread
profile of the kind shown in Figure 6D is used. This thread profile is essentially a
~modified square thread. .

The most preferred thread profile for use in the present invention is one having
a negative load flank angle and a zero degree or positive stab flank angle with a
chamfered stab flank, which provides self-centering action upon initial telescoping of
connection members. Typically a single hook thread profile (to which this thread profile

is similar) requires a variable width thread to permit proper interengagement of the
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angle with width, w, and a chamfer degree, 7, is a function of thread pitch and taper. The height

758 of chamfer 756 is approximately equal to or less than the height of stab flank 752
minus the height of the preceding load flank 754, or the "step height.” The thread profile
of box member 770 comprises a load flank 774 having a negative angle, 8, and a
chamfered stab flank 772 having a zero degree angle, «; the chamfer 776 exhibits a
width, «, and a chamfer degree, #, with a chamfer height which is the same as the
chamfer height of pin member 750. Box member 770 chamfer width, degree, and height
are determined in the manner described for the correspondiﬁg pin member 750, with the
chamfer degres being a function of thread width and taper and the resulting chamfer
height being approximately equal to or less than the step height. An increased chamfer
height provides increased self-centering action and is preferred; however, a chamfer
height greater than the step height provides no advantage. A chamfer width, w, of less
than 0.005 inches is preferred.

In sizing the connection of the present invention, the location of the radial
centerline of the center-shoulder seal is detérmined with reference to the outside and
inside diameters of the pipe. The fade out point of the connection thread sections is
determined by the minimum required wall thickness at the terminal ends of the
-connection. The length of a thread section is a function of the angle of taper of the
threads and the change in diameter of the thread. Since the thread sections on each side
of the center-shoulder seal should bear approximately one-half of the load on the
connection, the amount of engaged thread length may be calculated to ensure that the
threads do not shear off under load. Knowing these parameters, one skilled in the art can
then determine the thread taper.

Figure 8A illustrates an assembled tubular connection 800A of the present
invention. Connection 800A includes a set of run-out, run-in threads. set 802 and set
804, on each side of a center-shoulder seal 810, which is shown as a locked double
shoulder configuration. The thread profile shown is a double hook which is shown

enlarged on a portion of pin member 820 and box member 830 in Figure 8B. Double
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up. The use of variable width threads permits clearances between flanks in an assembled
connection to be kept at a2 minimum (typically no more than about 0.003 inches). Thus,
when a thread compound containing particulate matter is used during assembly of the
congiéction, an addidonal seal can be formed between thread flanks due to the bridging
action of the particles between flank clearances. Generally, such a seal can be formed
only if the flank clearances are less than about 0.005 inches.
Figure 8B shox#s portions of pin member 820 and box member 830, respectively.
Stab flank 822 of pin member 820 exhibits a positive angle « of about 5 degrees, for
example, and load flank 824 exhibits a negative angle 8 of about 8 degrees, for example.
The variable width full height thread profile shown on the portion of pin member 820
exhibits increasing crest width 825 which corresponds with the variable decreasing width
thread on box member 830, which exhibits increasing root width 828.
When double hook threads having constant width crests and roots (not shown) are
"used in the connection of the present invention, a greater flank clearance (above 0.005
inches, depending on the design) is required, making sealing at the thread flanks
uncertain. This creates a potential for fluid leakage across the threads. Consequently,
either the preferred double hook thread profile wherein the absolute sum of the flank
angles is less than 8 degrees or a conventional single hook thread profile must be used
to achieve thread sealing when the thread profile exhibits constant width crests and roots.
Figure 9 illustrates another embodiment of an assembled tubular connection 900A
of the present invention. Connection 900A includes a double set of run-out, run-in
threads, set 902 and set 904, adjacent center-shoulder seal 910 combined with a second
set of run-out, run-in threads, set 906 and set 908, adjacent the terfninal ends of thL.
connection.  Preferably center-shoulder seal 910 is a locked double shoulder
configuration. Connection 900A is shown with a single hook thread profile, having a
chamfered stab flank.
As shown in Figure 98—9D.thc thread profile of a portion of pin member 950

includes a single hook thread having a stab flank 952 exhibiting a rigk'lt angle with
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of box member 970 is complementary to that of pin member 950.

The most preferred embodiment of the present invention is connection S00A
shown in Figures 9A-9D which utilizes a double set of run-oﬁt, run-in thread sections and
a locked double shoulder center seal, but having a variable width thread with a single
hook thread profile including a chamfered stab flank, as shown in Figures 9B-9D. This
embodiment provides the smoothest flow of forces between the pin member 950 and box
member 970; provides high tension efficiency; and, also provides excellent sealing
engagement for preventing fluid penetration into the threads and through (across the
threads of) the connection. The negative load flank of the single hook thread causes the
two thread zones on each side of the center-shoulder seal move as a unit, and the
chamfered stab flank provides self-centering action during initial telescoping .of the pin
member 950 into the box member 970.

The run-out, run-in thread sections of the present invention fade in the thread ioad
gradually and then fade out the thread load gradually. Full height threads like those
typically used in the prior art cause the thread load to abruptly increase, thereby
transferring a large force abruptly, which in tum caused undesirable bending moments
within the connection.

The tension efficiency of a connection depends upon the extent to which the pin
and box member are formed. Generally, the more forming, the greater the efficiency
which can be achieved. Thus, greater efficiencies may be achieved in slim line
connections which may have up to a 3.5% greater outside diameter than that of the
tubular pipe than can be achieved in flush joint connections which have the same outside
diameter as the pipe.

The double set of run-in, run-out threads of connection S00A is preferred since
this provides maximum utilization of available pipe wall without the waste of space in the .
form of clearances and gaps in the threads for which there is no complementary

engagement. Further, it is desirable not to have wasted space in the form of relief
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With the single hook thread profile, as shown in Figs. 9A-9D and recommended
for use in connecton 900A, an interference between the major and minor thread
diameters, i.e. thread crests 964 of pin 950 and thread roots 984 of box 970, can be
deveioped on power tight make up. Furthermore, interference between adjacent load
flanks and minimal clearance between adjacent stab flanks can be provided on power tight
make up. Any interferences of the roots and crests of the threads causes a hoop stress
in the pin and box members 650 and 670, respectively. Consequently, upon power tight
make-up, if any interference is present, the thread metal tends to move due to Poisson’s
effect causing the load flanks to butt up and engage. The interference will vary
depending upon the pipe diameters and the grade of the pipe. = With reference to Figure
9A, preferably, the diametrical interference is maximized at thread sections 902 and 904
adjacent center-shoulder seal 910 and is gradually reduced to a minimum at thread
sections 906 and 908 at the terminal ends of connection 900A. This gradual reduction
in diametrical interference is designed to protect the thin walled member thread sections
such as 934 of pin member 950 at the terminal ends of the connection. The larger cross-
sectional areas adjacent the center-shoulder seal 900A are more rigid and therefore can
have greater diametrical interference and absorb greater hoop stress. The cross-sectional
areas of both pin member 950 small step and the box member 970 large step adjacent
each side of the center shoulder seal 910 are designed to be approximately equal. The
inner diametrical interference between the thread crests and roots is controlled to achieve
linear stresses in the greater cross-sectional area of the box and pin members as well as
achieve linear stresses at the thinner cross-sectional areas of the pin and box members
adjacent their terminal ends. A certain amount of diametrical interference is required to
achieve a tight interengaging fit of the threads. The general rule is that the interference
will vary between .001 and .002 inches per inch of diameter, with less interference at the
terminal ends of the connection than adjacent the center-shoulder seal.

