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THREAD FORM WITH MULTIFACITED FLANKS

Description

Technical Field

The present invention relates generally to a thread form for
tubular connections, and, more specifically, to threaded
connections of the type used for securing flow conduits to form

a desired continuous flow path.

Background Art

A variety of threaded connections are known in the prior art for
joining flow conduits in an end-to-end relationship to form a
continuous flow path for transporting fluid. For example, such
threaded connections are used in pipe strings employed for the
production of hydrocarbons and other forms of energy from
subsurface earth formations. Examples of such pipe strings
include drill pipe, well casing and production tubing, known
commonly as "oil field tubular goods." Other applications for the
threaded connections of the invention include
horizontal/trenchless drilling operations. These are non-oilfield
applications associated with the construction industry. All of
these type goods employ threaded connections of the type under
consideration for connecting adjacent conduit sections or pipe

joints.

There have been numerous advances in thread technology in
recent years. Re. 30,647 issued to Blose in 1981 disclosed a
tubular connection having a unique thread form which provided an
unusually strong connection while controlling the stress and
strain in the connected pin and box members of the connection.
The thread form featured mating helical threads which were tapered
in thread width in opposite directions to provide wedge-like
engagement of the opposing flanks to limit rotational make-up of

the connection.
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The wedge thread, if properly _designed,. provides high
torsional resistance without inducing axial or radial stresses
into the tubular connection upon make-up of the joint. Tubular
connections with high torsional resistance resist additional make-
up in the joint when in service, making it easier to break out the
joints if this becomes necessary. By reducing axial 6r radial
stresses in the threaded connection, a sounder connection is
provided which is able to withstand a greater level of operating
stress and strain. Whereas, traditional threaded connections
employed mating threads structures which placed in the pin in hoop
compression and the box in hoop tension, the Blose connection
controlled the stresses induced in the mating members to pull the
two members together, rather than apart. o

U.S. Patent No. 4,600,224, issued July 15, 1986 to Blose was
a refinement and further improvement to the basic wedge thread
concept. In the invention disclosed in the '224 patent, a
connection was shown having a "chevron" load flank. Radial make-
up of the threaded connection was controlled by the special thread
structuring where the radial movement of a thread into a mating
thread groove was restricted by a chevron type interfit between
two load bearing thread surfaces . of the threaded connection
instead of relying upon thread width alone.

Due to the helical wedging action of the threads and the
balance of radial components from the forces on the stab and load
bearing surfaces of the threads, no radial component of stress was
induced in either the pin or box member of the connection. It was
also possible to control axial make-up of the threaded connection
without abutting a shoulder on the joint through the wedging
action of the threads themselves. By controlling the radial
interfit between mating threads, lubricant entrapment could be
controlled. |

Re. 34,467 issued December 7, 1992 to Reeves purported to be
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an improvemént to the basic Blose wedge thread design. As
explained by the patentee, when Blose's connection is rotatably
made up to engage both the front and back thread load flanks,
incompressible thread lubricant or other liquid may be trapped
between the engaged load flanks. This trapped thread lubricant
can resist the make-up torque and give a false torque indication
that results in lower than desired stress and strain being induced
in the Blose connection and reducing the design strength and load
carrying capacity. The invention described in Re. 34,467 purports
to preclude the possibility of false indication of torgue by
excluding thread lubricant from between the thread load flanks
that are brought intoc engagement at make-up.

In the conventional prior art connection, only a single load
flank is typically engaged during make-up and clearance is
provided adjacent the back thread flank. By providing thread
clearance on the back flank of conventional thread structures, a
helical escape flow passage or reservoir is provided for receiving
any excess of displaced liquid thread lubricant during make-up.
Since Blose's threads were structured helically as a "wedge®, it
was necessary to provide a radial clearance between the thread
crests and roots upon make-up to provide the desired escape path -
or any entrapped lubricant. Re. 34,467 purports to eliminate the
problem of entrapped lubricant by optimizing the geometry of the
Blose wedge thread structure.

