1 WELLHEAD TUBULAR CONNECTOR CROSS REFERENCE TO RELATED APPLI CATI ON

[ 0001] This application clains priority to US Non-Provisional Application
No. 12/ 62203911/05e308i t | ed "Wel | head Tubul ar Connector", Prras2an/oMayenber
19, 2009, which clains priority to U S. Provisional Patent Application No.
61/ 255,081, entitled "Wl lhead Tubul ar! Connector”, filed on October 26,
2009, both of which are hereby incorporated by reference in their entirety.
BACKGROUND [ 0002] This section is intended to introduce the reader to

vari ous aspects of art | ated~ | aspects of the
present invention, whi CWELE%@EJUEQ&E&I rb&"!ﬁéﬁ-ﬁg bel ow. This

di scussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various
aspect s CRO%$® REFERENCETOREQLATER APRILIONTION t shoul d be under st ood t hat
these statenents are to be read in this light, and not as adm ssions of
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12/622,394, entitled “Wellhead Tubular Connector”, filed on November 19, 2009,
which claims priority to U.S. Provisional Patent Application No. 61/255,081,
entitled “Wellhead Tubular Connector”, filed on October 26, 2009, both of which

are hereby incorporated by reference in their entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Natural resources, such as oil and gas, are used as fuel to power
vehicles, heat homes, and generate electricity, in addition to a myriad of other
uses. Once a desired resource is discovered below the surface of the earth,
drilling and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Further, such systems generally include a
wellhead assembly through which the resource is extracted. These wellhead
assemblies may include a wide variety of components and/or conduits, such as
casings, trees, manifolds, and so forth, which facilitate drilling and/or extraction
operations. A long pipe, such as a casing, may be lowered into the earth and/or
submerged under water to enable access to the natural resource. Additional
pipes and/or tubes may then be run through the casing to facilitate extraction of

the resource.
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reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:

[0006] FIG. 1is a block diagram illustrating a mineral extraction system in
accordance with an embodiment of the present techniques;

[0007] FIG. 2 is a cross-sectional side view of a portion of a wellhead
including a tubular connector system, in accordance with an embodiment of the

present techniques;

[0008] FIG. 3is a top view of lockscrews in a tubular connector system, in
accordance with an embodiment of the present techniques;

[0009] FIG. 4 is an exploded view of components of a tubular connector
system, in accordance with an embodiment of the present techniques;

[0010] FIG. 5is a perspective view of a locking segment, in accordance with
an embodiment of the present techniques;

[0011] FIG. 6 is cross-sectional side view of a lockscrew positioned in a
locking segment and tubing spool in accordance with an embodiment of the
present techniques;



accordance wth an enbodi nent of the present techniques; [0007]FIG 2 is a
cross-sectional side view of a portion of a well head including a tubular
connect orweystigsp3o8n accor dance with an enbodi ment of tReTAISeGIONI9492

techni ques; [0008]FIG 3 is a top view of |ockscrews in a tubular connector
system in accordance with an enbodi nmeht of the present techniques;
[0O009]FIG 4 is an expl oded view of corrponents of a tubular connector

system corgdance with an enbo t resent t i ques;
[ bor0] Fi 01877 BN BukPs S Reitg sPevieBatgoRbg seBne T andtor dance wi th
an e”bOdI'oﬁﬁéﬁre@/flntd‘@rstG§ﬁé‘rﬁ & BCRIMISHKRS: position) in a tubing spool positioned

over a casing, in accordance with an embodiment of the present techniques;

[0013] FIG. 8 is a partial cross-sectional side view taken within arcuate line 8-
8 of FIG. 7, illustrating the first position (e.g., unlocked position) of the locking
segment and the lockscrew;

[0014] FIG. 9 is a cross-sectional side view of a locking segment and a
lockscrew in a second position (e.g., locked position) in a tubing spool positioned

over a casing, in accordance with an embodiment of the present techniques; and

[0015] FIG. 10 is a partial cross-sectional side view taken within arcuate line
10-10 of FIG. 9, illustrating the second position (e.g., locked position) of the
locking segment and the lockscrew.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0016] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0017] When introducing elements of various embodiments of the present
invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there

are one or more of the elements. The terms “comprising,” “including,” and



[0011]FIG 6 is cross-sectional side view of a |ockscrew positioned in a
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“above,” “below,” and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

[0018] Embodiments of the present techniques include systems and methods
for connecting tubular members in a mineral extraction system. In particular, in
some embodiments, one or more lockscrews and locking segments may interlock
to hold a first tubular member (e.g., a tubing spool or casing spool) relative to a
second tubular member. For example, each lockscrew may have a boss
member, which may be configured to mate with a slot of a respective locking
segment. Each lockscrew and locking segment may fit within the first tubular
member (e.g., tubing spool) in the mineral extraction system. Due to the
interface between the lockscrew and the locking segment, the lockscrew and
locking segment may be retained in the first tubular member in an unlocked
position. For example, the lockscrew may be rotated in a first rotational direction
to move the lockscrew along its axis in a first linear direction to drive the locking
segment toward the unlocked position, wherein the locking segment is disposed
in a radial recess in the first tubular member in the unlocked position.
Subsequently, the first tubular member may be positioned over the second
tubular member while the locking segment is disposed in radial recess in the
unlocked position, such that the locking segment does not interfere with
movement of the second tubular member axially into the first tubular member. In
turn, the lockscrew may be rotated in a second rotational direction (e.g., opposite
from the first rotational direction) to move the lockscrew along its axis in a second
linear direction (e.g., opposite from the first linear direction) to drive the locking
segment away from the unlocked position toward a locked position, wherein the
locking segment protrudes out of the radial recess in the first tubular member in
the locked position. In the locked position, the locking segment radially
compresses the second tubular member relative to the first tubular member,

thereby securing the first and second tubular members together.
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first and second linear directions. Furthermore, in certain embodiments, the

interface between the lockscrew and the locking segment may reduce the

number of lockscrews utilized, as only one lockscrew may mate with each locking

segment in the system.

[0020] FIG. 1 is a block diagram that illustrates an embodiment of a mineral
extraction system 10, which may use the unique lockscrew-segment connector
system as discussed in further detail below. The illustrated mineral extraction
system 10 may be configured to extract various minerals and natural resources,
including hydrocarbons (e.g., oil and/or natural gas), from the earth, or to inject
substances into the earth. In some embodiments, the mineral extraction system
10 is land-based (e.g., a surface system) or sub-sea (e.g., a sub-sea system).
As illustrated, the system 10 includes a wellhead 12 coupled to a mineral deposit
14 via a well 16. The well 16 may include a wellhead hub 18 and a well bore 20.
The wellhead hub 18 generally includes a large diameter hub disposed at the
termination of the well bore 20 and designed to connect the wellhead 12 to the
well 16.

[0021] The wellhead 12 may include multiple components that control and
regulate activities and conditions associated with the well 16. For example, the
wellhead 12 generally includes bodies, valves, and seals that route produced
minerals from the mineral deposit 14, regulate pressure in the well 16, and inject
chemicals down-hole into the well bore 20. In the illustrated embodiment, the
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the tree 22 or as a separate device. The BOP 36 may consist of a variety of
valves, fittings, and controls to prevent oil, gas, or other fluid from exiting the well

in the event of an unintentional release of pressure or an overpressure condition.