The preferred center seal is one that is isolated to the loads placed on the pipe

string. In other words. center shoulder seal 910 of connection 900A should remain stable
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. Figure 10A is an enlarged view of a center shoulder seal 1000 which is shown in
the ;mbodimem of the overall connectior of the present invention illustrated: in Figure
4. Assembled center shoulder seal 1000 is a locked double shoulder seal made up from
first center shoulder configuration 1010 on pin member 1014 and from second center
shoulder configuration 1030 on box member 1034.

Figures 10B and 10C show first center shouider configuration 1010 of pin member
1014 and second shoulder configuration of 1030 of box member 1034, respectively.
Each connection member comprises a ramp, 1016 on pin 1014 and 1036 on box 1034.
The center shoulder configuration 1010 of connection pin member 1014 comprises
shoulder 1020 having first undercut surface 1028, first metal-to-metal sealing surface
1018, second metal-to-meta! seals.g surface 1022 and third metal-to-metal sealing surface
1024. The ceziter shoulder configuration 1030 of connection box member 1034 comprises
shoulder 104/ having second undercut surface 1048, fourth metal-to-metal sealing surface
1038, fifth metal-to-metal sealing surface 1042 and sixth metal-tc -metal sealing surface
1044. |

Upon assembly of center shoulder seal 1000, first sealing surface 1018 on center
shoulder configuration 1010 of pin configuration 1014 is lined up and guided into position
on corresponding first ramp 1036 of box center shoulder configuration 1030.
Simultaneously, fifth sealing surface 1042 on box member center shoulder configuration
1030 is lined up and guided into position on corresponding second ramp 1016 of pin
member center shoulder configuration 1010. As the assembly progresses, a metal-to- .
metal seal is created at three locations: between first sealing surface 1018 of pin center
shoulder configuraton 1010 and fourth sealing surface 1038 of pin center shoulder
configuration 1030; between second sealing surface 1022 of pin center shoulder

configuration 1010 and fifth sealing surface 1042 of box center shoulder configuration



in diametrical interference is designed to protgC
thread sections such as 934 of pin nenber 950 a
connection. The |l arger cross- sectional areas aq]
seal 900A are nore rigid and therefore can havejgjeg ¢rF% chl

I nterference and absorb greater hoop stress. Th ross-secti’ona reas of
both pin nmenber 950 small step and the box nenbgr

equal . The -inner diametrical interference between the Threat-e
roots is controlled to achieve |linear stresses in the greater

cross- sectg30aindabewveeh tifPsdalng idade I2ARSTIRH Semer YRlulder oAt RiraNGn L0 Tear
stresses at the thinner cross-sectional areas of the pin and box nenbers

adj acent embpixth saaling surfaged K044 /0fchaxt canterasmoulder configuraden 1@30. i nterference
is required to i eV, tight i.nterengaaging.fit of .the threads he.

general rule i yaq% Ea@“?@wF%ﬁg'P‘f‘é‘PégPé‘l\%}gﬁ OeglFfsﬁeé?VE%ﬁomﬁﬁﬁoﬁntae Iﬁg*l’g _
i nches  pegurfitelofShosl e TEI2 conttcds witie ifst LREGEHEIRREE 1648 bl Bok BieMiveRkeffds of
t he connection than adjacent the center-shoul der seal. The preferred center

seal is oskouldesiconfguratprd 630, twhilehbe lesding surfase ®f shoulder H)4fecontacts second
undercut surface 1028 of pin member center shoulder configuration 1010, thereby

creating two additional zero clearance sealing surfaces.

Thus, a total of three metal-to-metal seals and two zero clearance seals are created
during assembly (make up) of the connection.

Typically a thread compound will be used on the threaded surfaces of the
connection, as previously described, to bridge any surface defects and clearances less
than about 0.005 inches.

The preferred embodiments of the present invention, as described above and
shown in the Figures are not intended to limit the scope of the present invention, as
demonstrated by the claims which follow, since one skilled in the art can, with minimal

experimentation, extend the scope of the embodiments to match that of the claims.



string. In other words, center shoul der seal 910 of connection 900A should

remai n stable - 45 - and insensitive to varying | oads placed on the
connection. The | ocked doubl e shoul der seal shown at 910 of connection 900A
i ncl udes redundant sealing systens, i.e. a nmultipli I met-ak-LQ- et al
seals, to achieve an effective sealing engagenent s l‘-ggEMEWeSHE@‘ does

not deactivate. upon the application of various | oads
as internal and external pressure, axi @7 tension or

torsional and bendi ng nonents. Figure 10A is an enl [ ajcenter
shoul der seal 1000 which is shown in the enbodi nen

connection of the present invention idjl, ated ini d
center shoul der seal 1000 is a | ocke oubl e shoul der rom

What is claimed is:

1. A tubular connection comprising at least two members, wherein each
member comprises at least two threaded sections having a center seal configuration
dispesed between said at least two threaded sections, said connection also comprising:
at least one stabilizing thread section present on each connection member adjacent said

center seal configuration, said stabilizing thread section comprising a run-out thread.

2. The tubular connection of Claim 1, wherein said connection comprises two
tubular members, each member having said run-out thread located adjacent isaid center
shoulder seal configuration on that portion of the connection member at which the tubular
wall thickness is less. .

3. The tubular connection of Claim 1 or Claim 2, wherein the tubular member
corresponding with the member having said run-out thread slection includes full-height

lead-in thread at its location corresponding with said run-out thread.

4, The tubular connection of Claim 3, wherein each connection member
includes a thread relief groove located between said center-shoulder seal and said full

height lead-in thread section.

5. The tubular connection of Claim 1 or Claim 2, wherein the tubular member
corresponding with the member having said run-out thread section includes a run-in

thread section at its location corresponding with said run-out thread section.