As stated by the patentee, the root wall on the external
thread member contacts the crest walls on the internal thread
member to exclude the trapping of liquid therebetween during
rotational make-up of the connection. In the earlier Blose
connection, the roots and crests of the threads did not engage.
Thread lubricant could be trapped in the long helical space
between the roots and crests of the thread. 1In Re. 34,467, the
threads were modified so that the roots and crests would engage

before the load flanks engaged, thereby causing the thread
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lubricant between the roots and crests to be squeezed out from
between the surfaces before the connection is fully made up.

In Re. 30,647 and Re. 34,467, the preferred threads were
*dovetailed-shaped". in cross section, being wider at the crests
than at the roots. U.S. Patent 4,600,224 was a departure from the
Blose design in that a semi-dovetail or partial dovetail thread
was disclosed. However, the thread crest width continued to be
greater than the thread root width as in the traditional
definition of the term "dovetail."

The present invention has as its object to provide a further
modification of the basic wedge thread concept which provides

improved performance over the prior art designs.
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Disclosure of Invention

The improved thread form of the invention controls radial make-up
by special thread structuring where the radial movement of a
thread into a mating thread groove is controlled by a complex
profile interfit between the two mating thread surfaces of the
threaded connection. The complex profile can be present on the
stab flank, on the load flank, or on a combination of the two
flanks. A controlled clearance is provided between the mating
crests of the interengaged threads to prevent hydraulic pressure
buildup caused by entrapped lubricant between the thread crests
and roots. The stab flanks complex profile can be a chevron-
shaped double sloped flank which is adapted to engage a mating
flank of the complimentary box member. Preferably, the complex
profile provided on the stab and/or load flanks of the thread form
is a multi-facited flank having at least three facits and four
radii per stab flank. The pin thread crests have a crest width
and the pin roots have a root width. The width of the crest is
less than the width of the roots, which is exactly opposite that
of the general dovetail design.

The thread form of the invention is intended for use in a
tubular connection of the type having a box with internal threads
with stab flanks and load flanks and flat roots and crests and a
pin having external threads with stab flanks and load flanks and
flat crests and roots for mating with the internal threads of the
box to make up a pipe connection. The threads increase in width
in one direction on the box and in the other direction on the pin
so that the roots, crests, and flanks of the threads move together
during make-up.

The pin thread has a complex profile stab flank made up of

at least an inner wall portion and an intersecting outer wall



10

15

20

25

30

WO 00/65268. PCT/US00/09834

-6-

portion which together form a double sloped flank for engaging a
mating stab flank of the complimentary box member to provide an
interfit between the stab flanks of the pin and box members. The
interfit serves to limit radial movement of the pin threads into
the mating box member complimentary thread structure to control
radial make-up of the pipe'connectioh. Preferably, the complex
profile stab flank is a multi-facited flank having at least three
facits and four radii per stab flank. In a particularly preferred
embodiment, the pin thread also has a complex profile load flank
for engaging a mating load flank of the complimentary box member.
The interfit of the pin and box stab flahks and load flanks
provides a clearance between the roots and crest of the pin and
box threads to allow_venting of any entrapped thread lubricant.

A threaded tool joint édapter connection_having encapsulated
stregsses is also shown. The adapter connection features an
intermediate wmember with oppositely facing pin ends. The
oppositely facing pin ends engage mating box members which can be
used to attach a standard, rotary tool joint connection to upset
pipe. In one embodiment, the intermediate member is formed of a
corrosion resistant alloy. The box members'are formed of NACE
approved materials. The pin and box threads can have the
previously described complex stab and load flanks to provide the
desired interfit between the flanks of the pin and box members or
can have other wedge thread profiles. A metal-to-metal seal is
formed between mating surfaces of the box and pin and opposite
extents of the threaded surfaces thereof at either end of the
connection. The metal-to-metal seals serve to encapsulate the
threaded surfaces of the connection and thereby isolate the
encapsulated surfaces from corrosive attack.

Additional objects, features and advantages will be apparent
in the written description which follows.
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Brief Description of Drawings

Figure 1 is a side, cross-sectional view of a threaded tool
joint adapter connection employing the improved thread form of the
invention.