[0023] The tubing spool 24 provides a base for the tree 22. Typically, the
tubing spool 24 is one of many components in a modular sub-sea or surface
mineral extraction system 10 that is run from an offshore vessel or surface

system. The tubing spool 24 includes a tubing spool bore 38. The tubing spool
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28 to the casing spool 26, etc. Additional pieces or tools may sometimes be
used to lock or unlock certain connector systems. However, such connector
systems may be complex, and may increase installation time of the wellhead
and/or pipe, especially in a sub-sea mineral extraction system 10. Furthermore,
some tubular connectors are positioned perpendicularly to the axis of tubular
members in the wellhead 12. While such perpendicularly positioned connectors

may provide radial support along the axis of the wellhead 12, connectors



[ 0023] The tubing spool 24 provides a base for the tree 22. Typically, the
tubi ng spool 24 is one of nmany conponents in a nodul ar sub-sea or surface
m neral ewOractiseswssystem 10 that is run from an of f shoPeTSe&0l049@p2 sur f ace
system The tubing spool 24 includes a tubing spool bore 38. The tubing
spool 7 bore 38 connects (e.g., enabl®s fluid comunication bet ween) the
tree bore 34 and the well 16. Thus, the tubing spool bore 38 may provide
access to the well bore 20 for varjous conpletion.and.workaver, progcedures.
For_ exanBioviOng FRARHRDOZA10Re kbR G Tter MaifAGinY i JURGER Shosed i n
the tubi aBuERIREMBEFLWRBN 1% §RAhesd fi ot eﬂéhéeé_)ﬁfe%sal% an@tdridiiet chemicals
down-hol e, to suspend tools down-hole, to retrieve tools down-hole, and so
forth. [oo2aditeaxiel sudbcresirongrapvicormantal edrdiiorsl phersierees tulpwar exanpl e,

20, 000 petetde R aties PSR TSRl G Y A et e r act i on -
syst em 18ddayn VR S(RpoatSaritP@RRNI cHifBbe fiekBd@% uskRked witheus, and val ves,
to control and regulate the well 16. For exanple, p s and val ves are

. . . e, plugs a
enpl oyedad@tiorRayjnietas. MY ¢ banaiicialfpeasigriety fmfrletﬁab@(?ﬁa@t'\?'&ri ous bores and
channel s %@rgﬂgngut the mneral extraction system 10. For instance, the
illust ra%1 Change’r 28 (e.g., tubing hanger or casing hanger) is typically

di sposed;Mat-bi N e | I d secuyre casi su ed i.n.the well bore
20, IOand EO\QZ%‘E' ovi%@' gvé%ﬂﬂggoq%%?/%g%ﬂq# S(@c?n\f'é\groqﬂnu‘%ﬁsgg'ﬁg‘?ﬂt@éﬁ i nj ections,
and so f@elifead e haginged cafhddil siesmaiRBRINPAN endledtiBaksceaweeds t hr ough
the center of the hanger 28, and that is in fluid comunication wth the

t ubi ng sPESYVONEDFReMBge WA 2 loekingl sedmrnd So(e. Dntapsredincking.sgorme’lenbl i es

and/ or | Wale® | Ig@d/ i n 8 and the

t ubi ng S%é’%t&%@ﬁﬁdé@é ?@a ca??ﬁlggs%ggﬁ?&gwﬁ%@@gg]%id gfé %Eheezt ubul ar
connect oillastfated.emisediment,che |ddikiig segmpeat 541 udisposedrived sgceBS5|es®., be

enpl oyed togé oin and seal tubular nenbers in the wellhead 12. For exanpl e,

screws, [APREST E1CESEhARC OB Iy IRiBRRIAGREAMBYOIBE RagsRes ed. 880 i n and seal
the t ”g%I%Qlé?(@@WASdé’dIfét(?iQpcS%&ipiﬁatHS‘?rlar@SQ” lsYisdU¥ReAHRAS, t%% 16& sy 6251 Ng

spool onha I eces or tools may sonetines be used to | ock or
unl ock cisracafigueshioenbee they kickimg. sagmentérd, insanchoutoiree recessysd imns may be

conpl ex, and may increase installation tinme he wel | head and/ or pi pe,
capect al TPPPRCA 1R ABSUEE FiveBrar oL B BRIGURRS (bAer Tty . Sone
tubul ar éﬂﬂﬂﬁﬁ&péﬁd%bﬁv&&&kﬁ&QHéqoﬁéﬁﬁéégm%H{94]y to the axis of tubular
menbers in the wellhead 12. Wil e such perpendicul arly positioned

ggmgg: g@z“’i‘j‘y R e AfoWATY BfscasRBR! lefdtbRBY nidlfodilticdb 4 Rfghekihapad 12,
axis or axial direction 42, a radial axial or direction 44, and a circumferential axis
or direction 46. As previously discussed with respect to FIG. 1, the wellhead 12
may include tubular members, such as the tubing spool 24 and the casing spool
26, disposed one over another along a longitudinal axis 48. One or more sealing
assemblies, such as the seals 58, encompassed by the metal ring 59, may seal
the tubing spool 24 and/or the casing spool 26 to a tubular member. Screws 60
may be inserted perpendicularly to the longitudinal axis 48 of the wellhead 12
(i.e., along radial axis 44) to join tubular members of the wellhead 12, and bolts
61 may be inserted parallel to the wellhead 12 (i.e., along axial axis 42) to join
the tubing spool 24 and the casing spool 26, for example. However, connector
methods such as the screws 60 and bolts 61 may each provide support only in

one direction.



8 providing radial support alone may be insufficient for maintaining the
juncture of tubular nenbers when the well head 12 experiences pressure and
t ensi on ayOI2NEI056308 axi S, such as strong environnmental eomdiSLé10/0$9492
Therefore, a tubular connector system which provides additional support
(e.g., axial support in addition to rd&ial support), and which can be

| ocked or unl ocked wi thout additional pieces, may be beneficial for a

vari ety neral extraction | i cati.ons 00 Fl 2.d |cts a

o ose- 2eltioBhar 18 0a8 S L NG coBEPHER S TSR TooATd e INEIOHENS ng
connect ogeGyEHES §ﬂd'tiﬁ@|d¢%é\@mﬁ5‘2 apsi @Qeﬁ%ﬁﬁﬁ@%l&?n@%e%wm@ mate with
a | ocking segnent 54 (e.g., tapered locking segnent, substantially

wedge- shaplleacht® wii W%Mﬂ)bqththmgmabdlmqm 4pand the rasliallditestipnrdd

Capor ea PerbEfieh dfE GkaRAHER s SehBact A Res el SEFIIRERAE o (e

| ockscr enmngRudinaras®ased the welregd and T&@s e @bﬁwéwaﬂz helvewaldriteah ockscr ew

52 is configured to nove the | ocking ment in and out of the recess 55
inr espoﬁ@@eﬂ@X&@%lwarﬂmﬁawm@fdwr@'ﬂ 'M@R@éh%lﬁnSQUd*Dﬁbaééﬁ%aﬁg i ng radi al
expansi og, afgd Aoi3he GhGAPEHL B8 REPERMroftr A8 HelfbddEnd 0! | owi 1o
di scussi on, eferen may be made axi s or aX|a di rection

42, a ralréselthazxgaldegreeﬁ leeg.t appro4imatends o GDrt(tum 50 20 t@#40 a0 abawt 30i recti on
46. As previ O§S|%§dl scussed with resgect to FIG the wel |l head 12 nay
r

i ncl ude HRWEP Riepsses helkvwadhe B I@ﬁlﬁpﬁﬁe@ﬁﬁb@ﬁbﬁ IQFHSCEE S€RPMY spool
26, dISp%%r% 2R3 @%&r@éx@' ﬁl%%&éd’l@hf’&'thé%(ﬁ(&@ﬁe&m@n 4 mor e

seal i ng asse su as the sea enconpassed e'netal ring 59,
may seal Inwtalmnlem’@ohmeols 2dclaabkorg $¢1;ﬂ’nelais54ngwaslpoo|Ude@ tapered suriAce

nber . 6 d d he | di | i
oo 1 ne2 Eoned T Ry TabEle SRS B0 Blerbeb B e B o e rroar ¢
of the V‘ﬁ‘n'e'rWéné@mg%@alQﬁv&rM@r@ é@’ué\ﬁa#d‘ﬁ%bé%npﬁh@ré&bl hwardanyel | head

12 (|.e., al ong axial axis 42) to join the tubing spool 24 and the casing
spool 26putivard exeugmnent aidhelaskingcesgieentdd4 ineeispasss tctheaangled livggarews 60 and

bol't's 61 1IRy. a8 B BlOBLASSHRRPLNGTh ahBIcdSdb5e5H &8s 1% locking

segment 54 is moving axially and radially in the recess 55, it exerts axial force
and radial force against a tubular member.

[0029] As will be further explained, the lockscrew 52 may have a boss 70
member at one end shaped to mate with a slot 72 in the locking segment 54.

