10

30

WO 2020/092194 PCT/US2019/058264
THREADED CONNECTOR HAVING METAL-TO-METAL SEAL

Cross Reference to Related Application
The present application claims pricrity 1o U8, Provisional Application Serial No.

62/751,987 filed on October 29, 2018 which is incorporated hercin by reference in its entirety.

TECHNICAL FIELD
The present disclosure relates generally to commectors for tubular members and, move

particalarly, to threaded connectors having metal-to-metal seals.

BACKGROUND

When o hole i bored into the earth, as for the production of off aud gas, a large dlameter
pipe known as surface casing may be installed into the upper section of the borehole. Surface
vasing stabilizes the walls of the borehole near the surface whers they are move apt to cave in. Qv
toles drilled tn offshone watees from platforms, or jack-ups; the pipe may be extended from the
ocean Hoor to the deck of the drilling structire and i3 often knowrr 85 a marine viser. In such case,
the riser may be an extension of the surface casing and serves 0 prevent entry of sea water into
the borghote.

Make-ip and installation of pipe such as surface casing from floating offshore drillug
structures or vessels may be complicated by the actions of waves on the vessel. Various motions
of the vessel, of which the most eritical are roll and pitch, render the make-up of serew-type
connections very difficult. Not only may itbe difficalt to stab one caging section into another, but
it may be difficult also to attain proper alignment during make-up, which can result in desiructive
cross-threading., While ranning casing of any kind may be difficult n snch hostile envvirosments,
it may be particadarty diffioult tor Jarger casing strings, such as twenty inches or larger. This may
be due not cnly to greater mass of sach larger casing but to the decrease in gllowable wmake-up
angle for a given pitch thread as the pipe dameter increases.

Maintenance of sach pipe way be complicated alao by the wave action of the ocean and
the motion of the vessel, Wave actions and the motion of the vessel apply tension aud bending
the pipes, which in turn applies tension and bending loads on the connectors of the segraents of
such pipe. If the tension and bending loads on the connectors becomes too great in magnitude,
then the Toads will canse distortion and damage 1o the connector, which n uen witl cause leakage.

The above problems are exacerbated by the design of pipe connections, which have ooly
Hmited physical space whereln high contact stresses caw be gxerted. The Hmited size increases the
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potential of metal-to-metal galling during make-up and breakout of the threaded conneetion. Also,
the limited area of contact stresses increases the risk of leakage due to presxisting damage of
surfaces at the metal-to-metal inferface. Such issues have caused pipe connection designers o use
tight controls on machining tolerances when manufacturing connectors.  However, such tight
designs can creals conpectors with higher contact stresses than may be desirable, which can lead

to incrcased make-up torques and potential for galiing.
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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 whiche

FIG. 1 is a loogitadinal cross section of a pin councctor in accordance with certain
gmbodiments of the present diselosuare;

FIG. ¥ is a longitudinal cross seetion of a hox connector suitable for reception of the pin
connector of FIG. 1 in accordance with certain 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 fully 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 conpector adjacent to a pin nose in accordance with gertain
embodiments of the present disclosure; and

FIG. $ Is a graph showing the relationship of the vose seal contact pressure as o fanction
of distance from the nose for a spherc-on-cone seal coufiguration in accordance with certain

embodiments 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 clasity, not all features of an actual implementation are described i this specification,
Tt will of conrse be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be mads to achieve developers’ specific goals, such as
compliance with systeme-related and businesswrelated constraints, which will vary from oue
implementation to another. Moreover, 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 baving the benefit of the present disclosure. Forthermore, inno way should
the following examples be read to Hmil, or define, the scope of the disclosure,

Certain embodiments according to the present disclosure may be directed to threaded
connectors having metal-to-metal seals.  Threaded connectors may have a male conpector
(sometines called a pin) and a ferale connector (sometimes called a box). Convection may be
made by screwing the male connector tnio the female conneetor. Additionally, the male connector
may have an exterior curvilinear sealing surface and the female comnector may have a
corresponding interior cwrvilinear sealing surface, Upon connection, a metal-to-metal seal may be
formed by the contacting of the exterior curvilinear sealing surtace of the malg connector and the
interior curvilincar sealing surface of the female 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 temale to bave a tlush
or near Hush metal-to-metal seal.  For example, previous designs may show both connectors
having a frusioconical shape. Thus, in such designs, the frustoconical male connector may have a
{hush connection with the frustoconical feroale connector,