Figure 2 is a side, cross-sectional view of a portion of the
tapered connection used in the adapter of Figure 1 showing the

thread form of the invention.

Figure 3 is an isolated, close-up view of the thread form of
the invention in the fully made-up position, the stab flanks of
the pin member being provided with a complex profile.

Figure 4 is an isolated, close-up view of a thread form of
the invention, similar to Figure 3, wherein both the stab and load
flanks of the pin member have the complex profile of the
invention.

Figure 5 is an isolated, close-up view, similar to Figures
3 and 4 showing a chevron profile on the stab flank of the pin
membex.

Figure 6 is an isolated, close-up view of the preferred
thread form of the invention, showing certain of the angular and
dimensional aspects thereof.

Best Mode for Carrying Out the Invention

Figure 1 shows a threaded tool joint adapter connection,
designated generally as 11 employing the improved thread form of
the invention. The adapter 11 includes an intermediate member 13
having oppositely facing pin ends 15, 17, each of which has
external threads 19 which are adapted to mate with mating internal
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threads 21 of the mating box end members 23, 25.

In a particularly preferred form pf the invention, the
intermediate member 13 is formed of a corrosion resistant alloy
(CRA) material while the end members 23, 25 are foimed of drill
pipe meeting NACE standards. Typical examples of CRA type
materials include: (1) stainless steel; conventional austenitic,
high alloy austenitic, martensitic, precipitation hardened, duplex
and ferritic; (2) precipitation hardened and solid solution
nickel-base alloys; nickel copper alloys; and (3) cobalt-base,
titanium and zirconium alloys. This description of the general
classification of CRA materials actually includes a myriad of.
material options, depending upon the well appiication under
consideration, and is merely intended to be illustrative of

suitable materials for use in practicing the invention.

In addition to having the mating wedge-type threads of the
invention 19, 21, the connection empldys metal-to-metal seals 27,
29 at the exterxrnal and internal terminus of the threaded regions.
This configuration insures that all stresses that would make the
base material subject to corrosive attack, i.e., in the threaded
area, will be encapsulated and isolated from corrosive media,
whether intermal or external. Additionally, the metal-to-metal
seals protect the internal critical section area of the joint from
corrosive fluids. This area of highest stress would typically be
the point of failure in rotary service, but the fact that it is
protected and even-structurally supported by the metal-to-metal
seal area tends to throw the point of failure beyond the
connection boundaries.

As will be explained in greater detail, the connection does
not employ a positive torque stop. The wedge thread form of the
invention takes up the applied torque and provides a semi-pcsitive
torgue stop. Because the wedge threads lock the pin and box
members together, high radial stresses are not required to hold



10

16

20

25

30

35

WO 00/65268 PCT/US00/09834

-9-

the connection together. By eliminating-a positive torque stop,
the need for a torque shoulder is eliminated. This, in turnm,
eliminates the need for the material required to machine such a
shoulder. As a result, the connection of the invention can be
placed on pipes having a smaller OD, larger ID, or some
combination thereof, than would be the case with shouldered
connections having a similar torque capacity. One preferred
application of the thread form of the invention is to a smaller
diameter (2-3/8 inch) tool joint used in shallow, horizontal
drilling for the trenchless drilling industry. The same
connection can be used in the mining industry. The connection is

well suited for applying to short lengths of drill pipe used in-
a horizontal boring machine which is commonly employed for
drilling holes and pulling pipe or cable under roads, streams, and

other surface barriers.

Although only the tool joint threaded connection of Figure
1 embodying the thread form of the invention is shown, it will be
understood that other types of connections can be made using the
thread form of the invention. For example, the connections can
be upset or non-upset and can be tapered or "oylindrical", non-
tapered connections. Connections can also employ other types of
wedge threads such as those described in Blose Re. 30,647 and
Reeves Re. 34,467.

Figure 5 shows one thread form of the invention in greater
detail. As shown in Figure 5, the pin member 31 has pin threads
with thread crests 33 and thread roots 35. The crests 33 and
roots 35 of the pin member 31 are adapted to be made up with a
mating box member 37 having a complimentary thread structure. The
pin thread crests 33 are formed between a stab flank 39 and a load
flank 41 of the pin thread.