The lockscrew 52, the locking segment 54, and the gland 56 may first be
positioned within a first tubular member (e.g., tubing spool 24 or casing spool 26)
in an unlocked position. In the unlocked position, the locking segment 54 may be
moved by the lockscrew 52 into a radially recessed position within the recess 57,
such that the locking segment 54 does not protrude radially into the space inside
the first tubular member in a manner interfering with movement of a second
tubular member into the first tubular member. After positioning the second
tubular member inside of the first tubular member (e.g., tubing spool 24 or casing
spool 26), the lockscrew 52 may be rotated to drive the lockscrew 52 radially
inward along the angled axis 53 toward the locking segment 54, thereby driving
the locking segment 54 radially against the second tubular member. In particular,
the radially inward movement of the lockscrew 52 causes axially downward



[0028] I n one enbodi ment, the connector system 50 includes the |ocking
segnent 54 and the | ockscrew 52 configured to join tubular nenbers in the
wel | head WP 20ittdsex8pport in both the axial direction 42pramdstée/onsdl al
direction 44. In particular, the |lockscrew 52 is oriented at an acute angle
51 relative to the longitudinal axis 48 of the wellhead 12. Thus, the
| ockscrew 52 noves al ong an angled axis 53 inwardly and outwardly relative
to the | ongitudin xi s. 48. For anpl e he angl e 51 of e.angl ed axis
53 my bEOYPEENLP! {heloBng Spem Sashesthat i & riate b5 Hhe
appr oxi NRkRinY seghter®4 HBveo akihg tRE rﬁé’tir@gp@?e@?@#&c@& detHERTesHSS.

e

di scussed below, the angl ed novéenent of | ockscrew 52 al ong the angl ed
axi s 53 imipsn.ttbe axighad iateifacgrthiibutes) tarivet taperachsurfangsi Gare §Awausss. | n

62 o spollit BRAME meSEfThy Bl BB et ST the R PG Ber e BRhd LS 67
t hereby es@hbhingy axérdagomrvescdnandouneaichbay eDgitig el nicvdnddnt] thear d and
outward novenent of the | ocking ?mant 54 in response to the angled |inear

se
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expl ai nefi4 mdebé exlkasacin &Bimitar aneeraelgostsy @lativenther loaksovew Sid shaped to
mate with a slot 72 in the |ockin %eﬁﬁmsnt 54. The | ockscrew 52, the

S eraGRsar

| ocki ng gARa% rasafionah direlionyios PW52ad Y AUNRRHARNBARS a i r st
Lubul ar' SRIBATLSY. tholdth AANRPAR 0ddngseB AR 843R8RY 2Rk foritgein! ocked

posi tion. e unloc posi ng segne may be noved by
t he | ocksecad thRulantoeraberadi al |y recessed position within the recess 57,

such that the | ocking segnent 54 does not protrude radially into the space
i nsi de t[0930] r stFIGUBU$ top wewberthe coansatoneystent 80 beFIG Y withithetvisutrent of a
second tubul ar nmenber into the _first tubular nenber. After positioning the

second t TSIIRE'S remeued fofsslardy of T hengonneckar sysiam 20 i?ré‘ﬁﬁ%‘ge@' .@.C,'rcyl%i ng

| 24 j : : i th
bokscr e B3 HE! AafEARLNERY oy PERRIAH IS B Lobind SN bREEL Vo
segment Wt shbhengbisdpprécigieththd carkietiprsaygtaantS05nay dei exhplpyedai nst t he

d tubul nmber. I ticul t h ially i d t of th
| ockscr eP BEEDA ALY o HSNAGRRERARAUDYET SRt For SFRIAISARFng segrent

54, sucheéiicté/ st EERaf Wef @§so L4 iﬁfthéW@oihg%bbﬁmﬁﬁﬁﬁwﬂtthééaﬁﬁges al ong
the mating tapered surface 64 of the recess 55. In turn, the angléd

i nt er f acepealt26iipubewellbeatid 2t apelr bt $he canractensyaiemeD loglks ido paatiead | v

i nward h [ .94 er ysi he L ockin
egment P0g edbsk FuifEe wile TR e e o R R SRR Rent e
boss 70 ffurldiksteaks52£628 2l0aRingrigatente B8dad4cs laindey@edd 58d-58datheng t he
slot 72 in | ocking segnent 54, while also rotating within the gland 56. The
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segments 54, lockscrews 52, and glands 56. A tubular member having a smaller

diameter may be supported by less locking segments 54, lockscrews 52, and

glands 56. However, any number of the locking segments 54, lockscrews 52,

and glands 56 may be employed in various embodiments, e.g., 1 to 50, 2 to 10,

or 10 to 20.

[0031] In some embodiments, the dimensions of the locking segments 54 and
lockscrews 52 may also depend on the dimensions of the tubular members to be



menbers renoved for clarity. The connector system 50 is arranged in a
circular or annul ar arrangenent, as enployed between first and second

t ubul ar rwotzerigse3wet shown). As appreci ated, the connecPClI/Usysivom4SD may be
enpl oyed between a variety of first and second tubul ar nmenbers. For

exanpl e, the connector system 50 may he di sposed in the tubing spool 24
and/or the casing spool 26 in the wellhead 12, such that the connector

o1t SDASE o BB S oSS St Btbned Bk ebgheL L

54a-54d, g eﬂﬂs%lﬂﬁné/@ﬂvﬁtﬁg orliGfgdus8RIcr&ks boc '@cﬁﬁ@%b’%’%ﬂnﬁ@ﬁ@ @GJSIR/@Q

segnents 4 may depend on di nensions of the well head 12, such as th
di anet erfittingoney endldckeciewnbe forsegnbdecistg ngwtéénaedwtratg@bmeﬂ{%@ For

may e siRuEY Bt by RS Paod bR e GG dgRERE UM bl 52 "ana

gl ands 5@ne Alot FRUb MiatEBHEe mdr@ YhdldoRe okt B2 amRkdtingyf Perstiport ed by
| ess Iockln? segnents 54, |ockscrews 52, and gl ands 56. However, any nunber

of the I@%GR Q%S@a@g\h@%tf@ 55@0 IW@M“S@W@&P geamoeéhelﬂynms'@w oyed in
vari ous B@Qtﬁ"erﬁb&‘ 1to50, 2to 10, or 10 to 20. 11 joined. For
exanpl e, ar nenbers may be supported by w der | ocking segnents

on! 3“322&034@3 o 43 Aol BT se T PSR SRRt i &
3. Howevednnddiorodylzesm Sbas tReNiuBingeasdol |2'40iﬂUQﬂatﬁ@ﬁﬁ@fssér(ﬁb[lnyVrob@¥§oﬂDr €
than one slot 72°to nate with nore than one | ockscrew 52 he fitting of

nor e t hatfedaeksasew e &g Bekingrsegmeitiddn @nddhaeiandsad ﬁ%{?tl‘éﬂ toth@epend on the
d t |
C;gggs;g@g?sgd‘ aléﬁﬁé&% P‘%;r?gge@égg qut IE ttﬁﬁegé}%'l&%ggc E%@ﬁgleds% tand t he

tubi ng spasgages? frbhut&br@dtenrtg cﬁnhaaﬂBn@lspoolrM®§ of/ tmﬂeadlrcg:glandew 52, the
| ocki ng se rrent 54, and the gland 56 relative to the passage 57 and t he

recess 58I Z:J(Hﬁxﬂaésa%@r PERdB56N FEGINGR. B SRFLEU/? ¢ BhéNPat&age 57 from
th t ds 77

i n'? oegagfsﬂagé(-:!“(?% éeég;géggl.ar%n gggl tqg’onr,]rﬁggrs%lggﬁgrrﬁ %95%%2.rggy%lgﬁ%h%¥oengt ZI lic
spacer) belvenstbalpaBdage 57 .a,nobhhmglamd 6bds poorade sealing belyvdm tﬂeipbmgd

bet th 7 d th
ubi g SHOSH 241 RERT 5Bk ICEDE Beta Bhe BY BHLESHOBPT dSTRT et e
the '00k§2bﬂ8’tﬁ8lcﬂikﬂwgt€@gzrh§ﬁtk56‘ﬁwa®%@éﬁ Ié@té@’éﬁh@ﬁ apAURbRthdpgeifheh. and

then inserted from an erior of 'the tubing Spool 24. The | ockscrew 52 nay
be i nserardteneoofithe tpkisgspeobz4. ahe I@(H@ﬁremﬁéarﬂay e ingertathintoiescr ew 52

otkscr el ag e e TR B BRbS RInE bR s URg B eafeodionmy be

pul | ed i Ma@ingiereaee 3sinGide tMBgridB6 .t Neuh@lodkebReE 5Rthrewak eMioTAei S engaged
.e., when the conponents are actuated such that the sgstem is in a |locked