6. The tubular connection of Claim 1 or Claim 2, wherein each member’s at

least two threaded sections having a center seal configuration disposed between them are

comprised of a two step thread. -
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first center shoul der configuration 1010 on pin gmremnber fom second
center shoul der configuration 1030 on box nenber MGEMEQIEI.I"(% :_Ia and 10C
show first center shoul der configuration 1010 of pl n nenber 101 nd second
shoul der configuration of 1030 of box nenber 1034,| rgspecgi®gery| Each
connection member conprises a ranp, 1016 on pin {1014 and 1036 o ox 1034.
The center shoul der configuration 1010 of conneqti’ 1914

conpri ses shoul der 1020 having first urfidercut syrface 1028, first

metal -to-netal sealing surface 1018, second netal-to-netal sealing surface

1022 and third, net -to- tal sealing._s rfa%e 1024. . The center setguld
configuration 1030 b€ ¢ C‘E‘?‘B‘ﬁcm ﬁéﬁ%‘@f 1 PRI RG &Ask ARG REEROR 40 -

having s ﬁ%&lﬂzx%%—%ﬁé th%&rdfs%ﬁﬁ &Qf’@n ei Hbt Qd%@é@éach%dﬁﬁé&ionsﬁ&hbé}g surface
1038, fifth netal -to-netal sea I ng sur ace and sixth netal -to-netal
seal ing surface 1044. Upon assenbly of center shoul der seal 1000, first
seal i ng surfacg 10 on center shoul d configuration 10

0

of pin,..
confi guration S PYERET COPIERROM OF ST e GOBRIATRAL least oné aditional

stabilizing run-out thread section at an exterior edge of each connection member.

- 9. The tubular connection of Claim 5, comprising at least one additional

stabxhzmg run-out thread section at an exterior edge of each connection member

10.  The tubular connection of Claim 1 or Claim 2 wherein said center-shoulder

seal comprises a locked double shoulder configuration.

11. The tubular connection of Claim 3, wherein said center-shouider 'senl

comprises a locked double shouider configuration.

12.  The tubular connection of Claim 4, wherein said center-shoulder seal

comprises a locked double shoulder configuration,

13.  The tubular connection of Claim 5, wherein said center-shoulder seal

comprises a locked double shoulder configuration.

14.  The tubular connection of Claim 6, wherein said center-shouider seal

comprises a locked double shoulder configuration.

15.  The tubular connection of Claim 7, wherein said center-shoulder seal

comprises a locked double shoulder configuration,

16.  The tubular connection of Claim 8, wherein said center-shoulder seal

comprises a locked double shoulder configuration.

i




on corresponding first ranp 1036 of box center sh
Si mul taneously, fifth sealing surface 1042 on box
configuration 1030 is lined up and guided into po

second ranmp 1016 of pin nmenber center shoul der co
assenbly progresses, a netal-to- netal seal is cre¢ate
between first sealing surface 1018 of pin center $hé
1010 and fourth sealing surface 1038-of9prn cente

1r

shoul der configufation

| bc tlons:

1030; between second seal ing surface 1022 of pin cemter—shourder
configuration 1010 and fifth sealing surface 1042 of box center shoul der .
configuration 17.-4FheCQubuiys connectidnt afb @aim Sorwhereinospid gepier-showjder seal

comprises a locked double shoulder configuration.

18.  The tubular connection of Claim 1 or Claim 2, wherein the profile of said

threaded sections is double hook or single hook.

19.  The tubular connection of Claim 7, wherein the profile of said threaded

sections is a double hook or a single hook thread profile and wherein the stab flank of

full-height threads is chamfered.

20.  The tubular connection of Claim 9, wherein the profile of said threaded

sections is a double hook or a single hook thread profile, and wherein the stab flank of

full-height threads is chamfered.

21.  The tubular cqnnection of Claim 15, wherein the profile of said threaded

sections is a double hook or a single hook thread profile, and wherein the stab flank of

full-height threads is chamfered.

!

22.  The tubular connection of Claim 17, wherein the profile of said threaded

sections is a double hook or a single hook thread profile, and wherein the stab flank of

full-height threads is chamfered.

23.  The tubular connection of Claim 1 or Claim 2, wherein the profile of said

threaded sections is a double hook, and wherein the absolute sum of the positive stab

- flank and negative load flank angle is less than 5 degrees.

24.  The tubular connection of Claim 9, wherein the profile of said threaded

sections is a double hook, and wherein the absolute sum of the positive stab flank and

negative load flank angle is less than 5 degrees. ——

This Sheet 1

Wi i:



at | east two connection nenbers; each said connegt+t+on 5: @r B I ng at
| east two threaded sections of threads having st; bREMACE s{ and a
centre shoul der di sposed between said at |east t readed sect{ohs; said
centre shoul ders engaging to forma centre shoul de sgqlpg@mﬂgu ation;
characterised by: said at |east two threaded sect]i qns i ncl udi ng at }l east
one run-out thread section present on each connedti member and engagi ng
t hreads on the other connection nmenber$0said at Ileast one_run-out-#hread

section being adjacent said centre shoul der seal TORNTIguration; and said

centre shoul deys bej

ntre sh%uld

ng arranged to forma ¢ er. seal.
confi guration 4tavin eatuﬁvla% 88’?‘139“% oggﬂﬂii“nbﬁ wherein the protile of said threaded

sections is a double hook, and wherein the absolute sum of the positive stab flank and

negative load flank angie is less than 5 degrees.

26.  The tubular connection of Claim 1 or Claim 2, wherein the profile of said
threaded sections is a single hook, wherein the negative load flank angle is less than 15
degr_ees, and wherein the stab flank angle ranges from zero degrees to a negative angle

of about 35 degrees.

27.  The tubular connection of Claim 9, wherein the profile of said threaded
sections is a single hook, wherein the negative load flank angle is less than 15 degrees,
and wherein the stab flank angle ranges from zero degrees to a negative angle of about

35 degress.

28.  The tubular connection of Claim 17, wherein the profile of said threaded
sections is a single hook, wherein the negative load flank angle is less than 15 degrees,
and wherein the stab flank angle ranges from zero degrees to a negative angle of about

35 degrees.

29.  Thetubular connection of Claim 27, wherein said negative load flank angle
is less than 4 degrees, wherein the absolute sum of said negative load flank angle and
said stab flank angle is less than S degrees, and wherein said stab flank of full-height
threads is chamfered.

30. The tubular connection of Claim 28, wherein said negative load flank angle
is less than 4 degrees, wherein the absolute sum of said negative load flank angle and

said stab flank angle is less than 5 degrees, and wherein said stab flank of full-height

thread is chamfered.
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surfaces. 2. A connection according to claiml, ads are
vari abl e wi dth threads having progressively incre SRE@ACEMEWH SHEETh and
the thread crests of the threads are w der than t fejadj hd| root s
3. A connection according to claim1, wherein s&id %ﬁéﬁq WI delf seal
configuration conprises a | ocked doubl e shoul der ¢omnfi A
connection according to claim1, wherein said centr é~shoulde .
configuration is a hook shoul der withk &lf Fustum s¢al . A connec. I on
according to claim 1, wherein said threads have ank

angl e f1om neashy argg S eRRelHof i onTorBElE RindlRiic iRl REREN 2

seal is selected from the group consisting of a locked double shoulder, square shoulder,
hook shoulder, square shoulder with a frustrum seal, annular shoulders, shoulder
comprising grooves or an annulus having an axial undercut, and shoulczars designed to .
extrude a portion of their mass laterally into ﬁdjacent grooves upon assembly of the

connection.