It is through the metal-to-metal seal that the male convector may exert contact siresses on
the female convector and vice versa. "The conngctors may he located at the euds of longitudinal
members, which may be pipe segrments in soms ewbodinents, that can be conneeted by way of
the connectors. Such longitudinal members may exert considerable stress on the metal-fo-metal
seal in the commection becanse such a longitudinal member may act effectively as a lever on the
connection. For example, the transverse rootion of & longitedinal member may apply signiticant
condact stresses to the metal-to-metal seal, potentially causing the ssal or connection o deform
and create a leak.

The disclosed embodiments address the deficiencies in previous connector designs by

providing different shapes for the contacting carvilinear sealing surfaces of the first and secoud



1o

15

javi
(&3

30

WO 2020/092194 PCT/US2019/058264

connecting menbers, which in some embodiments may be male and famale connectors, Unlike
previous designs where the male and female connestors may have matchiug surfaces, the d istlosed
embodiments Bere may have mismaiched swefaces. For example, n one exemplary embodiment,
the male connector may have a frustohemispherical sealing surface while the female connector
may have a frustoconical sealing surtace. Inanother exermplary embodiment, the male connector
may be frustospherical and the female comnector may be frustocondeal.  Ju yet another
embodiment, the male conngotor may be frustotoroidal and the female comnector may be
frustoconical. As those of ordinary skill in the art will appreciate, the susfaces may be reversed,
f.e.. the male connector may have the frustoconical surface and the feronle member may have the
other swrface. To enobodiments where the surface is frustotoreidal, the torus may be of the ring,
horn, or the spindie type. In such embodiments, the spindle type of torus may be used beeause it
has targe radius of curvature on the male counector sealing surface. Genevally, the shapes psed
for the male and femals connectors may be any shape if the shape is in the form of a frustum of &
three-dimensional geometric object. For example, the shapes used for the male and fenale
connectors may be a shape selecied from the group consisting of trustoconical surfbees,
frustocylindrical  surfaces,  frustocllipsoidal  swrfaees,  frustospheroidal  surfaces,
frustohemispherical surfaces, frustoparabolic surfaces, frustohyperbolic surfaces, frutstoroidal
surtaces, and blends thereof

Additionally, the male connector may have a nose tocated at the tip of' the male conmector.
In embodiments where the male connector is @ pin, this nose may be referred to as a pin nose, The
interior surface of the female connector may be designed fo engage the nose of the male connector
ypon connection.  In some embodiments, the nose of the male connector may be relatively thin
and flexible, thereby allowing the male connector to move slightly in a transverse direction after
full connection to the female connector.

The disclosed mismatched male and female curvilinear surfaces, aloog with the Hexible
male connestor nose, may facilitale a more reliable threaded conneetion having a metal-to-metal
seal. In some embodiments, the flexible nose and mismatched surfaces working together may
provide for a wide parabolic distribution of contact stresses along the mating sealing surfaces.
Also, in some embodiments, the flexible nose may provide for rapid-pressure cnergization of the
wetal-to-metal seal when the connection may be under cither internal or external prossuees,

During said pressurization, the fexibility of the male convector nose may cause the

Rk

curvilinear sealing surface of the male conneetor to rotats or “roll” to o slightly different position

N

on the curvilinear sealing surface of the female connector. o such sase, the contaet footpriug of
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the eontacting curvilinear ssaling surface may widen or generally jncrease in size significantly.
Such increase in the size of the footprint may result in spreading the contact stresses over a larger
surface area, the larger surface area bejug the larger footprint. In addition to a larger contacting
footpring, the magnitude of contact pressure inercases substantially with increasing internal or
external pressure, resulling in a net increase of said contact stresses per unit surface arga of the
metal-to-metal seal. 1u short, this pressurization process iy caused by the flexibility of the pin nose
and the [avorable shape of the contact stress profile. This same flexibility of the pin pose and
fuvorable melal-to-metal sealing configuration may also cause the contact siresses to increase and
the contact footprint to widen when the conmection is subjeeted to tension and bending loads, also
inereasing the contact stresses per unit surface area.