(i
posi t i onglanges, F%@hwmwﬁ%m@ytberwlw infolhg recesealRis ¥@eme he axi s
53 of thgl
| ongi tudﬁ#a%@ﬁ@8%$§¥éttéﬁgs§% ga pdog) ’ZW %eé%%@éé@éhet\%v é%o L,ﬁél‘?ee(;(e t
r adi ?I awbkabhaaahef ﬁ]stiem i§iin @.locke pbsnt&m )i theslodkscraw 5@4%1a\|widxlertrfotdee Eubl ng
spool 24 to pus t oc n ai nst e tubul a er (not
shown) s@PPEEFE B§ @gﬁngg ggglﬂl ﬁSC%FW@SF'Fﬂ%quéF‘@\ﬁnBE Phy mate
with the t r\%%% n s 70 of
t he Iockg‘e'(l:étr)[g)v%I t@%hgng Qﬂ rﬁﬂg%%ls%@g;!h{éhtg fh% |ngbgetghlr%gét gg?\h%eﬂﬁgzss 70 of
t he | ocksexarevadi@ are/atiel farcesn(depadn tireatiartsad4 and 44) within the tubing spool

24 to push the locking segment 54 against the tubular member (not shown)

surrounded by the tubing spool 24.

[0033] The lockscrew 52 may mate with the locking segment 54 via an
interconnection between the boss 70 of the lockscrew 52 and the slot 72 of the
locking segment 56. The boss 70 of the lockscrew 52 may be an end portion that



12 is simlar to a disk shape, and wider in dianeter than the portion of
the | ockscrew 52 i medi ately adjacent to the boss 70. For exanple, as

depi ct ed,woOhe1lls6ioscr ew 52 in sone enbodi nents nmay havePaTrSc@odH49462 g., an
annul ar groove) 68 adj acent the wi der boss 70. [0034] The slot 72 of the

| ocking segnent 54 may be better expl 4€ned in the nore detail ed
illustration of the perspective view of the |ocking segnent 54 in FIG 5.

I nbodi t, th | ot h i 2 i d

por 1 on BATHET Byl LBER, a0R A8 SHMFIT el 11e hOTAB Shate REseiedh o4
whil e thso ﬂﬂﬁi@dﬁ’dtegréfeﬂé(@erﬁ% thd Bo¥d 17@' Fol BRample, %}é’defﬁ &b@Nth@2. In this
manner, the sl ot 72 blocks movenment of the boss 70 (and thus the | ockscrew

52) al onigcksrewrip isdseme ermctumentfaemawayeraewceas (lgugn arnulaegriooykscr ew 52
| | ' , the interl ocki bet the b 70 and
The s o 05 30Boll% fidelBoRe 78 segment 54 to move upward and doamward. s
i , t | ock 5 | th |,
b Bt 1 ontADHby et Soufrof RieoBRES aRat a4 a2V Repater 2aidiiky BlMge  he
boss 70 ﬁ*ﬂo?é‘ﬂeﬁd"l@dﬁlhféttraﬁ@n of iSe bbl‘éﬂ)’ébf‘ 2 Wévxﬁd)ioﬂheﬁgcmﬁ@ s8§m@nebesh bagt om

surface 89, which be approxi mately 90 degrees (i.e., perpendicular)
rel ati veStmoheem@ eakitke 5Bt R maxehamelamrm/wezrtldnﬁ%andwudess 70 may

o R AR SRR a8 A2 o
| ockscr ednBdar §RBIBIEASHE Wit thd hamehpdresh B2, i is Mariee, tlhecsikbtnm segrrent

54 may have teeth 86 along an interior circunference of the | ocki ng segnent

54. The blosksmeyemsnt 9é thapospr@ (arg t@@cti]ﬁ'@@(s@fﬁw&@ awrngﬁha atr\gﬂﬁﬂ ar menber
d'Sposeda&.&%'sdﬁetﬁ%|6JP<‘§CF&{’5?9T%805 ?h”e o2 erw\ﬁéen &‘r@] ggnt 54

may be f he 'tobar a ector system 50

(i ncl udi agsBBetHe)mlt@rwokmgBﬁetvwelee thecblossg’owmetslﬁwz aambetmegd)emnlg 56) is
engaged enbodi ments, the | ockin 54 may

al so havéegrﬁemﬁ‘!ﬂ%ﬁ@vﬁhiPé‘!?(@ﬁ”@'rd%’l’rﬂ"&%mf e‘ﬁ%ﬁ@@re&fat?%engtﬂ%rﬁgﬁbo s@@rrent 54,
e A L s b T G T e i
t ubul ar locks@ewds2 mpytretate and slide the boss 70 along the slot 72. The illustrated

slot 72 has an angled bottom surface 89, which may be approximately 90

degrees (i.e., perpendicular) relative to the angled axis 53 of the lockscrew 52.

Thus, the boss 70 may slide in a radially inward direction along the angle of the

angled bottom surface, and approximately perpendicular to the angled axis 53 of

the lockscrew 52.

[0035] As further illustrated in FIG. 5, the locking segment 54 may have teeth
86 along an interior circumference of the locking segment 54. The teeth 86 may
be suitable for securing contact with a tubular member disposed inside of the
tubing spool 24, such that the locking segment 54 may be firmly held against the
tubular member when the connector system 50 (including the lockscrew 52, the
locking segment 54, and the gland 56) is engaged (i.e., locked). In some
embodiments, the locking segment 54 may also have teeth along an exterior
circumference of the locking segment 54, which may aid in retaining the locking

segment 54 within the space in the tubing spool 24.



and the tubing spool 24 in FIG 4, the connector system 50 may al so incl ude
the gland 56 which may function to tighten against the | ockscrew 52. As

di scussedwbebovseioRe ti ghtening of the gland (e.g., viaraTmsehanusat force)
may exert pressure on the | ockscrew 52, which nmay cause the | ockscrew 52 to
be pushed along the axis 53 of the Ioﬂ:&screw 52. The extension of the

| ockscrew 52 may cause the | ocking segnent 54 to be pushed agai nst the

t ubul , di d.. Th | and .56 it t d 76 of
the 1 ockllERBY 5 iRl g tod axafhoRn i of Bla bl SrafrerinySleat “ao. The
spacer 78ndBe RILHY 8508124l iRTFIE0U, tHECcoMEEsT S8t 501 hAj A1 RcleskRsT ew

space 78 when the gl and 56 tightens to shift 'the | ockscrew 52 into a | ocked
posi t i onglapd@®nyvhicsega funstion tadighten agpinsighe lenksareve bAndst @pcyssedem from a

| ociced poepht B fodepolidts SR Y8l bE-RaRisaF e 47 shells (6: 30
11 ust T apeskii boaksRIRYCEA 52, Whibw ek seament olirews? it lsnd 56

positioned in the tubing spool 24, as well as detailed illustrations of the
i nt er f acelopgttheaxistheof HeKsekssrrwd2anthe aeensiori ¢idhe Lfentevea2 ma t he

t ki i . Wi |
fs 6 Ssb e b SEgRRAERA to B0 fUEBH RS o B ReRRR Ae | X1\ Lbul ar
connect odissysdesin Bife gayndEs may!fitioeet ad outercaothes bf theylotkdurewrS2ymmber s in a

m neral extraction system 10 in accordance with enbodi nents of the present
t echni queésy %%%93? H{”@r@%&%\ﬁ’tﬁ%%ih%?% 80 el FPAGRE ALBENPTAYEBI 24 and

one enbogl; N (=g -t in FIG 6.
The connfegclzltggf;grst@é%&eékggwgb%tth%g{éqg%gg%é\g,%pgﬁg@%h\gﬁ?tltt)r?éjngraggoo 24 has not
yet beentightenatd ehiftdhedockscigwbarntoentoeked posiienwel | head 12 (as in FIG 1).
In particular, the | ockscrew 52 may be rotated in a first rotational