32. A tubular connection comprisir., two tubular members, wherein each
connection member comprises threaded sections having a2 center shoulder seal
configuration disposed between two of said threaded sections, each tubular member also
comprising: a first run-out thread section adjacent said center shoulder seal configuration
and located at the more thin-walled portion of said tubular member which is adjacent said
center shoulder seal configuration; a second run-out thread section adjacent a terminal end
of each tubular member, and located at the more thin-walled terminal end of said tubular
member; and, corresponding run-in threaded sections on each tubular member, which
run-in threaded sections are located to correspond with run-out threaded sections on the
corresponding tubular member.

33. The tubular connection of Claim 32, wherein said center shoulder seal

configuration comprises a locked double shoulder configuration.

34. A tubular connection comprising at least two members, each of which

comprises a locked double shoulder configuration.

35. A tube and coupling connection wherein at least two members of said

connection comprise a locked double shoulder configuration.
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stab flank angle from zéro degrees to about 2 ¢e - -
connect i 9} REUIBOIRE aim1, further includi MEEMEM@@ S

for centri i on menber with respect
nenber . 7JE“&MHHMI}K n according to claim1;
t hr eaded I"le full height threads \V

full -height threads being chanfered. 8. A conng

o the other cpn
vhez ¢IFES 9T af
M th the stab fl an
cttomaccordi ng t

6. A
fab flank
hecti on
east two
kK of said
b claim1l,

wherei n each sai d connection menber Tn¥?utles a

run-in thread. s

i on

opposite

36. A method of stabilizing a tubular connection which comprises at least two
tubular members, with each member having at least two threaded sections and having a
center seal configuration disposed between said at least two threaded sections, said
method comprising:

utilizing a run-out thread section adjacent said center seal configuration on
each connection member, and locating said run-out thread section at the portion of said

member, adjacent said center seal where said member wall thickness is less.

37.  The method of Claim 36, including utilizing an additional run-out thread

section near a terminal end of each connection member.

38.  The method of Claim 36 or Claim 37, including utilizing a run-in thread
section on each corresponding member at the location corresponding with said run-out

thread section,

39. A thread for use in tubular connections, said thread _comprising a
chamfered stab flank as the stab flank for at least the individual thread members which
come into contact upon initial telescoping of a pin member into a box member of said

tubular connection.

- 40.  The thread of Claim 39, wherein the height of said chamfer is about equal
to the step height from the preceding load flank to said stab flank.

41.  The thread of Claim 39, wherein said load flank angle is a negative angle
of less than 15 degrees.

42.  The thread of Claim 41, wherein said stab flank angle ranges from a

negative angle of less than 8 degrees to a positive angle of less than 8 degrees.

43.  The thread of Claim 42, wherein said stab flank angle ranges from an

angle of zero degrees to a positive angle of less than 3 degrees.



said run-out thread section on the other connect

connection according to claim1, wherein each s3

i ncl udesTias Shedt Had Bk latddr ead section opposite s
]

on the ot menber. 10. A connecti on
wherein s menbers each have traili
|

at | east one a tlongl run-out thread section |

| REPORCEMENT SHEET

seal configuration and said trailing-esgl of eact

er

section

i ncl ude
shoul der
11. A

connection according to claim1, wherein each said connection nenber
sai d .run-out .t hread

i ncl udes a | eadjn erm na .and_a trajling end, .
section being ‘g‘if igr e %ﬂ%ﬂ?&gﬁ%% %B@F%%Weg%ﬁfﬁk%s‘ﬂgtm REAUVE e r o

shoul der flank angle and said zero degree to positive stab flank angle is less than 5 degrees.

45.  The thread of Claim 44 wherein said stab flank angle is essentially a zero

degree angie.

' 46.  The thread of Claim 43, Claim 44 or Claim 45, wherein said thread is a

variable width thread having progressively increasing thread width.

47.  The thread of Claim 46, wherein the height of said stab flank chamfer is

about equal to the step height from the preceding load flank to said stab flank.

48. A tubular connection member comprising at least two threaded sections and

having a center shoulder seal configuration disposed between said at least two threaded
sections, said connection member also comprising at least one stabilizing thread section
- adjacent said center seal configuration, said stabilizing thread section comprising a run-
out thread.

49. The tubular connection member of Claim 48, wherein ‘said member
includes a second run-out thread section at an exterior edge of said connection thread

sections.

50. The tubular connection member of Claim 48 or Claim 49, wherein said

center-shoulder seal configuration comprises a locked double shoulder configuration.

S1.  The tubular connection member of Claim 48 or Claim 49, wherein said
threaded sections include a thread profile having a negative load flank anglé of less than
15 degrees and a stab flank having an angle ranging from a zero degree angle to a

positive angle of less than 10 degrees.



seal configuration and said | eading term nal
menber f urt-her—+netudi ng a second run-out th
traili nmend of eac onnect i on menber and r\

conne ted opposite said first
m r connection menber. 12.
rr said at | east two

clalm

(2] G::h "Sal d connecti on
egﬁMon jacent the

ln%‘fn t hreaded sections on each

ndz $e€EBAIIn- olit t hreaded

sectlo
first menber haV|ng a first centre shoskder 4

Alconnection_acgofding to
C cti1on nenbersg include a
nd _a havi ng a

second centre shoulder; said first centre shoulder including a first

shoul der

52, The tbular connection member of Claim 51, wherein at least the full .
height thread stab flanks which will come into contact upon initial telescoping of a

connection pin member into a connection box member are chamfered.

53.  The tubular connection member of Claim 52, wherein the height of said
chamfer is about equal to the step height between the preceding load flank and said
changéred stab flank.

54.  The tubular connection member of Claim 53, wherein said thread is a

variable width thread having progressively increasing width.

55.  The tubular connection member of Claim 50, wherein said th;'eaded
sections include a thread profile having a negative load flank angle of less than 15
degrees and a stab flank having an angle ranging fnbm a zero degree angle to a positive
angle of less than 8 degress.

56.  The tubular connection member of Claim 55, wherein at least the full
height thread stab flanks which will come into contact upon initial telescoping of a

connection pin member into a connection box member are chamfered.

57. The tubular connection member of Claim 56, wherein the height of said
chamfer is about equal to the step height between the preceding load flank and said
chamfered stab flank.