As used herein, the term "load flank®" will be understood to
designate that sidewall of a thread that faces away from the outer
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end from the respective male or female member on which the thread
is formed, and the term "stab flank" will be understood to refer
to that sidewall surface that faces toward the outer end of the
respective male or female member and supports the weight of the
joint during the initial make-up of the joint.

The pin thread stab flank 39 is a double-sloping chevron-
shaped flank which is adapted for engaging a mating flank 43 of
the complimentary box member 37 to provide a chevron type interfit
between the stab flanks of the pin and box threads. As shown in
Figure 5, the pin thread chevron-shaped stab flank 39 is made up _
of an inner wall portion 45 and an intersecting outer wall portion
47. The inner wall portion 45 forms a negative angle o with
respect to the longitudinal axis 49 of the tubular connection.
By "negative" angle is meant that the angle o' formed between the
inner wall portion 45 and the adjacent thread root 35 is an acute
angle whereby the inner wall portion 45 flares inwardly toward the
thread root 35. As shown in Figure 5, the outer wall portion 47
of the pin stab flank forms a positive or obtuse angle f with
respect to the longitudinal axis 49, whereby the :outer wall
portion 47 flares outwardly from the point of intexrsection 51 with
the inner wall portion 45 of the thread flank.

The pin load flank 41 forms a positive angle theta with
respect to the longitudinal axis 49 and the load flank 41 flares
inwardly with respect to the adjacent pin thread root 53. Load
flank 41 and the inner wall portion 45 are thué ﬁon-parallel. The
thread crests 33 and roots 35 can be parallel to the longitudinal
axis 49 of the tubular connection but may also be parallel or non-
parallel to a taper of the connection.

Both the pin and box threads are helical wedge threads and
thus have progressively changing axial width along the helical
length thereof. In other words, viewing the pin member in Figure
5, it can be seen that the thread width of each successive thread
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progressively'decreaseé from the outer extent 55 of the pin member
along the helical length thereof to the inner extent 57 adjacent
the mouth of the pin member. Thus, the thread width of the pin
member 31 at "X" is greater than the thread width *"Y¥Y" in Figure
5. The axial thread width of the box member 37 progressively
decreases in the opposite direction. The progressively changing
axial width of the pin and box threads provides a wedging interfit
to limit axial make-up of the tubular connection.

The threaded tubular connection can be tapered, although this
is not a requirement of the present invention. By "tapered® is
meant that the threads are disposed on a taper (illustrated by
axis 59 in Figure 5).

Figure 3 illustrates another embodiment of the present
invention in which the pin 61 has a complex profile stab flank 63
for engaging a mating stab flank 65 of the box member 67. In this
case, the stab flanks 63 of the pin are formed as multi-facited
flanks having at least three facits 69, 71, 73 (Figure 3) and four
radii per stab flank. The facits are illustrated in angular
fashion as the angles t, n, and y in Figure 3. Note that the
angles 1 and n form obtuse angles with respect to the longitudinal .
axis 75 of the pipe connection while the angle y forms an acute
angle with respect to axis 75. The load flank 77 forms an obtuse
angle p with respect to axis 75 and slopes inwardly in the
direction of the adjacent thread root 79, as viewed in Figure 3.

Figure 4 illustrates another embodiment of the invention,
similar to Figure 3, in which the similar parts of the connection
are designated with primes. In this case, however, the pin member
61’ has a complex profile load flank 81, in addition to the
complex profile stab flank 63 prime. In the embodiment of Figure
4, the complex profile load flank 81 is alsc a multi-facited flank
having at least three facits 83, 85, 87. The facits 83, 85, 87

’

are identical to, but oppositely arranged to facits 69, 71‘, 73
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and form the'angles, 3, & and @ with respect to theilongitudinal
axis 75 prime of the connection.