di r ect i of003Y] abdusedlencangfl stuatiigsthe3ubulac aoismectov syman fadmtahfirst ockscrew 52
inafirst linear direction 83 radial Ig outward fromthe tubi _n%gspool 24

and t he PRHEPR (RiIBn&INQGked RASILIONY IRLASEQANE RPR}AIEIR 00100 ROSHIKS: tSew 52 i n

the fiT shehibah FIBECELONIPTaREYBESILRS d-96HiRFaRFORABER ek TITRE (N 2
first axra irection 85 (e.g., upward axl a irection), thereby causing

t he t apeloelinglaeigarant®2, ahdtthe glasekb @ gositgnechin B tubinglspal Pdeaswetig t he
tapered surface 64 of the reces 5. The u rd novenept of, the | ocking
sogment 84 CpRIERdNustiagbnS ef e afertitia etweR afa TadRRCE BP AGCHBE SRARC bt veen
these tagesRanssd fArEHcGRodHeRoGRBISSiIh@ekiMBnE s MBREve b houbmye in a
first radial direction 87 (e.c?. , an outward Tadial direction) further

r ecessi ngemier| ¥ Riler§l e ghrd ftdepictithe onnectoe sysienbib. theiubing speahdér , t he

ot ho't BEAPRY e BPahPelP ik toal i FrRmeRe LR ik ahy B = = 7

i nterfermembidrsiimatrainkadlicxiragfiosystbm #0 imBedetands @ith kentbodineatseool  24.
In sonme enbodi nents, the | ockscrew 52, the | ocking segnment 54, and the

gl and 56th¢a@re§@ntitﬁ§h@muea- in a tubul ar nmenber, such as the tubing spool 24,
i n advance. For exanple, the tubing spool 24 may be nmanufactured to have

t he conni@938] syldreceros9-senticral sidtaview afithé: tultiag spesk?d andohei ques, and t he

o oL AR 8B B85 kB A @ veen (e

connector system 50 is not yet engaged, and the tubing spool 24 has not yet

been installed over a tubular member in the wellhead 12 (as in FIG. 1). In
particular, the lockscrew 52 may be rotated in a first rotational direction 81 about
the angled axis 53 to cause movement of the lockscrew 52 in a first linear
direction 83 radially outward from the tubing spool 24 and the longitudinal axis 48.
In turn, the movement of the lockscrew 52 in the first linear direction 83 causes
the locking segment 54 to move in a first axial direction 85 (e.g., upward axial
direction), thereby causing the tapered surface 62 of the locking segment 54 to



[0039] I n other enbodi ments, the | ockscrew 52, the | ocking segnent 54,

and/ or the gland 56 may be separate conponents, and nay be installed into

t he tubi ryospoaise®4 or any ot her tubul ar nenber when a ecmSceoOMs t o be
made. Due to the design of the tubular connector system 50, installation or
connection between tubul ar nenbers nay not require additional tools or
parts, such as addi tional screws or pins. For exanple, and as di scussed

ith t he b 7 f the | 52 ti d
e AT TR e R

| ockscr ewelgdceking RebmenPSHeH tl@é‘ﬂrs@“&ki‘éﬂﬂﬁéctﬁﬁ% bARhEkIidIAG nFOIREROr System
50 relative to a tubular nmenber. [0040] The installation of the connector

syst em 5betweentibese baprjed sothces crwynddhdk catresspang fsegment 84tto nidue

part i cul B4 M g Al 58 BB iR s BT TEREY RroehBortBeui ng
segnent fdkimgyscentdntS4pne] Breticdgs®E5! hie tBRNMMERHEY, tsy RIcRIMg seymémawp! e, the
| ockscrew 52 nay be fitted with the | ocking se ment 54 and the gland 56 to

be prel 0'&0’@@%‘11”’5%815{ [asieag Sspudie sl being rel@inad OrtbeneRng 6ereMebsreen t he
oss 70 8lkh H2F y Richd TGRS dod ol ARKIPO VIRITERafth b HiguANDT g

spool ernore, “in“sone e onl one SCrew is mat ed

with eacmelnmreklmm taegoising spéol Emﬂroymmg eml@odm@nss;rtlawldi‘kstmw 62gethkeocki ng
segnent 15 54 sinplify installation of the tubing spool 24 over a
casing. oloCKIG R ar it ANCIRGI O SIS MSIAICAT RohOLAEIeTAF G RURRy be
benefi ci b?r\bb IS n I t i i ed

i nstall afg‘%‘ oﬁné)%r ocei‘?orlm% eré%@éedr%blszorlér}(s?ﬁﬁ ?aﬁﬁ%gﬁém :e?)r?é)ﬁ%& rrﬁ%}ogt)%l y

oper at edmandé&oiaredrtoVelvedhe comhestor systead d@in aceordaned withghe peesemtinect or

tem 50 of  th t tech for med sub- th t
P oxi bi | PPN g8 SR o aTn B PS LREA (LTS EBRS 81 or  oyet em 20
are in PREidIEABNS Bebitor! Wi BIBRRl a&,anbh%rroweldagm‘@ewltu%gnay be

install ed over a casing or tubdlar nber 88, as ill'ustrated in FIG 7. As

it 1 ust rafsdg)‘gém]_}t hey Z&HH éhb%ﬁ[?ﬂ@ﬁt%ofh ESEIE %We Rickln Séb?n%ﬁt%eo' (e.g.,

| ocki ng I's axia ralse ally rec Into the recess
55), andamndier ficagldndEonmgy rtn@tse;mtraibecdmmnem:acamjomw ehiastatiedd smipdie 52.

Fr om t ne-PUBLPS0 o Bamyethes 2R Ee TG W Bacho Bt S oRds (et eiene
tubul ar pREWSEhS8eEigh ) e tiRiIdMBndRtdr Sy 8RAPE02thstallation or connection

between tubular members may not require additional tools or parts, such as

additional screws or pins. For example, and as discussed with respect to FIG. 5,

the boss 70 of the lockscrew 52 may be positioned into the slot 72 to axially hold

the locking segment 54 relative to the lockscrew 52 in both locked and unlocked

positions of the connector system 50 relative to a tubular member.

[0040] The installation of the connector system 50 in the tubing spool 24 may
also be simplified due to the configuration of the locking segment 54 and the
lockscrew 52. In particular, the interconnection between the lockscrew 52 and
the locking segment 54 may enable preloading of the connector system. For
example, the lockscrew 52 may be fitted with the locking segment 54 and the
gland 56 to be preloaded in the tubing spool 24, as the interconnection between
the boss 70 and the slot 72 may retain the locking segment 54 in the tubing spool
24. Furthermore, in some embodiments, only one lockscrew 52 is mated with
each locking segment 54. Employing one lockscrew 52 for one locking segment



[0042] A detailed illustration of the positions of the |ockscrew 52 and the
| ocki ng segnent 54 in an unl ocked position once the tubing spool 24 is

i nst al | edwowverr/@emasi ng or tubul ar nmenber 88 is provi de®CiruSENIG048R92 The
cross-sectional side viewof FIG 8 is taken within arcuate |ine 8-8 of
FIG 7. As discussed above, the annul 4? groove 68 of the |ockscrew 52 is
fit into the narrow portion 82 of the slot 72 in the | ocking segnent 54,

while the boss .,70.is. fjt j.nto.the wide portion 84 of .the slot 72 in the
'ocki ng SbgtnemeHly pslalahoh R s bing sl pdre” grchsH BolEURS el ati v to
t he a””“h@m&r?@ﬁ@n@ﬁ/ rddh;@e'iﬁ’é%&l%fof?ﬂirﬁ@, Wﬁi_ch%é‘* Bé%dn@fi&iﬁ?fdr%ﬁbbé‘@ segment
54 when the | ockscrew 52 is noved in the first linear direction 83, or

axi al | y nstedetonasd In sigealwateouseva gimplidedtinsaialisimegrospe®maysalsThe novenent

pvard dovaa R d R SRy oREIeE PERETDR B8Ry TRy enent causes
the tapeih%thll&ﬂbﬁ@ﬁﬂ'oﬁ/?ng)fhdé‘tﬁwrie@@dﬂs}@tﬁﬁmtthé‘ﬂ)ré@rﬁke@lﬁ]imﬁﬂyw .
outward al ong the tapered surface 64 of the recess 55. Thus, the | ocking

segnent Baferaneghgielrspamith sreatasdiexiilds. when in the unl ocked position. In
t he unl ocked position, the Iocking segnent 54 does not exert force against
a t ubul af004diberOncaitie ecasnporeents blither tubslaseonBetonBpstewhd@ Aare e t ubi ng

of “the- 1 BaRorg e BsnBfincsShoet 5 KeTh BB ShookRaned B RSl d 6B rent 54
may not &etubllFwhethdst 88! as mosrgledwh Gt 1e AdibudtedteaEtiaubG@ri n t he
unl ocked position. [0043] A cross-sectional side view of a final |ocked

posi t i onCHINadter SSERM B0 Py $él erunigalieshiesn. logpingraaament&d isrialiybi ng spool