58.  The tubular connection member of Claim 57, wherein said thread is a

variable width thread having progressively increasing width,



and a first undercut surface and said second centr gam_m(}gmgmrmigg i hg a
second shoul der and a second undercut surface. 13. [Areerrect+en-accol di
to claim12, wherein at |east one of said first and ge fg}é@&de
seal ingly engages one of said first and second und rjut . 14
connection according to claim 12, wherein said fir$tlshoulder. inclidps a
first exterior sealing surface and sai 5fi-rst undefcut surface inclufles a
first interior sealing surface; sai d second shoul d i w5060 d
exterior seal ipg. A ) ! surfacg g!ﬁdes a second
interior seal . 7 G 3 i or X
seal i ng surfaces forms a rretal-to nm]r__ with one of said first and -
second interior sealing '

The present invention pertains to a tubular connection
(100) having a stabilized centre-shoulder seal (104). The
stabilization of the centre-shoulder seal is achieved using
at least one run-out section (114, 110) of thread adjacent
to the centre-shoulder seal configuration of each
_éonnection member. The run-out section of thread is
' typically used in combination with run-in section of thread
on the corresponding connection member. Preferably, the
centre-shoulder seal configuration of each connection
member is positioned between a run-out threads section and
a run-in section. (The corresponding connection member will
comprise the corresponding sections of run-in and run-out
threads, respectively, so there is an interengaging set of
run-in and run-out threads). Even more preferably, in
addition to the connection having one set of run-out and
run-in thread sections adjacent to the centre-shoulder
seal, the connection has a second set of run-out and run-in
threads adjacént to the exterior edges of the connection (A
double run-out, run-in stabilization of the centre-shoulder
seal) . The double set of run-ocut, run-in sections of thread
provides the most stable connection. The most preferred
centre-shoulder seal design is a "locked double shoulder™®
design (119), wherein the cross section of the assembled
centre-shoulder area exhibits an interlocking double
shoulder configuration. The most preferred thread profile
is a single hook thread profile wherein the load flank
angle is a negative angle and the stab flank angle is about
zero degrees. The preferred profile chamfered gtab flanks
at least at locations which will come into contact upon
initial telescoping of a connection pin member into a
connection box member. The thread is typically a wvariable
width thread having a progressively increasing thread width
throughout a continuous section of thread. T e—
This Sheet Has B
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15. A connection according to claim 14,
second exterior and interior sealing surfaces are
16. A connection according to claim 12,
second undercut surfaces each have a portion there
engages said second and first shoul ders respective
according to claim 12, wherein said first shoul der
surface forma first surface extendi ng tlher ebet wee
surface :
bei ng forned between said first
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said first and second interior ranp surfaces.
to claim18, wherein said first
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and second connection nenbers include ranp surfaces for alig

guiding said first and second exterior ranp surfaceg.liie—se

engagenment with said second and first interior ranp s

20. A nethod of stabilizing a tubular connection hali east t

connection nenbers, each with a centre shoul der, theg q:@a’ﬂct rised
e o

ni ng and.

by the steps of: threading a run-out thread sectionio t he

end with a thread section on the other connection nej >
run-out thread section on the other connecti on nenbe d between its.
centre shoul der and leading terminal with a thread section on the one of
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connection nmenbers; and, engaging the centre shoulder"%
bet ween the two connection nenbers, the seal having ajp

’ S
EMENTf SHEEXI | ng

surfaces. 21. The nethod of claim?20, wherein the thre¢ag sections ™gafi ng
with the run-out thread sections are run-in thread segt odggpg?-qg?)- P5.
The tubul ar connection of Caim1l7, wherein the profifefof said tHfeaded
sections is a double hook and wherein the absol ute su T st ab

flank and negative load flank angle is #&ess than 5 d ees.
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26. The tubul ar connection of aim1l or Aaim2, wherein the profile of
said threaded sections is a single hook, wherein the negative | oad 3
angle is less than 15 degrees, and wherein the stab f
zero degrees to a negative angle of about 35 degrees. ] =
connection of Claim9, wherein the profile of said tHrdaded secti g
si ngl e hook, wherein the negative load flank angle isf llesg ¥ REB ddgrees,
Feles to a negatl

angl e of about 35 degrees. 28. The tubul ar connecti pn
wherein the profile of said threaded sections is a si

the stab

negative |load flank angle is | ess than 15 degrees, and wherein
flank angle ranges fromzero degrees to gative angl e of about 35
degrees. 29. The tubul ar connectioﬂ—eifigqy4n4}K, wherein said nédative

| oad flank angle is less _tha
negative | o




said stab flank angle is |l ess than 5 degrees, and wherein said stab flank

of full-height threads is chanfered. 30. The tubul ar connection of C aim
28, wherein said negative load flank angle is less than 4 d erein
t he absolute sum of said negative |oad flank angle . tgﬁﬁtéhﬁiTa k
angle is less than 5 degrees, and wherein said sta i “hel ght

thread is chanfered. REPLACEMENT SHEET - 51 - 31%. The_t nggr
connection of aim1 or Oaim2 whereit said centdr-lsh@ad Eﬁa I
sel ected fromthe group consisting of a | ocked doubj ej shoul d
shoul der, hook shoul der, square shoulder with a frugtram seal, annu
shoul ders, shoul der




conprising grooves or an annulus having an axi al

under cut, and shoul ders

designed to extrude a portion of their mass laterally into adjacent grooves

upon assenbly of the connection. 32.
t ubul ar nenbers, wherein each connection ne
havi ng a center shoul der seal
t hreaded sections, each tubul ar
thread section adjacent said center sholl der
at the nore thin-walled portion of said tubul
sai d center shoul der seal configuration;
adj acent a term nal end of each tubular

configuration d
menber al so ¢

A tubul rising, two
IREPRACEMENTS SHERTedded secti ons
S t of said
i rist{ run-out
ehl ipnt and | ocat ed
r | st adj acent
a seg¢ond run-out threaf section .
nmenbete—and-tocated” at t nor e

thin-wall ed term nal end of said tubular nenber; and, correspond4 g run-in

t hr eaded secti ons on each tubul ar nenber,

which run-in thread

secti ons

are located to correspond with run-out threaded sections on e
correspondi ng t ubutat meTber—S3" he .
_nt e s~oulser

wherein said ea

eerhrestien. of Caim32,

FIG. 7A

FIG. 7B + FIG. 7C
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configuration conprises a | ocked doubl e shoul der configuration. 34. A
tubul ar connection conprising at |east two nenbers, eac ' |
a |l ocked doubl e shoul der configuration. 35. A tube anfl BERULACEMENT SHEET
connection wherein at | east two nenbers of said connectfofi COMprise—a—

| ocked doubl e shoul der configuration. - 52 - 36. nget
t t%ﬁfﬁhm ‘
i N

stabilizing a tubular connection which conprises at |le
menbers, with each nmenber having at | east -two t hreaded gél
a center seal configuration disposed between said at |

sections, said nmethod conprising: utilizing a run-out tRhreat sect+on
adj acent said center seal configuration on
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each connecti on nenber,

and |l ocating said run-out thread section at the

portion of said nenber, adjacent said center seal where said nenber wall

thi ckness is | ess. 37. The met hod of C aim 36, incl

e nd’ ORERCACEMENT SHEET dn
I ncy ugh-mrg=tttiz 3

addi tional run-out thread section near a term nal

menber. 38. The nethod of Caim36 or Caim37,

run-in thread section on each correspondi ng nenber atéthe Iggﬁ&%g&v

corresponding with said run-out thread9section. 39. Al tgﬁ usie in

t ubul ar connections, said thread conprising a chanferad.sLabMLLankﬁaJ tihe

stab flank for at |east the individual thread nenbers§which cone into .
t el escopi ng of a pin nenber into*~a—pox—menber—of—~%aid

contact upon initial
t ubul ar connection. 40.
said chanfer is about equal
flank to said stab flank. 41.