With reference to Figure 6, the facits 89, 91 form 30 degree
positive facits for the load flanks of the end member 61' while
the facits 93, 95 form 30 dégree positive facits for the pin
thread stab flanks of the pin member 61’°. In Figure 6, B,
represents the box root groove width, B, represents the box root
tooth width, P, represents the pin crest tooth width, P,
represents the pin root tooth width, B, represents the box crest
tooth width, P, represents the pin root groove width while 11_
represents the load flank lead. Note that the box crest is wider
than the pin root and the pin crest is wider than the box root.
Since the crest tooth width is smaller in width than the root
tooth width, the thread teeth are oppositely dimensioned from
conventional dovetailed threads. An offset clearance 94, e.g. on
the order of 0.001 inch, is provided between the roots and crests
upon make-up in order to vent entrapped lubricant. The roots and
crests of the teeth may be parallel to the pipe axis or parallel
or non-parallel to the pipe taper (96 in Figure 6).

Figure 2 is a close-up of a portion of the tool joint adapter
connection of Figure 1 showing a two step thread form utilizing
the complex profile stab flank embodiment of the invention as
illustrated in Figure 3. Thus, the pin stab flanks 63 have the
complex profile previously described. In the embodiment of Figure
2, the thread structures 97 are formed on a larger radius while
the second step threads 99 are formed on a smaller radius or
distance from the longitudinal axis 101 of the connection. The
two step thread can be either cylindrical or tapered and is
generally recognized for speed of assembly during installation.
Thread relief grooves 103, 105, 107 can be used for lubricant
reserves if necessary or excluded all together. The metal-to-
metal seal areas are shown in close-up fashion at 109, 111 in
Figure 2. The metal-to-metal seal at 109 is designed to be a
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short; low angle seal having an engaged lehgth between about
0.200" and 0.400", preferably about 0.250" and between 1° and 5°
taper. The purpose of the short seal is to allow the momentary
extrusion of entrapped thread lubricant upon make-up of the
connection without damage to the seal from radial yielding or
collapse of the pin nose 112.

The metal-to-metal seal at 111 is designed to be a long, low
angle seal having an engaged length of approximately triple that
of the internal seal. Preferably, the long, low angle seal is of
at least 0.400" in engaged length and between 1° and 5° taper.
The purpose of the long seal is to provide the maximum mechanical
support to the critical section illustrated as "c" in Figure 2.
It has been learned that in a connection of this configuration,
a mechanical supporting seal as in 111 will greatly diminish
fatigue stresses in the critical cross-section from rotation and

bending of the connection.

It has been found in a connection of this configuration that
the migration path of entrapped, excessive thread compound upon
rotational make-up of the connection is from the outer region of
the connection at 111 toward and through the inner region of the
connection at 109. The clearance between roots and crests of the
threads as shown at 94 on Figure 6 facilitates this migration
without structural damage to the connection from the pressure of

entrapped thread lubricant.

During assembly utilizing either the single chevron or multi-
facited complex thread forms, the first contact is generally made
with the stab flanks. The connection generally rides on the stab
flanks initially until some interference on the chevrons occurs.
This interference is generally a function of either built in
design interference or, in the case of no design interference,
caused by the ovality of the tubular members. The connection is

generally free running until power engagement occurs. This action
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transfers the stab flank load to the load flanks. As soon as the
transfer occurs, the load flank engagement acts as a positive
stop. This wmovement will stop even though the box member crest
and the pin member roots have not made contact. If additional
torque is applied, the balance of forces on the contact surfaces
of the thread flanks will stop further radial movement of the
threads of the box member into the pin grooves and axial squeezing
of the threads between the stab and load flanks will occur
stopping further make-up. The amount of radial clearance (94 in
Figure 6) provided between the thread crests and roots is
determined by the angles of the chevron or other complex profile
flanks utilized. By properly determihing the angles, the
clearance space can be controlled without relying solely upon
thread width as was the case in certain prior wedge thread
designs.