24 and trtb%éedﬁngrg%%%gﬁﬂgé@%s 8d It thd eggwtéﬁ%ﬁgﬁlaﬁd 5%%32@&@& Rosi tion

of the sys een actuate ng the crew 52 and

t he gl antigiiéned mbookethentbokonewts2. tatharckecteeth 8@ oatite fobkinglsegethert may be
ti ght ened nechani cal IIy. However, in other enbodi nents, the tightening of
the gl ane* 3 EAdIak)sratiastactayay fieg Bie WRE'ar ipRMAeT 8dntHadt 1At HiEee 80 i nto a
| ocked pgs ik | I i ok d , or sone

conbi nat ?@H%@‘%Lﬁggﬁem&%ﬁwgﬂﬁﬁ %‘%g’???éﬁ gjr:t%lﬁég %QB@\(Q%{{screw 52 may be

"ot at edjghad SeGoRd0L 3h1o0ARby i hREH Ao A0oARRNbAIDISL RS Sy gl S 53 o

cause novene SCrew second’lrnear direction 92 radially
i nwar d i leckinghszgimdntrigl iaeolinldékddpasition bacé angiubiry spdoldiis iddtallédh turn,

t he novement of the | ockscrew 52 in the second linear direction 92 causes
the | ockPYRS &EAFBACT HOUIY Mebar $84s PERiARD Hk MHF- 81i § Be(CTs-8ectiosay. |
downwar d.;axi i t4 i { e : t he

| ocki ng glggrr@énvg %TSE??'O{B g‘?agghgﬁ gﬁ@%@?ﬁﬁ%? e%efsﬁﬁgffegg?%cgﬁt% Eg%f%ggé’ss 55.
The downikerahnmabaregrente 68 dftiee lankiscreyv S2 geriinntcbthel martdve pedammmel akihal

R e
an i nwar g thadj| @l 78in" el bMing SBYHERYSRT PlUcUDitAB %éatbggidnﬁ’éﬂéf BPtheastENt 54

away fromthe recess 55 against the tubular nenber 88. In this manner, the
| ocki ng g@gelative Batheraratudar gropwelic8l theolockscigwi aisis retainedibutherloakinper 88,

?L?Q?n\é\ndg‘?%%?ﬁteéﬁﬁ’%%tmﬁg IO ERY rdiBolif T ifd tindkY difectibh'és, BF' N9
axially upward and radially outward from the tubing spool 24. The movement of
the lockscrew 52 also moves the locking segment 54 in the first axially upward
direction 85 and radially outward direction 87. This movement causes the
tapered surface 62 of the locking segment 54 to slide upward and outward along
the tapered surface 64 of the recess 55. Thus, the locking segment 54 is moved
into the recess 55 when in the unlocked position. In the unlocked position, the
locking segment 54 does not exert force against a tubular member (such as the

tubular member 88) over which the tubing spool 24 is installed. As illustrated by



[ 0045] A detailed illustration of the |ockscrew 52 and the | ocking segnent
54 in a |l ocked position is provided in FIG 10, which is a parti al

cr oss- secwpandlossiode vi ew taken within arcuate |ine 10- POTafS20H0@49492 As t he
| ockscrew 52 rotates and noves in a downward and radially inward direction
toward the longitudinal axis 17 48, f®e boss 70 of the I ockscrew 52 noves
along the slot 72 of the | ocking segnent 54 to inpart a downward and

dially,i f ' t | ocki t 54. |t of thi
|t er 1 acbeAR B RanBJesHP B PeraoH o8 ReSFER 32 SRdneNuOURETEROSr the
| ocki ng sgaRBNbCItdg sbHRRPBEMRAY ndf bd fesURekRr e¥nRet Mtk thdYRfat he | ocking
segnent 54 in the Second axiall’y downward direction 94 and radially inward

di rect i omegmeras iv the weraokedqosdion. t he t apered surface 62 of the | ocking
segnent 54 to slide dowmward and i nward al ong the tapered surface 64 of the
recess 5M04Bhus A ttossiseckong sidegwemt of5aHfingl |ockextpositionvaf the mbulae recess 55

when in the | ocked position. As indicated. by the contact between the teeth
86 of ¢ heOTSSRHY S mHmrAm Rt ora HE B sRRd e NsBin e HBUBbeki ng segnent
54 exert ;methdcar@aaklivuduaned th FIe5.0e RS IdERedidiRitionatltRE SYBIERES03Say t hus

| ocking the tubular menber 88 relative to the tubing spool 24 when in the
| ocked pbave been aredes] by tightening thedrsk sewvwed2 pndtibe glans d@cki age segnent 54

agai nst a er 8 I T i . rptational

ai'recti onnobifuaine B REaR Br ihuh R0 2R MRLEA AR Bieclafichl) o,

radi al | yHbweeed)in bereinbdemepng ithsl dgR@hirRxofthé Gladd) dridi thugemeer, t he

i nward novenent of the gland 56 may cause axial conpression of seal 80 and
spacer 7@Ctbét|'V@@ﬁth%@bg%éﬁén%déhéﬁtﬁ@ Paddagdosied rasitiani RY ¢6fpr essi on of

e

and the Screw provi sea ween the tubing

| 24 | ock 5 th d 56, .[.0047] Agai n.. the le 51 of
the’l ookOHAY, 3% RO, g BERsS Pt SRV 1ot CaH Bl b BcRRber “sa.
As di scugisestionbsy gbolithtBe Mgl Biis BB tbhrauke thkewreentd the lddks¥ev 82time axi s

48 of the tubi ng spoal 24 and/or any other tubular nenbers of the m neral
ext r act i dges9rd dpearcdiragjion Gekradiadlydniwarchintardieniebingsspaal R4Beward B al force

and axi afo bOf Gifia) £AE 48X AR, 1 MORERRNt OF (oW Bw 52 RARL WeRBRY
linear direction 92 causes the locking segment 54 to move in a second axial
direction 94 (e.g., downward axial direction), thereby causing the tapered surface
62 of the locking segment 54 to slide along the tapered surface 64 of the recess
55. The downward movement of the locking segment 54 in the second axial
direction 94 and the sliding movement between these tapered surfaces 62 and
64 causes locking segment 54 to move in a second radial direction 96 (e.g., an
inward radial direction) causing protrusion of the locking segment 54 away from
the recess 55 against the tubular member 88. In this manner, the locking
segment 54 creates a radial force against the tubular member 88, along with the
retention provided by the teeth 86, while still being retained to the locking screw
52.

[0045] A detailed illustration of the lockscrew 52 and the locking segment 54
in a locked position is provided in FIG. 10, which is a partial cross-sectional side
view taken within arcuate line 10-10 of FIG. 9. As the lockscrew 52 rotates and

moves in a downward and radially inward direction toward the longitudinal axis



perpendicularly to the axis 48 of the tubing spool 24 may apply only radial
force (i.e., force perpendicular to the axis 48 of the tubing spool 24). In
cont r ast ,wohet1ansgioed | ockscrew 52 provi des bot h axi al amdTnsdéialosf402 ces,
while also sinmplifying the connection with tools in a subsea environnent.

18 [0048] I n one enbodi ment, the | ockséfew 52 may have an angle 51 of

approxi mately 30 degrees relatlve to the axis 48 of the tubul ar nenber 88.