flank angle is a negative angle

The thread of C aim 39, wherein the height of
to the step height fromthe preceding | oad
The thread of C apm% wherein said | oad

908 \ 904‘ 9!10 992 ( 9106 9170 -——
K 71 ] —
S kezaryl \ —
— i} — /
— ) \ _ -
" 0 "y
-/
. / \
- 14 -
Y i |
5 |
950 908 904 g1p 902 | 906 /
(_ ) ) | ) 934] Z /
| \ vV o/ N /
;\\-\\-' 0y v r' ;

\\\\\\\ A
/

L

N~
5,

f-

t
‘L 900A \




of less than 15 degrees. 42. The thread of Oaim41, wherein said stab

flank angle ranges froma negative angle of |ess than 8 degrees to a

positive angle of |ess than 8 degrees.

wherein said stab flank angle ranges from an angl e of {ze

positive angle of |ess than 3 degrees.

thread of O ai m 43, wherein the absol ute sumof said negat 2yieFEBa19971 2
angl e and said zero degree to positive ¥tab fl ank anglie is less than §
degrees. 45. . The thread of C aim44 wherein said stab

4
'
]

essentially a zero degree angle.

43. The t hr edd

REPLACEMENT 'SHEET -53- 44.
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pr—-Feret o gaid, thiread is
a variable width thread haV|ng progressi vel y |ncr-aﬁﬁiéfﬂﬁE¢?QPﬂ%¥ﬂ © 47,

The thread of C aim46, wherein the height of saif. nfer is

about equal to the step height fromthe preceding! | Fsial jd st ab
flank. 48. A tubul ar connection nenber conpri si g t-hreaded
sections and having a center shoul der seal confi guf Sposed ‘Het ween

said at |east two.threaded sections, sa¥ Tonnect ﬁHLJEuﬂmu a¢§Q canpri sing
at | east one stab|I|2|ng thread section adj acent &sa =
configuration, said stabilizing thread section conprising a run- out

thread. 49. The tubul ar connecti on nenbﬂmoof Cl aim 48, wherein said

menber includes a second run-out th+ead—section-at—an exterior edgggqof said

connecti on thread sectlons 50. The tubular connectlon nenber ofy Cl ai m 48
or Claim 49, A : sakd sente houl-deq conf i gurati-en=cqnprises a
| ocked doubl i
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51. The tTlﬁibﬁlISaiEEE gﬁ;m menber of €f&ai m 48 ériﬂ’d)amm-ﬁl& ﬁEl\irs «% PG
t hr eaded g thread profile havin @’ﬂeggm ve. ’lQag é?nk"ited.:..
angl e “of eps and a stab flank hhvEiman, 0.91 e, rangl ﬁgtff‘f Ed .
a zero degree angle to a positive angle of |ess [Hakpkgs¢ egrees ged ...,
52. The tubul ar connecti on nenber of i m 51,1 wherel nat Keast- tlﬁ@i‘tgéd .....
hei ght thread stab flanks which will cone“into o rér#igcn i nitial

tel escoping of a connection pin nenber into a c j Wﬁ@ﬁbeﬁﬁm’,@f _____

chanfered. 53 The tubul ar g@nnect on ne wher. el n [nc

o ont o TEMReTsn Hh P AL AES Sange R S g R oRs e Risrt Sy bt &
precedi ng 4eiddithaal dasigh HRindokdipddFigeehahath 4d Bt one side of a stop shoulder.

U.K. Patent Specification 137,777 of W. Pickard, published in 1920, shows a
variety of thread designs which can be used to connect two or more parts or objects
laterally or which, on entering a material, will become anchored therein and resist
separation in all directions at right angles to the longitudinal axis of the connection. Fig.
8 of the disclosure shows a single hook thread profile. Fig. 10 shows a double hook
thread profile.

U.K. Patent Application of K. Maruyama, published November 4, 1981, describes
a fluid tight thread joint for oil or gas well pipes. The joint combrises box and pin
members; the thread on the pin starts from the pin end as a rounded triangular thread and
Decomes a buttress thread; the thread on the box member is formed in a correspondmc

manner.

g ko Hee e of claim 4 w cisdesed tn US-A~L 524 C4%2.
A dubular conneckion accomy pras i o

DEFINITIONS

For convenience and accuracy of description, the following definitdons have been

adapted for use in describing the connection of the present inventon.

The "pin member” of a connection is understood to mean the male portion of a
mbular member which is threaded on its external surface to be interengaged with threads
on a box member to provide a connection. -

~ The "box member” of the connection is understood to mean the female portion
of a tubular member which is threaded on its internal surface to be interengaged with
threads on a pin member to provide a connecdon. -

A connection having a "two-step thread” is understood to mean a connection
having two threaded portions wherein one threaded portion has a greater radius from the
longitudinal axis of the pipe than the other threaded porton.:

A "center shoulder seal” is understood to mean a se!ction of a connection disposed
between at least two threaded portions, which section exhibits directly contacting surfaces
between the pin and box members, or betwesn the pin and box members and a third
component such as an annular sealing sleeve, so that the section provides a seal for

preventing the passage of fluid through (across the threads of) the assembled connection.

et Has Been Re
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'54. ° The tubul ar connection nenber of C aimb53, wherein said thread is a
variable wi dth thread having progressively increasing w dth. 55. The

t ubul ar connection nmenber of C aim50, wherein said threaded sections
include a thread profile having a negative |oad flank angle of |ess than 15
degrees and a stab flank having an anghg ranging froma zero degree angle
to a positive angle of |ess than 8 degrees. 56. The tubul ar connection-

rotber o, CHBUBIE oHSSROLE,S) LR, {omrill sk leageh o1t Sl
menber i nt o%eéPﬂOWhSE?iﬁgﬁﬁﬁre%%r%H‘éﬁﬁf@%d& g%_readTﬁg ‘?Ebfﬁaﬁt i
COﬂnFC:LOPhgﬁﬁbg@ﬁ?ﬁﬂ%gﬁﬁniﬂieaduﬂééétﬁiuﬁﬁﬁégﬁﬁmpﬁeﬁeﬂﬁ efmeofpassed about
Chant er od o a8 T, he’ S 8T RETohEToR ER8 bieL (A8 Lodhind i Mitdber
wher ei n sai dhreaskedl isecticay+ abl e wi dt h-t hread havi ng progressively
increasing Wdthp sjead-in thread” is understood to mean a starting
potion of full-height or nearly full height threads which
are machined on a taper to the longitudinal axis of the
tubular member and beginning adjacent to the center
shoulder seal configuration. In an assembled tubular
connection, a lead-in thread on a pin member or box member
corresponds with a run-out thread on the corresponding box
member or pin member, respectively.

In accordance with the present invention, there is
provided a tubular connection comprising:

at least two connection members;

each said connection member including at least two
threaded sections of threads having stab and load flanks
and a centre shoulder disposed between said at least two
threaded sections;

said centre shoulders engaging to form a centre
shoulder seal configuration; characterised by:

said at least two threaded sections including at least
one run-out thread section present on each connection
member and engaging threads on the other connection member;

said at 1least one run-out thread section being
adjacent said centre shoulder seal configuration; and

said centre shoulders being arranged to form a centre
shoulder seal configuration having a plurality of sealing
surfaces.

