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THREADED CONNECTOR HAVING METAL-TO-METAL SEAL

Cross Reference to Related AppBeation
The present application claims pricrity t¢ U8, Provisional Application Serial No.

62/751,887 filed on Ootober 29, 2018 which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
The present disclosure relates generally to connectors for tbular meinbers and, mowe

particutarly, to threaded connegtors having metal-to-metal seals,

BACKGROUND

Whean s hole {s bored o the earth, as for the production of off aud gas, a large dameter
pipe known as surface casing may be installed into the upper section of the borehole, Swrface
vasing stabilizes the walls of the borebole near the surface whers they are niore apt to cave ia. Qo
fiofes drilled in offshore waties from platforms, or jack-ups, the pipe may be extended from the
ocean floor 1o the deck of the driling structure and iy often knowi gs a marine riser. In such case,
the riser may be an extension of the surface casing and serves o prevent enlry of sea waler into
the borehole.

Make-p and installation of pipe such as serface vasing from floating offshore drillivg

structures or vessels may be complicated by the actions of waves on the vessel. Various motions

8

of the vessel, of which the most eritical are roll snd pitch, render the make-up of serew-type
connections very difficult. Not only may it be difficult to stab one casing section inlo another, but
it may be difficult also to attain proper alignment during make-up, whigh can result in desiructive
cross-threading. While ranning casing of any kind may be difftcull in such hostile environmants,
i may be particularty ditfioudf for larger casing strings, such as twenty inches or Jarger. This may
be due not only to greater mass of such larger casing bot to the decrease in allowable make-up
angle tor d given pitch thread as the pipe diameter increases.

Maintenance of sueh pipe may be complicated also by the wave aetion of the ocean and
the motion of the vessel, Wave gctions and the rotion of the vessel apply tension and bending ©
the pipes, which in fuen applies tension and bending Joads on the connectors of the segments of
such pipe. I the tension and bending Joads on the connectors becomes too great in magnitude,
then the loads will canse distortion and damage 1o the connector, which i tuen will cause Jeakage.

The above problems are exacerbated by the design of pipe connections, which have ouly

lintited physical space whereh high contact stresses caw be gxerted, The Hmited size increases the
i
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potential of metal-to-metal galling during make-up avd breakout of the threaded connection. Alse,
the limited area of contact stresses increases the risk of leakage due to preexisting damage of
surfaces at the metal-to-metal interface. Such issues have caused pipe-connection designers to use
tight controls on machining tolerances when manufacturing connectors.  However, such tight
desigos can create conpectors with higher contact stresses than may be desirable, which can lead

to increased make-up torques and potential for galling.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its features and
advantages, reference is now made to the following deseription, taken in conjunction with the
accompanying drawings, n which:

FIG. 1 is a longitudinal cross section of a pin connector in accordance with certain
gmbodiments of the present disclosure;

FIG. 7 is a Jongitudinal cross sectipn of a hox connector suitable for reception of the pin
connector of FIG. 1 in accordance with certaln embodiments of the present disclosure;

FIG, 3 is a partial longitudinal cross seetion of the box and pin configuration shown in
FIGS. 1 and 2 shown in the Tully engaged position in accordance with certain embodiments of the
present disclosure;

FIG. 4 is an exploded, isolated view of a region of the threaded connection of F1G. 3
showing a recess in the box connector adjacent to a pin nose in accordance with certain
embodiments of the present disclosure; and

FIG. S is a graph showing the relationship of the nose seal contact pressure as o Fanction
of distance from the nose for a spherc-on-cone seal configuration in accordance with certain

enthodiments of the present disclosure,
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DETAILED DESCRIPTION

Hustrative embodiments of the present disclosure are deseribed in detail herein, In the
intevest of clarity, not all features of an actual implementation are described in this specilication,
Ttwill of conrse be appreciated that in the development of any such actual embodiment, numerous
implementation-speeific decisions must be made to achieve developers” specific goals, such as
corapliance with system-related and businesswelated constraints, which will vary from one
implementation to another. Morcover, it will be appreciated that such a development effort might
be complex and time consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of the present disclosure. Furthermore, i no way should
the following examples be read to limit, or define, the scope of the disclosure,