I f the | f 20
20 dogr 28 PEILHEA/D sunendihSefal b TopVaaloRGiis Sl Bardhe sk, of her
embodi megs dmof {154 ANBhSarbA Rkl kBRI iRFafcloRtd dGaiet HasobkAyl a1

menber 88 1s small enough for the |ockscréw 52 to nove the | ocking segnent
54 wi t hosegrsanistanfsd resekios thindyedacabeiwean inel kassetd pb@etlo@iﬁscaew a | ocked

Phat  t neogradans e tRe Mot e duhisR B fodlerh e e HUSEEPRI0 T e

for actualb ﬁﬂo&é’@thbubwlﬁ% segmeAt Balin S s&sBrRedMEIBNdowekeart ainsction erked
positions. [0049]While the Invention may be susceptible to various

modi f i ca@n@Fadiahbingard difaetiarnOf orliis meyement saesafolienaReechaiacseen shown
b tail h
riowavar .o TR o SRamaf, 84 3 s cRRER Snd a0 PERERG WA G (o be

limted sufddeebpaf thecrglcass 661 Mhud| td loskidg ngh’rmt ,54t|benmvededtbwmmands to
cover al]| rmdlfl cati onsn 'Fﬂw val ents, . and al ternatlves falli ng within the

spirit aRdNEEBRRSHPS WMRENIRJRA IackRIROSHION: fsiiNGiCatert by i1 6ARRET appended
claims. pdfyeen the teeth 86 of the locking segment 54 and the tubular member 88, the

locking segment 54 exerts a radially inward force against the tubular member 88,
thus locking the tubular member 88 relative to the tubing spool 24 when in the

locked position.

[0046] After the lockscrew 52 pushes the locking segment 54 against the
tubular member 88, the gland 56 may be rotated in a rotational direction 98 to
cause linear movement in a linear direction 100 (e.g., radially inward) toward the
longitudinal axis 48. In this manner, the inward movement of the gland 56 may
cause axial compression of seal 80 and spacer 79 between the gland 56 and the
passage 57. The axial compression of the seal 80 causes the seal to expand
radially against both the passage 57 and the lockscrew 52, thereby providing a

tight seal between the tubing spool 24, the lockscrew 52, and the gland 56.

[0047] Again, the angle 51 of the lockscrew 52 may also affect the connection
of the tubular member 88. As discussed above, the angle 51 of the lockscrew 52
relative to the axis 48 of the tubing spool 24 and/or any other tubular members of
the mineral extraction system 10 may lock the tubular member 88 with both radial
force and axial force. For example, a typical screw which is positioned
perpendicularly to the axis 48 of the tubing spool 24 may apply only radial force
(i.e., force perpendicular to the axis 48 of the tubing spool 24). In contrast, the
angled lockscrew 52 provides both axial and radial forces, while also simplifying

the connection with tools in a subsea environment.



CLAIMS 1. A mneral extraction system conprising: a |ocking segnent; and
a | ockscrew coupled to the | ocking segnent, wherein the |ockscrewis

r ot at abl ewoebsatis¢as8t o t he | ocki ng segnent, the | ockscrerChas2@one4at i onal
axis oriented at a first angle relative to an axis of a tubular nmenber in
the m neral extraction system the fi 18t angle is greater than O degrees
and | ess than 90 degrees, and the first angle enables the | ockscrew to

exert a ial force and an axi.al ,force onto the tubul ar r. 2. The
mner ai ORRELc 10 ne,nenTBETE| Bp docksSlaEpeimey Ravs BEISRT L cont i gur ed
to rotatg br@xﬁ‘nétbryséo Héél%te'sqeﬁtlvg'téﬂﬁé h48 @mhett@mapﬁ@mwaés api s to
cause m)verrent of 'the I ockscrewin a first linear direction radially

out war d $Qmmanmeodinientsthe laegkelﬁmohﬁherieﬁmrew&i’dmamammf{gm a0to 40

axis to dearele rbikEn hifaRR a8 el Ronteh B8 RY A habdEd e "

radi al | ythenawyig 51 @fane Iddk@cr@w 52 @élatﬂi@td méttb@mamﬁ@ﬂber 88is gl ni ner al

extraction systemof cla wherein the novenent of the | ockscrew in the
first |i@Rughiorse iQﬁKS@r@M\’s@g tq H@Vledbﬁﬂ@@jﬂ%é‘ﬁ@m?nt%%t\héut pubstantiat axi al

directi Or‘b ?ﬂ?n@e bbtuer! fﬁjgﬁllotcﬂécﬁ ﬁBEl’tlBH dnil &1 c%(ﬁdtp%sﬁ %ﬁé@rq.,n%gr n{yhe tubul ar

menber , he” nbvenen ockscrew 1 n €' 'secon irection
causes tbwhpw%uleghem@wmnS)allso\Iarglerermugeucxuuhﬁ that thle glane &6iami/@nttiea second

radial direction relative to the axis of the tubul ar 4. The
mi neral @WEF 8B¢i&rfd %ﬂ%SSTeV&ﬁgl'WgceWQ? PrAGtHaliNG e n@gu@égeaﬂfectebnpr. ses

a tapereg%ﬁgﬁ]f@é%ﬁegﬁné%l@dr% &,qloiggér(@ﬁg%gg,gsa mati ng tapered surface

relative to the axis the tubu t he | ocking segnent is

conf | gur Gfhael ML e FABRIGHTSNIACSALABE ERAMEL A% HERRIRG Ry face in

the firs ITection to cauermve |ng segnent in the
first raditerhative fxtisogpedcifid etrfdimekisitiaveasranshaven b9Wayg®fr@¢nhp1enmve t he
tapered surface along the 20
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.



mating tapered surface in the second axial direction to cause novenent of
the | ocking segnent in the second radial direction. 5. The m neral
extracti omoysesnoef claim 1, wherein the | ocking segnmeRCTASAO0$%92 a sl ot
interl ocked with a boss of the |ockscrew. 6. The mineral extraction system
of claim5, wherein the slot is orienf®d at a second angle relative to the
rotational axis of the | ockscrew, and the second angle is approximtely 90
degrees. 7. The mneral extraction systemof claim1l, wherein the | ocking
segnent is substantially wedge shaped. 8. The mineral extraction system of
claiml, CiMMM& n a radially inward face of the | ocking segnent conprises
t eet h. . . o
1. A mineral extraction system, comprising:
a locking segment; and
a lockscrew coupled to the locking segment, wherein the lockscrew is
rotatable relative to the locking segment, the lockscrew has a rotational axis
oriented at a first angle relative to an axis of a tubular member in the mineral
extraction system, the first angle is greater than 0 degrees and less than 90
degrees, and the first angle enables the lockscrew to exert a radial force and an

axial force onto the tubular member.

2. The mineral extraction system of claim 1, wherein the lockscrew is
configured to rotate in a first rotational direction about the rotational axis to cause
movement of the lockscrew in a first linear direction radially outward from the axis
of the tubular member, and the lockscrew is configured to rotate in a second
rotational direction about the rotational axis to cause movement of the lockscrew

in a second linear direction radially inward toward the axis of the tubular member.

3. The mineral extraction system of claim 2, wherein the movement of the
lockscrew in the first linear direction causes the locking segment to move in a
first axial direction and a first radial direction relative to the axis of the tubular
member, and the movement of the lockscrew in the second linear direction
causes the locking segment to move in a second axial direction and a second
radial direction relative to the axis of the tubular member.

4. The mineral extraction system of claim 3, wherein the locking segment
comprises a tapered surface configured to move along a mating tapered surface
relative to the axis of the tubular member, the locking segment is configured to
move the tapered surface along the mating tapered surface in the first axial
direction to cause movement of the locking segment in the first radial direction,
and the locking segment is configured to move the tapered surface along the



9. The m neral extraction systemof claim1, conprising a plurality of

| ocki ng segnents and a plurality of |ockscrews, wherein each | ocking
segrment iwocouplse®st o only one | ockscrew. 10. The nm nePall/tGS20104¢949DN
systemof claim1l, wherein the first angle of the rotational axis of the

| ockscrew i s approxi mately 20 to 40 d@%rees relative to the axis of the
tubul ar nenber. 11. A system conprising: a first tubul ar conponent

conprising,a plurality of first passages,extending froman exterior to an
Coior i or Mg Padt Rt edhin LS bR ARE o iaeaTh ush O RR S ig | <
ori ent Edlo%king geigmntqﬁ\g{éasé@rﬂ;ﬂa\d%me@ﬁb@xi s of the first tubul ar
conponent, and the first angle is greater than O degrees and | ess than 90

degrees; 21 ~a plurality of locking segnents disposed along the
Interl or5_of t H%efhrnsetraltéjxl?}gc%n %9%W8P3Iéim 1, wherein the locking segment

comprises a slot interlocked with a boss of the lockscrew.