I some erbodiments, the flexibility of the piv vose may be facilitated by an annular
aroove on the sarface 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 Bex. Additionally, the anuular groove may
contain an Q-Ring, which may form a seal against an Wnterior surface of the box conmector, which
in turn may serve as a secondary seal 1o prevent leakage. In embodiments where there is no anoular
groove near the pin nose, the pin nose may be stiff or rigid and not be able to flex in the manner
above described.

The higher contact siresses per unit sarface area under tension, bending, and pressure
loads is an advantage over previous designs wherein lower contact stresses per unit surface area
resulted when a tension or bending force was applisd to the conngotion, In such previous designs,
the lower contact stresses per unit surface avea may have an inereased risk of leakage due to
fusufficient contact pressures or preexisting damage of the curvilingar sealing surfaces at the
metal-to-metal seal. In previous designs, to overcome the fowering of contact stresses resulting
from loading of the connection, the contact stresses at make-up are normally made @ be initially
bigher by inecreasing the interference between the pin and box sealing surfaces, This may create an
inereased risk of galling of'the curviliear sealing surfaces at the metal-to-metal seal during suake-
up and breakout of the threaded conpection, which too can create leabage. In previous designs,
creation of such highsr contact stresses by increased seal interference may reguive higher make-
up torques, which alse may create an inereased risk of galling. Also, provious designs crealing
high vontact stresses over Hmited areas may require connectors to be manufactured with tight
confrols on machiniig tolerances.

The above disclosire has the advantage of having a wider arga of lower comtact stresses

at make-up and breakean, which may signiticantly reduce the propensity for galling during maks-

&



10

LR

/)c\

S

30

WO 2020/092194 PCT/US2019/058264

up and breakout of the threaded connection.  Also, the wider area of contact stross decreases the
risk of leakage at the sealing interface due to preexisting surfbce damage. Lower contact stresses
at make-up leads to rednced or eliminated galling potential and lower make-up forques. The above
disclosure has the further advantage that applied tension Joads further incrense and widen the
contact footprint. The above disclosure has the further advantage that the flexibility of the pin
nose and the favorable shape of the contact stress profile allow significant loosening of machining
tolerances, reducing both manutacturing cost and rejection rates.

One skilled in the art would recognize that the shapes of the male connector and female
connector sealing surfaces could be reversed and still provide similar benefits.

Turning now to the drawings, referring to FIGS. T and 2, a comector assembly in
accordance with the present disciosure is shown generally by reference number 10, The asserobly
10 includes a first connector member, which may be a male connector in some ambodiments, it
a secoud connector meraber, which way be a female conpector in some embodiments. In one
exemplary embodiment, the male connector may be a pin 12 and the fomale connector may be box
13, o FIGS. 1 and 2, pin 12 is shown generally i alignment with and ready (or insertion into a
hox 13,

Referring to PIG, 1, pin 12 may be attached to a longitudingl member 14, Longhiudinal
member 14 bm‘:».x'y be tubular in shape and mway bave a bore 1§ Pin 12 may also be tubular and may
have @ bore 20 which raay be an extension of bore 18 of longitudinal member 14, which i turn
may he evlivdrical for casing applivations, An external makenp shoalder 24 may have a tavger
diameter than longitudinal member 14, Following makeup shoulder 24 may be a cylindrical uppoer
puide section 26. Guide seotion 26 wiay provide a flat surface (when viewed in longitudinal cross
section) and may serve to guide pin 12 into a fomale conneetor, which may be a box 13, ina
manner herelnatier described,

Near the bottom of pin 12 may be a section 2§ having a multipiicity of dueads 30 out
thereon. {1t some enbodiments, section 28 may be tapered such that threads 30 taper from upper
hase 32 down foward lower base 34, As those of ordinary skilt in the st will appreciate, any
suitable taper may be used. o any cass, seetion 28 may be tapered or shaped to permit threaded
section 18 1o travel substantially into the mating threaded section in bex 13 {described below)
before thread engageroent begins.