Certain embodiments aceording to the present disclosure may be divected to threaded
connectors having metal-to-metal seals.  Threaded connectors may have a male conpector
(sometimes called a piny and a fervale connecior (sometimes called & box). Convection may be
made by screwing the male connector tnio the female connector, Additionally, the male connestor
may have an exterior curvilinear sealing surfuce and the female comnector may have a
corresponding interior curvilinear sealing surface, Upon connection, a metal-to-metal seal may be
formed by the contacting of the exterior curvilinear scaling surthce of the ale connector and the
interior curvilinear scaling surface of the famale connector,

fn previous designs, the interior and exterior curvilivear surfaces may be essentially the
same shape. This, in some embodiments, would allow a male connector and terale to bave a tlush
or near Hush metal-te-metal seal. For example, previous designs may show both connestors
having a frusioconical shape. Thus, tn such designs, the frustoconical wale conneetor may have a
{lush conngetion with the fustoconical fervals connecior,

It s through the metal-to-metal seal that the male comnector may exert contact stresses on
the female connector and vice versa. The conngctors may he located at the ends of longitudinal
members, which may be pipe segiments in soms ewbodinents, that can be connecled by way of
the connectors. Sueh longitudinal members may exert considerable stress on the metal-fo-metal
seal in the connection becanse such a longitudinal member may act effectively as a lever on the
conneetion. For example, the transverse rootion of a longitedinal member may apply signiticant
condact stresses to the metal-to-metal seal, pofentisily causing the seal or connection to deform
and create a leak.

The disclosed embodiments address the deficiencies in previous connector designs by

providing different shapes for the sontacting carvilinear sealing surfaces of the first and secoud
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connecting menthers, which in some embodiments may be male and female connectors. Unlike
previous designs where the male and female connectors may have matching surfaces, the diselosed
embodiments bere may have mismatched swetaces. For example, in one exenaplary embodiment,
the male conbector may have a frustohemispherical sealing surface while the female connentor
may have a frustoconical sealing surface. In another exemplary ensbodiment, the male connector
may be frustospherical and the female comnector may be frustovonical. o yet another
embodiment, the male connector may be frustotoroidal and the female comnector may be
frustoconical. As those of ordinary skill in the art will appreciate, the surfaces may be reversed,
i.e.. the male connector may have the frustoconical surface and the fenale member may have the
other surface. T embodiments where the surfave is frustotoreidal, the tores may be of the ring,
horn, or the spindle type. In such embodiments, the spindle type of torus may be used because it
has arge radius of curvature on the male convector sealing surface. Generally, the shapes nsed
for the male and ferale conpectors may be any shape if the shape is in the form of a frustum of a
three-dimensional geometric object. For sxample, the shapes used for the male and female

connectors may be a shape selected from the group consisting of frustocouical surfaces,

frustoeylindrical  surfaces,  frustocllipsoidal  surfaees,  frustospheroidal  surfaces,

frustohemispherical surfaces, frustoparabolic surfaces, frustohyperbolic surfaces, frutstoroidal
surfacss, and blends thereof.

Additionally, the male connector may have a nose located at the tip of the male connector.
In embodiments where the male connector is @ pin, this nose may be referred to as a pin nose, The
interjorsarface of the fomale connegtor may be designed fo engage the nose of the male connector
upen connection.  In some embodiments, the nose of the male connector may be relatively thiv
and flexible, thereby atlowing the male conneetor to move slightly in a transverse divection after
full connection to the fomale connector.

The disclosed ndsmatehed male and female curvilinear surfaces, along with the fexible
male connector nosse, may facilitale a more reliable threaded connection having a metal-to-metal
seal, In some embodiments, the flexible nase and mismatched surfaces working together may
provide for a wide parabolic distribution of contact stresses along the mating scaling surfaces.
Also, in seme embodiments, the flexible nose may provide for rapid-pressure energization of the
wetal-toametal seal when the conection may be under cither lnternal or external pressuge.

During said pressurization, the flexibility of the male connector nose may cause the

REREY

curvilingar sealing surface of the male conneetor fo rotate or “roll” 1o o slightly different position

on the curvitivear sealing surface of the female connector. In such sase, the contaet footprint of



10

20

38

36

WO 2020/092194 PCT/US2019/058264

the contacting curvilinear sealing surface may widen or generally inerease jo size significantly.
Such increase in the size of the footprint nay result in spreading the contact stresses over a larger
surface area, the larger surface arca being the lavger footprint. In addition to a larger contacting
footprint, the magnitude of contact pressure increases substantially with increasing internal or
external pressure, resulling in 2 net increase of said contact stresses per unit surface area of the
metal-to-metal seal. tu shorl, this pressurization process Is caused by the flexibility of the pin nose
and the {avorable shape of the contact stress profile. This same flexibility of the pin nose and
favorable meial-to-metal sealing configuration may also cause the contact siresses to ncreass and
the contact footprint to widen when the conmection is subjected to tension and bending loads, also
increasing the contact stresses per unit surface area.