An invention has been provided with several advantages.
Axial make-up of the threaded connection of the invention can be
controlled without abutting a shoulder on the joint by the wedging
action of the threads themselves. Radial make-up can be
controlled by the special thread structuring where the radial
movement of the thread making up into a mating thread groove will
be restricted by a complex profile on the stab flank, locad flank,
or combination thereof. By controlling the radial interfit
between mating threads, lubricant entrapment can be controlled.
The multi-facited complex profiles of the load and stab flanks
causes balanced stresses when the threads wedge upon make-up. By
properly designing the angles of the multi-facited flanks, it is
possible to balance the radial stresses caused by the torque
bearing loads with opposing stresses caused by the threads wedging
between the stab and load flanks. There is thus created a balance
of stresses such that radial forces cannot occur when the crests
and roots of mating threads are in clearance.

The shoulderless connections of the invention eliminate
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concentration of stresses at points of shoulder contact. The
shoulderless connection also eliminates the stiffening effect of
the shoulders. This reduction is stiffness enables the pipe
assembly to go through a tighter radius than would otherwise be
the case. The wedge thread design of the invention presents a low
profile connection which allows an opening up of the internal
diameter of the pipe members. The threaded tool joint adapter of
the invention seals off the threaded regions of the pin and box

_members with metal-to-metal seals to thereby seal internal and

external pressures and insures that all stresses that would make
the base material subject to corrosion attack will be encapsulated
and isolated. Additionally, the metal-to-metal seals protect the
internal critical section of the joint from corrosive fluids.
This area of highest stress is protected, thereby eliminating this
traditional point of failure.

While the invention has been shown in only three of its
forms, it is not thus limited but is susceptible to various
changes and modifications without departing from the spirit
thereof.
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1. A thread form for a tubular connection having a pin member
adapted to be made up with a box member to form a pipe connection,
comprising:

Claims

a pin member having pin threads with thread crests and thread
roots which are adapted to be made up with a mating box member
having a complimentary thread structure, the pin thread crests
being formed between a stab flank and a locad flank of the pin
thread;

the pin thread having a complex profile stab flank made up
of at least an inner wall portion and an intersecting outer wall
portion which together form a double sloped flank for engaging a
mating stab flank of the complimentary box member to provide an
interfit between the stab flanks of the pin and box members, the
interfit serving to limit the radial movement of the pin threads
into the mating box member complimentary thread structure to
control radial make up of the pipe connection; and

wherein the threads on the pin member are helically
structured as a wedge.

2. The thread form of claim 1, wherein the complex profile stab
flank is a multi-facited flank having at least three facits and
four radii per stab flank.

3. The thread form of claim 1, wherein the pin thread also has
a complex profile load flank.

4. The thread form of claim 3, wherein the complex profile load
flank is a multi-facited flank having at least three facits and
four radii per stab flank.

5. The thread form of claim 1, wherein the pin thread crests
have a crest width and the pin roots have a root width, and
wherein the width of the thread crests is less than the width of
the thread roots.

B e
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6. The thread form of claim 1, wherein the pin member has a
horizontal axis and wherein the pin thread roots and crests are
parallel to the horizontal axis of the pin member.

7. The thread form of claim 1, wherein the pin member has a
horizontal axis and wherein the pin thread roots and crests are
non-parallel with respect to the horizontal axis of the pin

member.

8. A threaded pipe connection comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external threads
with stab flanks and load flanks and flat crests and roots for
mating with the internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on
the box and in the other direction on the pin so that the roots,
crests and flanks of the threads move together during make up; and

the pin thread having a complex profile stab flank made up
of at least an inner wall portion and an intersecting outer wall
portion which together form a double sloped flank for engaging a
mating stab flank of the complimentary box member to provide an
interfit between the stab flanks of the pin and box members, the
interfit serving to limit the radial movement of the pin threads
into the mating box member complimentary thread structure to
control radial make up of the pipe connection.

9. The pipe connection of claim 8, wherein the complex profile
stab flank is a multi-facited flank having at least three facits
and four radii per stab flank.

10. The pipe connection of claim 8, wherein the pin thread also
has a complex profile load flank for engaging a mating load flank

of the complimentary box member.