Wearest the Tower end of pin 12 may be 4 pin curvilinear sealing surfiuce 36, followed by
a pin nose 38, Make up is Hnited by the external pin shoulder 24 contacting box external showdder

~

75, Pin corvilinear sealivg swrfice 36 may be of a three~dimensional shape that may facilitae a
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more reliable threaded conmection by way of a metal-to-roetal seal with the box curvilinear sealing
sarface 74 (described heretn below)

Referring now o FI1G, 2, a box 13 for threaded mating with pin 12 of FIG. | s shown,
Newy deseribing the exterior of box 13 in detail, generally from the botiom to the top of the
drawing, box 13 may be attached to a longitudinal member 52, Longi tudinal member 52 may be
tiblar in shape and may have g bore 62, Box 13 may also be tubular and may bave a bore 66
which niay be an extension of bore 62 of tongitudinal member $2, which in tum may be eylindrical
for casing applications

B

ending to the upper end of box 13 may be & tubular end section 56 which may be larger
in diameter than longitadival member 52, Section 56 may have, i ils intevior, threads for mating
with threads 30 of pin 12 {described heretnafier below), The transition trom tongitadival member
32 to eud section §6 may defing an anoudar shoulder 68, which may be useful in supporting the
fongitudingl member 52, and other ke menbers connected thereto, when a tubular string nay be
being made up, for example.

Now deseribing the interior of box 13, generafly from the bottom to the top of the
drawing, longitudingl member 32 may have a bore 62, Bore 62 may be in communication withea
bore 66 jv box 13, Newr longitudinal wember 32, bore 66 may be defingd by a wall 68 and a
curvilinear sealing swrface 74,

Toward the bottom eud of box 13 may be s box cwrvitivear sealing surface 74, A shoulder
73 may consect the wall 72 with the box curvdlinear seating surface 74, Shoulder 73 may be
focated beneath box survilinear scaling surface 74, Dhring makeup, pin nose 38 may not contact
shoulder 73, Instead, the distance that pin nose 38 may tavel into box 13 may be imited during
makoop by contact between exiernal pin shonlder 24 and box shoalder 73, Box cureilinear sealing
surface 74 may provide a surface for receiving pin curvilinear sealing surface 36 on pin 12 and
may be of a three-dimensional shape that may facilitate o more reliable threaded cunnection by
way of a metal-ti-meral seal with e pin curvilinear seating surface 36 (described below),

Toward the apper end of box 13 may be ap opening 30 which muy be delined by a wall
having a mubiplicity of threads 81, the purpose of which may be to allow the pin to enter the bog,
thereby allowing for make-up of the pin and box. Threwds 81 may be of the same piteh as theeads

30 on theeaded section 28 on pin 12, Thee

fod opesiug 80 may be also tapered ov shaped to
matingly receive thrended section 28 of pin 12, 1o an excroplary eisbodinsent, theeaded vpening

R0 miay have a smaller-diameter fower base 82 adjacent 1o a recess 83 and miay bave a larger
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dizmeter upper base 44 toward the top end of box 13. Recess 83 may be a threaded-reliel groove
that also functions ag a stress redirection groove,

Nearest the top end of box 13 may be an jntersal opeuing 83 defined by wall 86 and
faving a beveled lip 87 that is sized to reveive upper guide section 26 of pin 12, The combination
of guide section 26 and wall 86 acts to gnide the threaded section 28 on pin 12 and Uweaded
opening 80 on box 13 together without eross-threading. Shatlar guidance on the opposite end of
thecaded seotion 28 and tweaded opening 80 may be provided by the combination of pin
curvifinear sealing suvface 36 and box enrviliuear sealing surface 74,

The threads 30 on threaded section 28 of pin 12 and threads 81 in threaded opening 80 in
box 13 may have a pitch of about four threads per inel. 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 beveled downwardly. On pin 12, the upper thread side 82 may be also beveled downwardty and
inwardly. The box thrends $1 oay be complementary to the pin threads 30, so that the two sets of

hreads maesh with back-slanted mating swrfaces 92 of the pin threads on back-slanted mating
surfaces 94 of the box threads and beveled lower side 90 on beveled upper edge 96, When such
threads are fully engaged, the wedge shapes may provide thread secarity not only down the length
of the joint but also across the width of the joint. This may prevent the joint from failing due to

expansion of the box diameter during stress, a condition known as "belling.”