I some erobodinests, the flexibility of the pin pose may be facilitated by an annular
eroove on the surface of the pin and vear the pin nose. The thinness of the pin, near the pin nose,
due to the annular groove may allow the pin nose to fex. Additionally, the annular groove may
contain an O-Ring, which may form a seal against an interior surface of the bos connsctor, which
in turn may serve as a secondary seal o prevent leakage. In embodiments where there is no annular
groove near the pin nose, the pin nose may be stiff or vigid and not be able to flex in the manner
above described.

The higher contact siresses per unit surface avea wnder tonsion, bending, and pressure
loads is an advantage over previous designs wherein lower contaet stresses per unit surface area
resulied when a tenston or bending force was applisd to the connection, Iny such previous designs,
the lower contact stresses per unii surface avea may have an inereased risk of leakage due fo
insufficienl confact pressures or preexisting damage of the curvilingar sealing surfaces af the
metal-to-metal seal. In previous designs, to overcome the fowering of vontact stresses resulting
from loading of the conneetion, the contact stresses at make-up are normally made o be initially
bigher by increasing the interference between the piv and box sealing surfaces, This may create an
increased risk of galling of'the curvilisear sealing surfaces at the metal-to-metal seal during ke~
ap and breakout of the threaded comnection, which too can create leakage. 1o previous designs,
creation of such higher contact stresses by increased seal interference way veguive higher make-
up torques, which alse may create an inereased risk of galling. Also, provious designs creating
high contact steseses over limited areas may require connectors to be manufactured with tight
controls on machining toleravices,

The above disclosure has the advaniage of having a wider arga of lower contact siresses

at make-op and breakeut, which may significantly reduce the propensity for galling during make-

&
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up and breakout of the threaded connection.  Also, the wider asea of contact stress degreases the
risk of leakage at the sealing interface due to preexisting surface daspage. Lower contact stresses
at make-up leads to reduced or eliminated galling potential and lower make-up torgques. The above

disclosure Bas the furtber advaniage that applied tension Joads further in¢rense and widen the

5 contact footprint. The above disclosure has the further advantage that the flexibility of the pin
nose and the Favorable shaps of the contact stress profile aflow significant loosening of machining
tolerances, reducing both manufacturing cost and rejection rates.

One skilled 1 the art would recognize that the shapes of ihe male connector and female
connertor sealing surfaces could be reversed and still provide sitilar benefits.
10 Turning now to the drawings, referring (o FIGS. T and 2, a conuector assembly in

accordance with the present disclosure is shown generally by veference number 10, The assernbly
10 includes a first connector member, which mway be a male connector in some enabodiments, and
a4 second connector merber, which way be a female conpector in some embodiments. In one
exemplary embodiment, the male connestor may be a pin 12 and the fomale connector may be Box,

15 13, In FIGS. Land 2, pin 12 §s shown generally i alignment with and ready for insertion nto a
hox 13,

Referving to PIG. 1, pin 12 oy be atached to a longitudinal member 14, Longhudinal
member 14 ‘m‘a'y be tubular in shape and may bave a bore 18, Pin 12 may also be tubular and may
have & bore 20 which raay be an extension of bore 18 of longitudingl member 14, which i turn

20 may he oylindrical for casing applivations. An external makenp shoulder 24 may have a lavger
diameter than longitudinal member 14. Following makeap shoulder 24 may be a cylindrical uppor
guide section 26, Guide seation 26 way provide a flat suslace {(vwhen viewed in longitudinal eross
section) and may serve o guide pin 12 into 8 fomale conneotor, which may be a box 13, na
manner hereinatter described.