6. The mineral extraction system of claim 5, wherein the slot is oriented at a
second angle relative to the rotational axis of the lockscrew, and the second

angle is approximately 90 degrees.

7. The mineral extraction system of claim 1, wherein the locking segment is

substantially wedge shaped.

8. The mineral extraction system of claim 1, wherein a radially inward face of

the locking segment comprises teeth.

9. The mineral extraction system of claim 1, comprising a plurality of locking
segments and a plurality of lockscrews, wherein each locking segment is coupled

to only one lockscrew.

10.  The mineral extraction system of claim 1, wherein the first angle of the
rotational axis of the lockscrew is approximately 20 to 40 degrees relative to the

axis of the tubular member.

11. A system, comprising:

a first tubular component comprising a plurality of first passages extending
from an exterior to an interior of the first tubular component, wherein each first
passage is oriented at a first angle relative to an axis of the first tubular
component, and the first angle is greater than 0 degrees and less than 90

degrees;



a plurality of |ockscrews, wherein each | ockscrew extends through one of
the plurality of first passages to one of the plurality of | ocking

segment s,wearrd11##6398| ockscrew i s coupl ed to one of the plparaiseaig/oed492 ocki ng
segnents ; and a plurality of glands coupled to the first tubul ar
conponent, wherein each gl and conpris@% a second passage supporting one of
the plurality of |ockscrews. 12. The systemof claim 11, wherein each

| ockscrew i s confi gur to rotate jn,.a first rotatiognal difection to cause
overent ot * o Bl Todtng SedhEnls tifposdd Bighg 488 Ior gt S TR ver 4 T rom
the axi sy@|dr@mpdrigntt ubul ar conponent, the novenent of each |ockscrew in

the first linear direction causes the |ocking segnent coupled to the
| ockscrew t o awlality of Iocksstevestivierdinreaah lonksateweextends thrawghapneliof ect i on

compr i sctiepbfniitsfhadthesghthsinfahe B BT Ik SR Dered
surface gacinbckberelnit@oupledb driteoff thePluraijudfasckivgreegmedas hanecki ng
segnent is configured to nove the tapered surface al ong the m_atégq%tapered

surface in thePluraly ahalandsaequpied BnthedirebiubelaneeeiRanenbiwhersin ng
segnent Qlanarb%n%rrs%ts %é&ﬁdﬁs{?ﬁpb's @gortf’r@‘oﬁ@& Sﬁlﬁr@liﬁf oﬂb?ﬁsﬁr&\%s wher ein

each | ockscrew i's confi gure ota I n~a second 'r ot at’i ona rection to
cause novenent of the |ockscrew in a second linear direction radially
inward toward_the axis of the first tubul onent, .the novenent of the

r co ,
| ockscrelfin tIhe %’é&%ﬁ@?lcﬁ@aw’dmeééﬂ %P@Qﬁg%gg‘{"ﬂ% CPBEKITRY R EBWEMN coupl ed
to the | 9¢ksGhEIORAl dﬁ%’cﬁioh%%&ﬁ@??@lﬂ/ﬁ?rﬁlof%é seRvARh Airst fRERd radi al

direction relative to the axis o rst tubul ar conponent, and each
| ocki ng Giegptiont radizlly g feaimttbe rmxieeoft the firstdebeldr sampacentltiierg t he mati ng

{aper 0 SkeARP RoblS RSN MR rinB Balch S51KSE MRYSHERY 0T ¢ e
cl ai m 11geMieretduptad b IhROKERELrSRITRRGVCiANDfilst BRiafdfé&ion and a first
radial direction relative to the axis of the first tubular component, each locking
segment comprises a tapered surface configured to move along a mating
tapered surface along the interior of the first tubular member, each locking
segment is configured to move the tapered surface along the mating tapered
surface in the first axial direction to cause movement of the locking segment in

the first radial direction.

13.  The system of claim 12, wherein each lockscrew is configured to rotate in
a second rotational direction to cause movement of the lockscrew in a second
linear direction radially inward toward the axis of the first tubular component, the
movement of the lockscrew in the second linear direction causes the locking
segment coupled to the lockscrew to move in a second axial direction and a
second radial direction relative to the axis of the first tubular component, and
each locking segment is configured to move the tapered surface along the
mating tapered surface in the second axial direction to cause movement of the

locking segment in the second radial direction.



i nterl ocked with a boss of the | ockscrew coupled to the | ocking segnent,
and the slot is oriented at a second angle relative to a rotational axis of
the | ockswpen1/054®8 The system of claim1l, wherein eaclrCgluseaooemp?i ses
external threads coupled to mating internal threads in one of the plurality
of first passages, and each gl and conﬁ?lse I nternal threads coupled to

mati ng external threads on one of the plurality of Iockscrews. 16. The

system of , cl ai 11, where t irst angle et ween a oximately 20 to
30 degr ebt. TRe ST RBHA R idigin AN Sokio 3B0METE COBESER Eph a 11 1 ot
rotati OnlﬁlterﬂjdkéétMWa bes§ e I'@EK@&F@WC&IpIéd’% t'h@%ét@ﬁ@‘é’egﬁeﬁt fdrdcsthel | near

direction radially outward at a first angle froman axis of a first tubular

conponenslobis criafitedaha segonAenpeeialivedma wtiaiariah axiseofithe fackapigve i s
greater than O degrees and | ess than 90 degrees; and novi ng a | ocki ng
segnent in a first axial direction and a first radial direction away from

the axi s18f t1ﬂﬁe%¥£t@'tn busIEingr 1 CRRBAINIG RAch B ArRFEONPAséDexerRlBiMeant t he
| ockscrew in the tirst linear direction, wherein the | ocking segnent is

coupl ed €QURIBG to Matisgriaiprnal threatisdn peeit dheplusaldy of first nasaRIeS iang:
each gland comprise internal threads coupled to mating external threads on one

of the plurality of lockscrews.

16.  The system of claim 11, wherein the first angle is between approximately
20 to 40 degrees.

17. A method comprising:

rotating a lockscrew in a first rotational direction to cause movement of the
lockscrew in a first linear direction radially outward at a first angle from an axis of
a first tubular component of a mineral extraction system, wherein the first angle is
greater than 0 degrees and less than 90 degrees; and

moving a locking segment in a first axial direction and a first radial
direction away from the axis of the first tubular component in response to
movement of the lockscrew in the first linear direction, wherein the locking

segment is coupled to the lockscrew.

18.  The method of claim 17, comprising:

inserting a second tubular component inside the first tubular component;

rotating the lockscrew in a second rotational direction to cause movement
of the lockscrew in a second linear direction radially inward at the first angle
toward the axis; and

moving the locking segment in a second axial direction and a second
radial direction toward the axis and against the second tubular member in

response to movement of the lockscrew in the first linear direction.



inserting a second tubul ar conponent inside the first tubular conponent;
rotating the | ockscrew in a second rotational direction to cause novenent
of the | owk=eorienssioa a second |inear direction radially iPomarsdoiatddsbe fir st
angle toward the axis; and noving the | ocking segnent in a second
axial direction and a second radial dffection toward the axis and agai nst
the second tubul ar nenber in response to novenent of the |ockscrew in the
first linear djrectjon. 3 . The met hod of claim 17, wherei .otating
the | ockilr ewl b ASAS! it ini e gT0 iRt e GasSeiRy Camiens FalSo ot | of
the | ockipgssegiRiocksBw witinBE4IBRG B 16tdhdsddmenhier ei n novi ng the

| ocki ng segnent conprises noving a tapered surface of the |ocking segnent
along a mating tapered surface along an interior of the first tubular

corrponenéo_ The method of claim 17, wherein moving the locking segment comprises
moving a tapered surface of the locking segment along a mating tapered surface

along an interior of the first tubular component.