11. The pipe connection of claim 8, wherein the complex profile
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load flank is a multi-facited flank having at least three facits
and four radii per stab flank.

12. The pipe connection of claim 8, wherein the pin thread crests
have a crest width and the pin roots have a root width, and
wherein the width of the thread crests is less than the width of
the thread roots.

13. The pipe connection of claim 8, wherein the pin member has
a horizontal axis and wherein the pin thread roots and crests are
parallel to the horizontal axis of the pin member.

14. The pipe connection of claim 8, wherein the pin member has
a horizontal axis and wherein the pin thread roots and crests are

tapered with respect to the horizontal axis of the pin member.

15. The pipe connection of claim 8, wherein the interfit of the
pin and box stab flanks and load flanks provides a clearance
between the roots and crests of the pin and box threads to allow
venting of any entrapped thread lubricant.

16. A threaded pipe connection for a pipe having a horizontal
axis, the connection comprising:

a box having tapered, internal threads with stab flanks and
load flanks and flat roots and crests that are non-parallel to the
longitudinél axis of the pipe and a pin having tapered external
threads with stab flanks and load flanks and flat crests and roots
that are non-parallel to the longitudinal axis of the pipe for
mating with the internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on
the box and in the other direction on the pin so that the roots,
crests and flanks of the threads move together during make up; and

the pin thread having a complex, multi-angled stab flank. made
up of at least an inner wall portion and an intersecting outer
wall portion which together form a double sloped flank for
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engaging a mating stab flank of the complimentary box member to
provide an interfit between the stab flanks of the pin and box
members, the interfit sexrving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection and
provide an offset clearance between the pin and box thread crests
and roots to allow venting of any entrapped thread lubricant.

17. The threaded connection of claim 16, wherein the complex,
multi-angle stab flank is a multi-facited flank having at least
three facits and four radii per stab flank.

18. The threaded connection of claim 16, wherein the pin also has
a complex, multi-angle load flank.

19. ' A threaded tool joint adapter connection having encapsulated
stresses, the adapter connection comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external threads
with stab flanks and load flanks and flat crests and roots for
mating with the internal threads of the box to make up a pipe
connection, the threads increasing in width in one direction on.
the box and in the other direction on the pin so that the roots,
crests and flanks of the threads move together during make up; and

the pin thread having a complex profile stab flank for
engaging a mating stab flank of the complimentary box member to
provide an interfit between the stab flanks of the pin and box
members, the interfit serving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection; and

a metal-to-metal seal formed between mating surfaces of the
box and pin at opposite extents of the threaded surfaces thereof,
the metal-to-metal seals forming an internal seal and an
oppositely arranged external seal which serve to encapsulate the

threaded surfaces of the connection and thereby isolate the
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encapsulated surfaces from corrosive attack.

20. The threaded tool joint adapter connection of c¢laim 19,
wherein the complex profile stab flank is a multi-facited flank
having at least three facits and four radii per stab flank.

21. The threaded tool joint adapter connection of claim 20,
wherein the pin thread also has a complex profile load flank for
engaging a mating load flank of the complimentary box member.

22. The threaded tool joint adapter connection of claim 21,
wherein the complex profile load flank is a multi-facited flank
having at least three facits and four radii per stab flank.

23. The threaded tool joint adapter connection of claim 19,
wherein the pin thread crests have a crest width and the pin roots
have a root width, and wherein the width of the thread crests is
less than the width of the thread roots.

24. The threaded tool joint adapter connection of claim 19,
wherein the pin member has a horizontal axis and wherein the pin
thread roots and crests are parallel to the horizontal axis of the
pin member.

25. The threaded tool joint adapter connection of c¢laim 19,
wherein the pin member has a horizontal axis and wherein the pin
thread roots and crests are tapered with respect to the horizontal
axis of the pin member.

'26. The threaded tool joint adapter connection of claim 19,

wherein the interfit of the pin and box stab flanks and load
flanks provides a clearance between the roots and crests of the
pin and box threads to allow wventing of any entrapped thread
lubricant.
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27. The threaded tool joint adapter

PCT/US00/09834

connection of claim 19,

wherein the internal seal is a short, low angle seal of between

0.200" and 0.400" in engaged length and between 1° and 5° taper
and the external seal is a long, low angle seal of at least 0.400"

in engaged length and between 1° and 5° taper.