25 Near the bottom of pin 12 may be a section 28 having a multiplicity of threads 30 ot
thereon, {it some embodiments, section 78 may be tapered such that threads 30 taper from upper
bhase 32 down foward lower base 34, As those of ondinary skilt ln the art will appreciate, any
suitable taper may be used. fo any case, section 28 may be tapered ov shaped to permit threaded
seetion 28 1o travel substantially into the mating threaded section i bax 13 {desartbed below)

30 before thread engagernent begins,

Wearest the lower end of pin {2 may be a pin curvilinear sealing sorfisce 36, followed by
a gt»in nose 38, Make up is Hmited by the external pin showlder 24 contacting box external shoulder

Pin corvilinesr sealivg surface 36 way be ot a three-dimensional shape that may taciliate a
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more reliable threaded connection by way of a metal-to-metal seal with the box curvilinear sealing
surface 74 (deseribed herein below}

Reforring now to FIG, 2, a box 13 for threaded mating with pin 12 of FIG. | s shown,
Now describivg the exterior of box 13 in detail, generally from the boliom fo the top of the
drawing, box 13 may be attached 1o a longltudinal member 52, Longitudinal member 52 may be
tibalar i shape and may have s bore 62, Box 13 may also be tubnlar and may bave a bore 66
which niay be an extension of bore 62 of tongitudinal member $2, which in turm may be cylindrical
for casing applications

E

ending to the upper end of box 13 may be a tubular end section 56 which may be larger

in diameter than longitudival member 32, Section 36 may have, in ity intetior, threads for mati
with threads 30 of pin 12 (described heretnafler below), The transition from longitadival member
32 to ewd section §6 may define an anoular shoulder 68, which may be useful in supporling the
fongitudinal roember 37, and other like members connected theveto, when a tubular string may be
being made up, for example.

Now deseribing the interior of box 13, generally from the botiom to the top of the
drawing, lougitudingl member 32 may have a bove 62, Bore 62 may be in comspunication with a
bore 66 i box 13, Newr longiiudinal wember 32, bore 66 may be defined by a wall 68 and a
cipvibinear sealing siwface 74,

Teward the bottom eud of box 13 may be s box curvitivear sealing surface 74, A shoulder
73 may connect the wall 72 with the box curvilinear sealing surface 74, Shoulder 73 may be
focated beneath box cupvilinesr sealing murface 74, Dawing makeup, pin nose 38 may not contact
shoulder 73. Instead, the distance that pin nose 38 may travel juto box 13 may be limited during

mak

cup by contact between external pin shoalder 24 and box shoulder 73. Box corvitinear sealing
surface 74 may provide a surface for recelving pin curvilinear sealing surface 36 on pin 12 and
may be of a three-dimensional shape that may facilitate & more reliable threaded connection by
way of a metal-to-metal seal with the pin curvilinear sealing surface 36 (described below).
Toward the apper end of bos 13 may be ap opening 80 which may be delined by a wall
having a multiplicity of threads 81, the parpose of which may be fo allow the pln to enter the box,

thereby allowing for make-up of the pin and box. Threads 81 may be of the same piteh as theeads

30 on theeaded section 28 on pin 12, Threaded opesiug 80 may be alsy tapersd ov shaped to
matingly receive thrended section 28 of pin 12, 1o an exemplary erabodient, threaded vpening

80 may have o smaller-diameter fower base 82 adjacent tora recess 83 and may have a larger-
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diameter upper base 44 towsnd the top end of box 13. Recess 83 may be a threaded-reliel groove
that also functions as a stress redirection groove.

Nearest the top end of box 13 may be an intersal opeuing 83 defined by wall 86 and
Baving a beveled Uy 87 that s sized to recelve upper guide section 26 of pin 12, The combination
of guide section 26 and wall 86 acis lo guide the threaded section 28 on pin 12 and tHueaded
opening 80 on box 13 fogether without cross-threading. Similay guidance on the opposite end of
thrzaded sectioin 38 and thoeeaded opening 80 may be pmvxde,d by the combination af pin
curvitivear sealing suvfiice 30 and box enrvitinear seahng surface 74,

The threads 30 on threaded seetion 28 of pin 17 and theeads 81 ju threaded opening 80 in
box 13 may have a piteh of about four threads per ineh. As those of ordinary skill in the art will
appreciate, any suitable pitch may be utilized. On pin 12, the lower side 90 of each thread 30 may
be boveled dowmwardly, On pin 12, the upper thread side 92 may be also beveled downwardly an
fnwardly. The box threads 1 roay be complersentary to the pin threads 30, so that the two sets of
threads mesh with back-slanted mating sorfaces 92 of the pin threads on back-slanted mwating
surfaces 94 of the box threads and boveled loswer side 90 on beveled upper edge 96, When such
threads are fully engaged, the wedge shapes may provide thread security not only down the length
of the jount but also across the width of the joint. This may prevent the joint from failing due o
expansion of the box diameter dosing stress, a condition known as "belling.”