A tubular connection comprising at least two
connection members and a center shoulder seal has been
developed in a manner which provides stabilization of the
centre shoulder seal and improved efficiency (strength of
connection/strength of tubular) of the connection.

Also in accordance with the present invention, there
is provided a method of stabilizing a tubular connection
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having at least two connection membéfs, each with a centre
shoulder, the method characterised by the steps of:

threading a run-out thread section on one of the
connection members located between its centre shoulder and
leading terminal end with a thread section on the other
connection member;

- threading a run-out thread section on the other
connection member located between its centre shoulder and
leading terminal with a thread section on the one of the
connection members; and,

engaging the centre shoulders to fork a seal between
the two connection members, the seal having a plurality of
sealing surfaces.

A center shoulder seal design which provides multiple
- metal-to-metal sealing surfaces is described. This seal
design comprises a locked double shoulder configuration.

Although the present invention can be applied to
connections comprising tubulars and couplings, the most
frequent use of the invention will be in the form of a
tubular connection comprising two connection members, and
thus the invention is described in this form below.

With reference to a tubular connection comprising two
connection members, namely a pin member and a box member,
the stabilization of the center shoulder seal is achieved
using at least one run-out section of thread adjacent to
the center shoulder configuration of each connection
member. Typically, the at least one run-out section of
thread is located adjacent the center shouldér
confiquration on that portion of the connection member at
which the wall thickness is less. The run-out section of
thread is typically used 1n combination with a run-in
section of thread on the corresponding
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The single hook thread exhibits a negative stab flank angle which ranges from

zero (0) degrees to about 45 degrees, and exhibits a negative load flank angle which
ranges from greater than O degrees to about 15 degrees. If the load flank angle is a large
negative angle, and the stab flank angle is less than the load flank angle, thereby
producing thread crests wider than adjacent thread roots, the use of a constantly
increasing thread width from the leading edge of the pin, as described above for a double
hook thread, may be necessary to permit proper interengagement of the pin and box
members of the connection upon initial telescoping (stabbing).

A more preferred single hook thread profile, due to ease of machining, is the
profile wherein the negative load flank angle ranges from greater than O degrees to less
than 5 degrees and :h&ééﬁaﬁe stab flank angle ranges from zero degress to about 2
degrees, with the absolute sum of the angles being less than 5 degrees. When these
reduced neastve Joad flank and stab flank angles are used, it is not necessary to use
constantly increasing thread width to permit interengagement of connection member
threads. The necessary clearance is provided by making the thread crests narrower than
the thread roots,

" Figure 6C illustrates another thread profile embodiment 600C suitable for use in
the connection of the present invention. This thread profile is particularly suitable for
a connection having a center-shoulder seal (such as the locked double shoulder) in
combination with a single run-out thread and full height lead-in thread on the
corresponding member, on each side of the center-shoulder seal. The thread profile of
full height threads from a portion of the pin member 690 is another embodiment of a
single hook thread as it would appear within the threaded tubular section of the present
invention. This particular embodiment of a sin gle hook thread features a load flank 694
of pin member 690 thread which exhibits a large negative angle § and a stab flank 692
which exhibits a large negative angle «. Generally, angle « is greater than angle 8, and
consequendy, dimensions can be formulatad with flank to flank (load to stab) bearing
threads, having clearance between thread roots and crests, for example, with clearance
between root 696 of pin member 690 and crest 699 of box member 698. This is in
contrast with the double hook thread of Figure 6A and the single hook thread of 6B,
which are more suitable in a form wherein the thread roots and crests provide bearing

surfaces with clearances between corresponding stab and load flanks. Flank to flank
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CLAIMS

1. A tubular connection comprising:

at least two connection members;

each said connection member including at least two
threaded sections of threads having stab and load flanks
and a centre shoulder disposed between said at least two
threaded sections;

said centre shoulders engaging to form a centre
shoulder seal configuration; characterised by:

said at least two threaded sections including at least
one run-out thread section present on each connection
member and engaging threads on the other connection member;

said at least one run-out thread section being
adjacent said centre shoulder seal configuration; and

said centre shoulders being arranged to form a centre
shoulder seal configuration having a plurality of sealing
surfaces.

2. A connection according to claim 1, wherein said
threads are variable width threads having progressively
increasing thread width, and the thread crests of the
threads are wider than the adjacent thread roots.

. 3. A connection according to claim 1, wherein said centre
shoulder seal configuration comprises a locked double
shoulder configuration.

4. A connection according to claim 1, wherein said centre
shoulder seal configuration is a hook shoulder with a
frustum seal.

5. A connection according to claim 1, wherein said
threads have a negative load flank angle from nearly a zero
degree angle to an angle of about 3 degrees and a positive
stab flank angle from zero degrees to about 2 degrees.

REPLACEMENT SHEET
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6. A connection according to claim 1, further including
a chamfered stab flank for centring one connection member
with respect to the other connection member.

- 48 -

7. A connection according to claim 1, wherein said at
least two threaded sections include full height threads
with the stab flank of said full-height threads being
chamfered.

8. A connection according to claim 1, wherein each said
connection member includes a run-in thread section opposite
said run-out thread section on the other connection member.

9. A connection according to claim 1, wherein each said
connection member includes a full-height thread section
opposite said run-out thread section on the other
connection member.

10. A connection according to claim 1, wherein said
connection members each have trailing ends and further
include at least one additional run-out thread section
between said centre shoulder seal configquration and said
trailing end of each connection member. |

11. A connection according to claim 1, wherein each said
connection member includes a leading terminal end and a
trailing end,. said run-out thread section being a first
run-out thread section located between said centre shoulder
seal confiquration and said leading terminal end, and each
said connection member further including a second run-out
threaded section adjacent the trailing end of each
connection member and run-in threaded sections on each
connection member located opposite said first and second
run-out threaded sections on the other connection member.

12. A connection according to claim 1, wherein: REPLACEMENT SHEET
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said at least two connection members include a first
member having a first centre shoulder and a second member
having a second centre shoulder;

said first centre shoulder including a first shoulder
and a first undercut surface and said second centre
shoulder including a second shoulder and a second undercut
surface.

13. A connection according to claim 12, wherein at least
one of said first and second shoulders sealingly engages
one of said first and second undercut surfaces.

14. A connection according to claim 12, wherein said first
shoulder includes a first exterior sealing surface and said
first undercut surface includes a first interior sealing
surface; said second shoulder includes a second exterior
sealing surface and said second undercut surface includes
a second interior sealing surface; whereby at least one of
said first exterior sealing surfaces forms a metal-to-metal
seal with one of said first and second interior sealing
surfaces.

15. A connection according to claim 14, wherein said first
and second exterior and interior sealing surfaces are
formed by bevelled surfaces.

16. A connection according to claim 12, wherein said first
and second undercut surfaces each have a portion thereof
which interferingly engages said second and first shoulders
respectively.