28. The threaded tool joint adapter
wherein the external seal exceeds the
length by a ratio of greater than 2:1.

29. The threaded tool joint adapter
wherein the external seal exceeds the
length by a ratio of greater than 2:1.

connection of claim 27,

internal seal in engaged

connection of claim 27,

internal seal in engaged



A

WO 00/65268 PCfIUSﬂOIW
22
. AMENDED CLAIMS
[received by the International Bureau on 19 September 2000 (19.09.00);
original claims 30-38 added; remaining claims unchanged (2 pages)]

.30. A threaded pipe connection having encapsulated stresses, the
threaded pipe connection comprising:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external
threads with stab flanks and load flanks and flat crests and
roots for mating with the internal threads of the box to make up
a pipe connection, the threads increasing in width in one
direction on the box and in the other direction on the pin so
that the roots, crests and flanks form a wedge interfit upon make
up of the connection; and

a metal-to-metal seal formed between mating surfaces of the
box and pin at opposite extents of the threaded surfaces thereof,
the metal-to-metal seals forming an internal seal and an
oppositely arranged external seal which serve to encapsulate the
threaded surfaces of the connection and thereby isolate the
encapsulated surfaces from corrosive attack and which also
provide structural support for adjoining critical cross sections
on the pin and box members for the purpose of decreasing stresses
in said areas, whereby the entire connection has increased
capacity to resist failure when in rotary fatigue service.

31. The threaded pipe connection of claim 30, wherein the
internal seal is a short, low angle seal of between 0.200" and
0.400" in engaged length and between 1° and 5° taper and the
external seal is a long, low angle seal of at least 0.400" in
engaged length and between 1° and 5° taper.

32. The threaded pipe connection of claim 31, wherein the
external seal exceeds the internal seal in engaged length by a
ratio of greater than 2:1.

33. The threaded pipe connection of claim 32, wherein the pin
thread crests have a crest width and the pin roots have a root
width, and wherein the width of the thread crests is less than
the width of the thread roots.

34. The threaded pipe connection of claim 33, wherein the
interfit of the pin and box stab flanks and load flanks provides
a clearance between the roots and crests of the pin and box
threads to allow venting of any entrapped thread lubricant.
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35. A threaded pipe connection comprigsing:

a box having internal threads with stab flanks and load
flanks and flat roots and crests and a pin having external
threads with stab flanks and load flanks and flat crests and
roots for mating with the internal threads of the box to make up
a pipe connection, the threads increasing in width in one
direction on the box and in the other direction on the pin so
that the roots, crests and flanks of the threads move together
during make up;

wherein the pin thread has a complex profile stab flank made
up of at least an inner wall portion and an intersecting outer
wall portion which together form a double sloped flank for
engaging a mating stab flank of the complimentary box member to
provide an interfit between the stab flanks of the pin and box
members, the interfit serving to limit the radial movement of the
pin threads into the mating box member complimentary thread
structure to control radial make up of the pipe connection; and

further comprising a metal-to-metal seal formed between
mating surfaces of the box and pin at opposite extents of the
threaded surfaces thereof, the metal-to-metal seals forming an
internal seal and an oppositely arranged external seal which
serve to encapsulate the threaded surfaces of the connection and
thereby isolate the encapsulated surfaces from corrosive attack.

36. The threaded pipe connection of claim 35, wherein the
internal seal is a short, low angle seal of between 0.200* and
0.400" in engaged length and between 1° and 5° taper and the
external seal is a long, low angle seal of at least 0.400" in
engaged length and between 1° and 5° taper.

37. The threaded pipe connection of claim 36, wherein the
external seal exceeds the internal seal in engaged length by a
ratio of greater than 2:1.

38. The threaded pipe connection of c¢laim 37, wherein the
external seal exceeds the internal seal in engaged length by a
ratio of greater than 2:1.
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