Referring to PICGL. 3, pin 12 and box 13 are shown in o fully engaged position, Ouw the
fower end of pin 12, pis curvilinear sealing surface 36 may be received by box curvilinear sealing
surfhoe 74, In some embodiments, curvilinear sealing surface 36 is g frustospherieal surface and
curvitinuar seaking surtice 74 is a frustoconical.

in sorse smhodiments, the pin 12 may coniain an anular groove 78 that comprises a ring

of empty space due o the removal of material from the pin. 1o such embodiments, the presence
of the annular gronve 78 creates a section of the pin 12, near the pin nese 38 tn FIG. 4, that i
thinner than serrounding sections. This thinness aliows the pln wose 38 © be flexible and thus
pravide for the rapid-pressare energization of the metal-to-metal seul as described above,

The annular groove 78 way fanction also to receive therein a backuy O-ting seal 76 that
is sized to fi groove 78 The O-ring seal 76 in groove 78 may serve as a back-up seal (o the
priniary metal-io-metal ssal between surfaces 36 and 74, Groove 78 may be dove-tailed to hold
the backup O-ring 76 i place. The depth of sunular groove 78 may be shightly less than the
diameter of the backup O-ring cross seetion so that the backup Chring 76 will provide a prossure

senl against surface 79 of pin 120 The backup Q-ring 76 is a backup seal that sngages the
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eylindrical sarface 79 in the box above the box’s frustuconical metal sealing swrface 74, In a
particudar erbodiment, the primary seal against internal pressure is provided by the metab-to-metal
cemtact between the frustobemispberical surface 36 on the pin and the frustoconical surtace 74 on
the box. This metab-to-metal seul contigaration provides a gas-tight and water-tight seal. Locking
eugagement of threads 3¢ on pin 12 with threads 81 on box 13 may be provided by the wedging
of the upper faces 92 of threads 30 with the Jower faces 94 of threads 81 The mutual eogagement
of these wedge-shaped threads may prevent box 13 from expanding and theveby may provent
thread diseogagement dus to such expanding of the box since any tendency of the box 1o expand
resulis in the pin threads pulling radially inwardly on the box threads.

As stated previously, recess 83 may be a thveaded~relief groove that also functions as a
stress rodivection groove, Shoutder 73 may be located beneath box curvilinear sealing surface 74
Also,in some ombodiments, # sccond Oving 108 may be located in groove 110 to exclude external
pregame. Forexample, such O-ring 108 may serve as a scawaterexclusion seal, However, second
Cring 108 s not requirsd for the disclosed embodiments to operate as intended,

Referring to FIG. 4, which is a close up of the connection illustrated in FIG. 3, pin
cnrvilingar sealing surface 36 is shown forming a metal-to-metal seal with box corvilinear sealing
surface 74. As described above, the main fimitation on the travel of pin 12 into box 13 may be the
seating of the pin end against the box internal shoulder 73, This leaves a gap 990 between pin
nose 38 and box shoulder 73, The pin contacts internal showlder 73, thus closing gap 990, enly
urider conditions of high compressive loads, The size of gap 999 betwesn the eud of the pln and
shoulder 73 may be chosent in order to maxinize the compressive load capacity of the connection.

It is through the metal-to-metal seal between surfaces 36 and 74 that the male connector
may exert conlact stresses on the fomale connector ot vice versa. o some embodinents, said
comtact stresses may tesult from movement by longitudinal member 14 and/ov longitudinal
suember §2 (See FIGL 1 and FIG, 2). To somse embodiments, longitudinagl members 14 and 52 may
he pipe segments connected by way of pin 12 and box 13, Such contact stresses, if large encugh
in magnitude, can cause deformation n the components of first and second conpecting membis,
which in some embodiments may bepin 12 and box [3. Said deformation may result in Huid leaks
throagh the connegtion.