Referring to FIGL 3, pin 12 and box 13 are shown in o fully engaged position, On the
fower end of pin 12, pin curvilinear seafing surface 36 may be received by box curvilinear sealing
sarface 74, In some embodiments, curvilinear sealing surface 36 is a frustospherical surface and
curvilinuar sealing surfiace 74 is a frustoconival.

in some swhodiments, the pin 172 may confain an annular groove 78 that comprises a ring
of empty space due to the removal of material from the pio. 1o such embodiments, the presence
of the annular gronve 78 creates a section of the pin 12, near the pin nose 38 in FIGL 4, that is
thinner than surrounding sections. This thinmess allows the pln wose 38 10 be flexible and thus
pravide for the rapid-pressare euargization of the metal-io-metal sead as described abovi.

The annular groave 78 may fanction also to receive therein a backup O-ring seal 76 that
is wized fo it groove 78 The O-ring seal 76 i groove 78 may serve ay a back-up seal o the
primary metal-tometal seal between surfaces 36 and 74, Groove 78 may be dove-siled to hold
the backup O-sing 76 i place. The depth of aunular groove 78 muay be slightly fess thaw the
diameter of the backap Gering cross seetion so that the backup Chring 76 will provide a pressare

senl against surface 79 of pin 12, The backup Qwring 76 15 a backup seal that shgages the

g
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eylindrical sarface 79 th the box above the box’s frustoconical metal sealing swrface 74, In a
purticutar erabodiment, the primary seal against ndernal pressure is provided by the metal-to-retal
comact between the frustobervispherical surface 36 on the pin and the frustoconical surface 74 on
the box. This metal-to-meial seal configaration provides a gas-tight and water-tight seal. Locking
cugagement of threads 30 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 prevent
thread diseogagement dug to such expanding of the box since any tendency of the box 1o expand
results in the pin threads pulling radially inwardly on the box threads.

As stated previously, revess 83 may be a thveaded-relief groove that also functions as @
stress redirection groove, Shoulder 73 may be located beneath box curvilinear sealing swrface 74,
Also,in some embodiments, 2 second O-ring 108 muy be located in groove 110 o exelude external
presanve. Forexample, sueh O-ring 108 muay serve as a seawater exclusion seal. However, second
Cring 108 is not required for the disclosed embodiments 1o operate as intended.

Referring to FIG. 4, which is a close up of the connection llustrated in MG, 3, pin
eurvilingar sealing surface 36 is shown forming a metal-to-metal seal with box curvilinear sealing
surface 74. As deseribed above, the main limitation on the travel of piu 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 shoalder 73, thus closing gap 990, enly
under conditions of high compressive loads, The size of gap 990 between fhe end of the pin and
shonlder 73 may be chosen it order 1o maximize the compressive load capacity of the connectivi,

it is through the metab-to-metal seal between surfaces 36 and 74 that the male connector
may exert contact streases on the female connector or vice versa. Ly some embodiments, said
contact stresses may resufl from movement by longitudinal member 14 and/ov longitudinal
member §2 (See FIGL 1 and FIG. 2), To some embodiments, longitudinal members 14 and 52 may
be pipe segroents connected by way of pin 12 and box 13, Such contact stresses, i large encugh
in magnitude, can cause deformation in the components of first and second connecting members,
which i some embodiments may be pin 12 and box 13, Said deformation may result in fuid leaks
throagh the connestion.