17. A connection according to claim 12, wherein said first
shoulder and first undercut surface form a first surface
extending therebetween and said second shoulder and second
undercut surface form a second surface extending
therebetween, and a seal being formed between said first

and second surfaces. -
REPLACEMENT SHEET

25 JUL B97




- IMER O HAR 101 h
- 30 - ‘ * £ L M s =

18. A connection according to claim 12, wherein said first
member further includes a first interior ramp surface
extending from said first undercut surface and a first
exterior ramp surface extending from said first shoulder
and said second member further includes a second interior
ramp surface extending from said second undercut surface
and a second exterior ramp surface extending from said
second shoulder, at least one of said first and second

exterior ramp surfaces interferingly engaging one of said
first and second interior ramp surfaces.

19. A connection according to claim 18, wherein said first
and second connection members include ramp surfaces for
aligning and guiding said first and second exterior ramp
surfaces into sealing engagement with said second and first
interior ramp surfaces respectively.

20. A method of stabilizing a tubular connection having at
least two connection members, each with a centre shoulder,
the method characterised by the steps of:

threading a run-out thread section on one of the
connection members located between its centre shoulder and
leading terminal end with a thread section on the other

connection member;
threading a run-out thread section on the other

connection member located between its centre shoulder and .
leading terminal with a thread section on the one of the
connection members; and,

engaging the centre shoulders to form a seal between
the two connection members, the seal having a plurality of
sealing surfaces.

21. The method of claim 20, wherein the thread sections
threading with the run-out thread sections are run-in
thread sections.
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members. A qplm comprises pin and box members each having a
stepped thread design of hooked configuration on at least one side of a stop shoulder.

U K. Patent Specification 137,777 of W. Pickard, published in 1920, shows a variety
of thread designs which can be used to connect two or more parts or objects laterally or
which, on entering a material, will become anchored therein and resist separation in all
directions at right angles to the longitudinal axis of the connection. Fig. 8 of the
disclosure shows a single hook thread profile. Fig. 10 shows a double hook thread profile.

- U.K. Patent Application of K. Maruyama, published November 4, 1981, describes
a fluid tight thread joint for oil or gas well pipes. The joint comprises box and pin
- members; the thread on the pin starts from the pin end as a rounded triangular thread and
becomes a buttress thread; the thread on the box member is formed in a corresponding
manner. |

A tubular connection according to the preamble claim 1 is disclosed in US-A-4 524

042.

DEFINITIONS -

For convenience and accuracy of description, the following definitions have been
adapted for use in describing the connection of the present invention.

The "pin member" of a connection 1s understood to mean the male portion of a
tubular member which is threaded on its external surface to be interengaged with threads
on 2 box member to provide a connection.

The "box member" of the connection is understood to mean the female portion of
a tubular member which is threaded on its internal surface to be interengaged with threads
on a pin member to provide a connection.

A connection having a "two-step thread" is understood to mean a connection
having two threaded portions wherein one threaded portion has a greater radius from the
longitudinal axis of the pipe than the other threaded portion. -

A "center shoulder seal” is understood to mean a section of a connection disposed
between at least two threaded portionsyahich section exhibits directly conracting surfaces
between the pin and box members, or berween the pin and box members and a third
.component such as an annular sealing sleeve, so that the section provides a seal for

preventing the passage of fluid through (across the threads of) the assembled co
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The single hook thread exhibits a negative stab flink angle which ranges from zero
{0) degrees to about 45 degrees, and exhibits a negative load flank angle which ranges from
greater than O degrees to about 15 degrees. If the load flank angle is a large negative angle,
and the stab flank angle is less than the load flank angle, thereby producing thread crests
wider than adjacent thread roots, the use of a constantly increasing thread width from the
leading edge of the pin, as described above for a double book thread, may be necessary to
permit proper interengagement of the pin and box members of the connection upon initial
telescoping (stabbing).

A more preferred single hook thread profile, due to ease of machining, is the profile
wherein the negative load flank angle ranges from greater than O degrees to less than 5
degrees and the negative stab flank angle ranges from zero degrees to about 2 degrees, with
the absolute sum of the angles being less than 5 degrees. When these reduced negative load
flank and stab flank angles are used, it is not necessary to use constantly increasing thread
width to permit interengagement of connection member threads. The necessary clearance
is provided by making the thread crests narrower than the thread roots.

Figure 6C illustrates another thread profile embodiment 600C suitable for use in
the connection of the present invention. The thread profile is particularly suitable for a
connection having a center-shoulder seal (such as the locked double shoulder) in
combination with a single run-out thread and full height lead-in thread on the
corresponding member, on each side of the center-shoulder seal. The thread profile of full
height threads from a portion of the pin member 690 is another embodiment of a single
hook thread as it would appear within the threaded tubular section of the present
invention. This particular embodiment of a single hook thread features a load flank 694
of pin member 690 thread which exhibits a large negative angle §§ and a stab flank 692
which exhibits a large negative angle a. Generally, angle @ is greater than angle £, and
consequently, dimensions can be formulated with flank to flank (load to stab) bearing
thread, having clearance between thread roots and crests, for example, with clearance
between root 696 of pin member 690 and crest 699 of box member 698. This is in
contrast with the double hook thread of Figure 6A and the single hook thread of 6B,
which are more suitable m a form wherein the thread roots and crests provide bearing

.surfaces with clearances between corresponding stab and load flanks. - aadeto flank
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STABILIZED CENTHE-SHOULDER-SEALED TUBULAR CONNECTION

ABSTRACT

The present invention pertains to a tubular connection
(100) having a stabilized centre-shoulder seal (104). The
stabilization of the centre-shoulder seal is achieved using
at least one run-out section (114, 110) of thread adjacent
to the centre-shoulder sea} configuration of each
connection member. The run-out section of thread is
typically used in combination with run-in section of thread
on the correépbnding connection member. Preferably, the
* centre-shoulder seal configuration of each connection
member is positioned between a run-out threads section and
a run-in section. (The corresponding connection member will |
comprise the corresponding sections of run-in and rumn-out
threads, respectively, so there is an interengaging set of
run-in and run-out threads). Even more preferably, in
addition to the connection having one set of run-out and
run-in thread sections adjacent to the centre-shoulder
seal, the connection has a second set of run-out and run-in
threads adjacent to the exterior edges of the connection (A
double run-out, run-in stabilization of the centre-shoulder
seal). The double set of run-out, run-in sections of thread
provides the most stable connection. The most preferred
centre-shoulder seal design is a "locked double shoulderv
design (119), wherein the cross section of th&@ assembled
centre-shoulder area exhibits an interlocking double
shoulder configuration. The most preferred thread profile
is a single hook thread profile wherein the load flank
angle is a negative angle and the stab flank angle is about
zero degrees. The preferred profile chamfered stab flanks
at least at locatiomns thch will come iqto contact upon
initial telescoping of a connection pin member into a
connection box member. The thread is typically a variable
width thread having a progressively increasing thread width
throughout a continuous section of thread.
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