The disclosed cmmbodiments address these defivioncies by providing different shapes for
the disclosed carvilingar sealing surfaces, which i some embodiments noay be the pla curvilinear
sealing surface 36 and bex curvilinear scaling surface 74, Unlike previous designs where the reale

and female connectors may bave matehing surfaces, the disclosed embodiments here may have

i
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mismatched sorfaces, For examply, a male conngctor, shown i one embodiment in FIG. 4 as pin
12, may have a frustohemispherical sealiug surface 36 while a female connector, shown in one
embodiment i FIG. 4 as box 13, may have a frustoconicat sealing surface 74, in anether
exemplary embodiment, the male connestor may be frustospherical and the female connector may
be frustoconical. lu yet another embodient, the male connector may be frustotoroidal and the
female connector may be frustoconical. As those of ordinary skill in the art will appreciate, the
surfaces may be reversed, fe., the male connector may bave the {rustoconical surface and the
female mernber may have the other surface profiles discussed above. In embodiments where the
surface is frustotoroidal, the torus may be of the ring, hown, or spindle type. In such embodiments,
the spindie type of torus may be used becanse it by large radius of cuevature on the male connector
sealing surface. Generally, the shapes used for the male and fomale connectors may be any shape
if the shape is in the form of a frustum of a three-dimenaional geometric object.

FIG. 4 also depicts pin nose 38, In some embodiments, pin nose 38 may be relatively
thin and flexible, thereby allowing the male conneator, here shown in an embodiment as pin 12,
to move shightly in aransverse disection after full comection tothe female connectar, here shown
in an embodient as box 13, In some smbodiments, the flexible nose may provide for rapid-
pressure energization of the metal-to~uetal seal when the connection may be under either inlernal
or external pressure {described herein below),

FIG. 4 abso depicts a recess 100 1n boy 13 adjacent o box shoulder 73 and engaged pin
nose 38, In the drawing, recess 100 roay be located below box curvilinear sealing surface 74 and
pin curvilinear sealing surface 36, Recess 100 iy an endereut radius in the box shoulder 73 that
reducses the stress in this corner.

FIG. S is a graph 120 showing the results of an analysis performed on @ pin and box
conneetion in accordance with the present disclosave.  Graph 120 serves as an exeniplary
mathematical deseription of the rapid-pressure engrgization of the metal-to~-metal seal that may be
caused by the muismatched sealing surfaces and a flexible pia nose. Graph 120 shows the contact
pressare 122 10 a metal-to-metal seal as a function of distance 124 from the pin vose 38 for a
particular smbodiment where the exterior curvilinenr surfuce ofa male conngetords frisiospherical
and imierior curvilinear surface of a forvale conmector i frustoconical. The multiple trend lines
136 fHustrate the wide parabolic disteibation of contact stresses along the wmating frustospherieal
and frustoconical surfaces. The resulis of the test Blustratod in graph 120 show a wide parabolic
range of contact stresses.  As diselosed above, one caw ses fromy the graph that if contact pressure

increases (iHustrated by the height of the inverted parabola), then the contact footprint increases

1
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i size (lustrated by the width of the jnverted parabola).
Although the present disclosure and its advantages have been described in detail, it should
be upderstood that various changes, substitutions and alterations van be made herein without

departing from the spirit and seope of the disclosure as defined by the following claims.
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WHATIS CLAIMEDY IS:

Lo A connector assembly conprising:

a fivst commetor member huving an exterior curvilinear sealing sorfhoe;

a second connector semiber having an interior curvilinear sealing strfacs

whereln the first conneetor member is adapted 1o be received by the second connector
wiemiber, allowing a connestivn w be formed; and

wherein the exterior curvilinear scaling surface and the futerior curvilinear sealing surface
hiave portions with pon-complemendary surface shapes.
2. The conpector asseribly of elaim 1 whereine

the intorior and exterior curvilinear surfaces are selected from & group consisting of
frustoconical surfaces, frustocylindrical surfaces, frustoellipsoidal surfhces, frustospheroidal
sarfaces, Prustohendspherical suefaces, frostopaabolic surfhces, frustohyperbolie  surfaces,
frutstoroidal surfaces, and hlonds thereof; and

wheresin o of the curvilinear sealing surfaoes Iy selocted from the group and the other of
the cuvvilinenr surfaces is selected From Hie remaining mesbers of the group.
3. The connetor assembly of claim 1 wherein:

the first connector member further comprises taperad external threads disposed onva section
of the tirst connector member adjacent 1o the exterior curvilivenr sealing surfacey and

the second connecior wember further compeises tapered internal threads disposed o a
section of the second conneetor wmeber adjiacent to e faterdor curvilingar sealing surfaee,

wherehn the tapered external threads are complementary to the fapered internal threads.