The disclosed erabodiments address these deficioncios by providing different shapes for
the dinclosed carvitingar sealing surfhces, which in some embodiments roay be the pin curvilinear

ealing surface 36 and box curvilinear sealing surface 74, Unlike previous designs where the male

and female connectors may bave matching sarfaces, the disclosed enibodiments here may have
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mismatched sorfaces, For examiply, 2 male connecior, shown in one embodiment in FIG. 4 as pin

2, may have a frustobemispherical sealing surface 36 while a female connector, shown in one
embodiment in FIG. 4 as box 13, may bave a frustoconical sealing surface 74, In ancther
exemplary embodiment, the male connector may be frustospherical and the female connector may
be frustoconical. tu yet another embodiment, the male connector way 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 firustoconical surface and the
female member pay have the other surface profiles discussed ahove. In embodiments where the
surface is frustotoroidal, the torus may be of the ring, horn, or spindle type. In sueh embodiments,
the spindie type of torus may be used becanse it has large radius of curvature on the male connector
sealing surface. Gensrally, the shapes used for the male and female connectors roay be any shape
if the shape is in the form of a frustum of 4 three-dimensional geometric objrot.

FIG. 4 also depicts pin nose 38, In some embodiments, pin nose 38 may be relatively
thin and flexible, thereby allowing the male connector, here shown in an embodiment as pin 12,
to move shghtly ina transverse direction after il connection to the female connecton, here shown
in an embodiment as box 13, In some embodiments, the flexible nose may provide for rapid-
pressure energization of the metal-to~maetal seal when the connection may be under either interval
or external pressure {deseribed herein below),

FIG. 4 also depicts a recess 100in box 13 adjacent o box shoulder 73 and engaged pin
nose 38, In the drawing, recess 100 may be located below box curvilinear sealing surface 74 and
pin curvilingar sealing surface 36. Recess 100 1y an andereut radius in the box shoulder 73 that
reduces the stress in this corner.

FIG. S is a graph 120 showing the results of an analysis performed on a pin and box
connestion in accordance with the present disclosare.  Graph 120 serves ay an exemplary
matheroatical deseription of the rapid-pressure engrgization of the metal-to~metal seal that may be
caused by the roismaiched sealing surfaces and a flexible pin nose. Graph 120 shows the contact
pressure 122 in a metalto-metal seal as a function of distance 124 from the pin nose 38 for a
particular embodiment where the exterior curvilinear surfuce ofa male connector is frusiospherical
and interior curvilinear surface of a fomale cormector is frustoconical. The multiple trend fines
136 Hustrate the wide parabolic disteibation of contact stresses along the mating frustosphierieal
and frustoconioal surfaces. The resalis of the test Hustrated in graph 120 show a wide parabolic
vange of contact stresses. As diselosed above, one cay see from the graph that it contact pressure

increases (iusirated by the height of the inverled parabola), then the contact footprint increases

i
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i size (Hlustrated by the width of the inverted parabola).
Although the present disclosure and its advantages have been deseribed in detail, it should
be understood that various changes, substitutions and alterations can be made herein without

departing from the spirit and scope of the disclosure as defined by the following claims.

12
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WHAT IS CLAIMED IS:

1. A connector assembly for connecting two tubular members, comprising:

a first connector member having an exterior curvilinear sealing surface;

a second connector member having an interior curvilinear sealing surface;

wherein the first connector member is adapted to be received by the second
connector member, allowing a connection to be formed; and

wherein the exterior curvilinear sealing surface and the interior curvilinear
sealing surface have portions with non-complementary surface shapes, wherein the
exterior curvilinear sealing surface and the interior curvilinear sealing surface are
adapted to provide a metal-to-metal seal against internal pressure by metal-to-metal

contact between the portions having non-complementary surface shapes.

2. The connector assembly of claim 1 wherein:
the interior and exterior curvilinear sealing surfaces are selected from a group
consisting of frustoconical surfaces, frustocylindrical surfaces, frustoellipsoidal
surfaces, frustospheroidal surfaces, frustohemispherical surfaces, frustoparabolic
surfaces, frustohyperbolic surfaces, frutstoroidal surfaces, and blends thereof; and
wherein one of the curvilinear sealing surfaces is selected from the group and
the other of the curvilinear sealing surfaces is selected from the remaining members of

the group.

3. The connector assembly of claim 1 wherein:

the first connector member further comprises tapered external threads disposed
on a section of the first connector member adjacent to the exterior curvilinear sealing
surface; and

the second connector member further comprises tapered internal threads

disposed on a section of the second connector member adjacent to the interior
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curvilinear sealing surface, wherein the tapered external threads are complementary to

the tapered internal threads.