4. The conncctor assembly of clabo 3 wherein:
the interior curvilinear sealing surface of the second connector member containg a recess
adjacont to a nose of the fiest connector member when the first cougector member is seated in the

second comector sigmbier,
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3. The connector assembly of claing 3 wherein:
the first connector member has a flexible nose that will allow the first connector member

to rotate into o different orieutation while seated nsids of the second eomesior member,

6. The conncetor assembly of claim § whevein:
the differsnt oricutation creates a new contact arca between the imterior curvilinear sealing
suefhace and exterior curvilinear sealing suclace; and

surfice contact stresses are exerted by a metalto-metal seal n the contact area.

7. The commector assembly of claim & whevein:
the different orientation couses a rapid pressure-gnergization of the metal-to-mstal seal
whion the comeetion is under cither interial ov external pressuve; and

wherein during the presswrs-cnergization, the sew contact arca widens and the surface

contact stresses increass in magnitude,

&, The connector gssembly of claim 1 wherein:
the first conmector membar comprises a ping and

the second conpector mernber comprises o box,

9, The conneutor assembly of elaing 1 wherel
the: first conpeotor member 16 & o conneator comprising a pin nose and an ansilar groove
an the exterior surfoce of the pin connector proximate the pin bose; and

the second comector 15 a box connestor,

10, The convector assamible of elam | whereiie
4 pap in g divection pargtlel to an axis of the st and second copnector puembers is present

between an end of the first connecior member and a shoulder of the second copuector member,
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FE A method comprising

receiving a fiest conpestor menvber into wseeond conpector mombsr;

whereih the first connector member T an exterfor curvilinear sealing surface and the
second connector member has an interior earvitinear seafing surface; and

wherein the exterier curvilinear scaling surface and the interior curvilinear sealing surface

have portions with pon-complementary surface shapes.

12, The method of claim 11 wherein

the interior and exterior cwevilinear surfaces are selected from @ group consisting of
frustoconical surfaces, frustooylindrical surfaces, frustocllipsoidal surtaces, frustospheroidal
surfaces, frustohemispherical surfaces, frustoparabolic surtaces, frustohyparbolic sarfaces,
fiutstorotdal sarfuces, and blends thereof: and

whereln ong of the corvilingar sealing surfices is selected frove the group and the other of

the carvilivesy mrfaces 1§ sedocted from e remaining members of the group.

13, The wmethod of clatm 11 whereln

ihe tirst connector member fartber comprises tapesed external threads disposed on @ seetion
of the first connecior member adjncent to the extertor curvilinear sealing serface; and

the second conncctor muzmber further comprises tapered internal threads disposed on a
seetion of the second coupector member adjacent to the interior cupvilinear scaling surface,

wherein the tapered externat threads are complensentary to the tapered tnternal threads,

{4, The wethod of clabw 13 whereln:
the futerior eurvilivear sealing surfice of the second connector mumber contalng a feeess
adjavent to a vose uf the frst copnector momber when the fiest connector member ¥s seated in the

second connector member,

13, The reethod of claim 13 further comprising:
allowingthe first connector member 1o rotate into a different urientation while seated juside

the second connector member via g tlexible nose ol the Hrst connector member,

13
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16, The muthod of claim 13 further comprising:
ereatitg & new contaet arca between the ntevior curvilivear sealing surface and exterior
curvilingar surface via the Hrst connector meraber totating ito the different orlentation; and

exerting surface contact stresses via & metal-lo-msdal seal in the pew contact ares.

{7, The method of clatm 16 further comprising:

causing o vapid pressore-energization of the metal-fo-metal seal when the connection is
under eithar intorpal or external pressure; and

during the presswre-enerpizavion, widewing the new confact ares and increasing @

magnttude of the surface contact stresses,

18, The method of claim 11 whereln:
the first conneetor suember comprises a ping angd

the second conmeetor member comprises a box.

19. The wethod of elaing 11 wherein:
the fiest connector smember is & plu connector comprising a pin nose and an asoular groove
on the exterior surface of the pin conneetor proximate the pin nose; and

the sscond conngeior is a box connector,
20, The mathod of claior 11 wheret

A gap ina divection parallel to an axis of the first and second conneetor members 1§ present

between an end of the first connector member and a shoulder of the second counector member

23