4. The connector assembly of claim 3 wherein:

the second connector member contains a recess adjacent to a nose of the first
connector member when the first connector member is seated in the second connector
member, the recess being located below the interior curvilinear sealing surface and the

exterior curvilinear sealing surface.

5. The connector assembly of claim 3 wherein:
the first connector member has a flexible nose that will allow the first connector
member to rotate into a different orientation while seated inside of the second connector

member.

6. The connector assembly of claim 5 wherein:
the different orientation creates a new contact area between the interior
curvilinear sealing surface and exterior curvilinear sealing surface; and

surface contact stresses are exerted by a metal-to-metal seal in the contact area.

7. The connector assembly of claim 6 wherein:

the different orientation causes a rapid pressure-energization of the metal-to-
metal seal when the connection is under either internal or external pressure; and

wherein during the pressure-energization, the new contact area widens and the

surface contact stresses increase in magnitude.
8. The connector assembly of claim 1 wherein:

the first connector member comprises a pin; and

the second connector member comprises a box.

14
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0. The connector assembly of claim 1 wherein:

the first connector member is a pin connector comprising the exterior curvilinear
sealing surface, followed by a pin nose and an annular groove on the exterior surface of
the pin connector proximate the pin nose; and

the second connector is a box connector.

10. The connector assembly of claim 1 wherein:
a gap in a direction parallel to an axis of the first and second connector members
is present between an end of the first connector member and a shoulder of the second

connector member.

11. A method for connecting two tubular members, comprising:

receiving a first connector member into a second connector member;

wherein the first connector member has an exterior curvilinear sealing surface
and the second connector member has an interior curvilinear sealing surface; wherein
the exterior curvilinear sealing surface and the interior curvilinear sealing surface have
portions with non-complementary surface shapes; and

providing a metal-to-metal seal against internal pressure via the external
curvilinear sealing surface and the interior curvilinear sealing surface by metal-to-metal

contact between the portions having non-complementary surface shapes.

12. The method of claim 11 wherein:
the interior and exterior curvilinear sealing surfaces are selected from a group
consisting of frustoconical surfaces, frustocylindrical surfaces, frustoellipsoidal
surfaces, frustospheroidal surfaces, frustohemispherical surfaces, frustoparabolic
surfaces, frustohyperbolic surfaces, frutstoroidal surfaces, and blends thereof; and
wherein one of the curvilinear sealing surfaces is selected from the group and
the other of the curvilinear sealing surfaces is selected from the remaining members of

the group.
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13. The method of claim 11 wherein:

the first connector member further comprises tapered external threads disposed
on a section of the first connector member adjacent to the exterior curvilinear sealing
surface; and

the second connector member further comprises tapered internal threads
disposed on a section of the second connector member adjacent to the interior
curvilinear sealing surface, wherein the tapered external threads are complementary to

the tapered internal threads.

14. The method of claim 13 wherein:

the second connector member contains a recess adjacent to a nose of the first
connector member when the first connector member is seated in the second connector
member, the recess being located below the interior curvilinear sealing surface and the

exterior curvilinear sealing surface.

15. The method of claim 13 further comprising:
allowing the first connector member to rotate into a different orientation while
seated inside the second connector member via a flexible nose of the first connector

member.

16.  The method of claim 15 further comprising:

creating a new contact area between the interior curvilinear sealing surface and
exterior curvilinear sealing surface via the first connector member rotating into the
different orientation; and

exerting surface contact stresses via a metal-to-metal seal in the new contact

arca.

17. The method of claim 16 further comprising:
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causing a rapid pressure-energization of the metal-to-metal seal when the
connection is under either internal or external pressure; and
during the pressure-energization, widening the new contact area and increasing a

magnitude of the surface contact stresses.

18. The method of claim 11 wherein:
the first connector member comprises a pin; and

the second connector member comprises a box.

19. The method of claim 11 wherein:

the first connector member is a pin connector comprising the exterior curvilinear
sealing surface, followed by a pin nose and an annular groove on the exterior surface of
the pin connector proximate the pin nose; and

the second connector is a box connector.

20. The method of claim 11 wherein:
a gap in a direction parallel to an axis of the first and second connector members
is present between an end of the first connector member and a shoulder of the second

connector member.
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