1 | TUBI NG CONNECTOR Thi's i nvention

relates to a tubing connector, &n artjicular to a connector for
qH'If%HEBEERb S BEE

o

use in joining | engths of ngy. .

WO A- 93\ 25800 (5965]7/2119? ernatio 5 di scpefdhssBb26
which is incorporated herein by reference, descri bes a nethod of
conpl.eti ng an uncased section of a bor ehol e in'ﬁﬁ“undefgﬁeﬂnd—___“
oil-bearing formation. An expandabl e |iner provigg SM%&P

over | appi ng | ongi t udi nal slots is fixed at a predet

in the borehole. 10 A tapered GXW Is the Eﬁ] mﬁm
the liner . and expands the Ii -er Iarg

mandr el maxi mrum di aneter. In particular, the tubing expands by

This invention relates to a tubing connector, and in
particular to a connector for ﬁse in jeoining lengths of
expandable tubihg. | |

W04A-93\25800 {Shell Internationale Research), the

5 disclosure of which is incorporated herein by reference,
describes a method of coﬁpleting an uncased section of a
borehole in an underground oil-bearing formation. An
expandable 1liner providéd with overlapping longitudinal
‘slots is fixed at a predetermined position in the borehole.

10. A tapered expansion mandrel is then moved through the liner
and expands the liner to a diameter larger than the mandrel
maximum diameter. Ideally, the liner is expanded to such'
an extent that it contacts the bore wall.

In certain applications it is desirable to provide a

15 relatively long sectiqn.of borehole with slotted liner.
« This requires two or more lengths of slotted liner to be
joined together at the surface, prior to running into the
borehole. Conventionally, the lenqths of liner are welded
together, however this is a time-consuming and potentially

20 dangerous operation, due to the elevated temperatures
created by the welding process. The heaﬁ'created by the
welding operation may also affect the prépert;es of the

metal at the liner ends. Achieving consistent weld quality

may alsc be difficult, particularly when the welding

.25 operation is to be carried out, for example, in exposed

conditions on an offshore facility. Further, if any



deformation of the liner wall and enlargeneht of the slots: t he
pi eces of the slotted liner where the slots do not 15 overl ap,
that is the areas between the ends of axially aligned slots, deform

wal |

in citcunferentia
the slots do N@¥VAPILt he wal |

direction; and in t he adj acent sections wherein

pi eces between adj acentPEI/EBIS03WB6 at e

and bend out of the cylindrical surface of the undefornmed |iner.

| deal’l y, the
bore wal | . In certain applications it is desirable
to provide a

t he

20

liner is expanded to such an extent that it contacts

relatively |l ong section of borehole with slotted |iner.

~This requires piroblemsTire lefdghhSepéd SWRile dodnnitlg ttheb@ ind® intd Okwed
together at the surface, prior to running into the bor ehol e.
Convent i onal | ypotrétolengnistiné lﬁnaa’sarénqwmmﬁnibe.retrieved, it is not
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possible to disconnect the welded lengths of tubing and
these must be cut apart, and the cut lengths may have to be

scrapped.

It is among the objectives of the embodiments of the

present invention to provide a tubing connector which will

obviate or mitigate at least some of these disadvantages.

According to a first aspect of the present invention

there is prcﬁided a tubing connector for joining the ends
of two 1lengths of expandable tubing, the connector
comprising two expandable tubular portions for mounting on
the ends of the lengths of expandable tubing, each portion
including a plurality of circumferentially spaced couplings
for engaging corresponding couplings on the other portion,
the engaging parts of the couplings being located on parts
~ of the tubular portions which are substantially undeformed

following expansion of the tubular portions.

For use with expandable tubing featuring overlapping

longitudinal slots, the tubular portions ﬁay include.
corresponding overlapping longitudinal slots arranged such
that the connected tubular portions exhibit a similar
pattern of slots to the tubing, with the csuplings located

on the "nodes" between the ends of axially aligned slots.

To provide the connection with the necessary strength

it will often be necessary for the thickness of material at
the connected couplings, that is where the corresponding

couplings overlap or meet, to be greater than that of the



- together, however this is a time-consum ng and potentially dangerous
operation, due to the elevated tenperatures created by the wel ding
process. The heat created by the welding operation may al so affect the
properties of P&b97 %ﬁ% at the liner ends. Achieving consi stRETIGBIEPIH26
quality. may a B ifficult, particularly when the welding operation is
to be carried out, for exanple, I n exposed conditions on an offshore
facility. Further, if any MD 97/ 21901

PCT/ GB96/ 03026 probl ens are
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€ retrieve I S not
itself, such that the couplings may be upset from the inner

or outer tubing surface.
Preferably, the couplings may be disconnected, to
5 allow disconnection of the tubing lengths, if desiréd.
Preferably also, the cooperating or engaging parts of
the coupling may define, fbr example, cooperating tongues
and slots or pins and bores, the couplings may be threaded,
and the couplings may define teeth or undercuts. The
10 couplings will generally be provided in male and female
| form, that is one coupling is axially received within the
other. The couplings may additionally be secured to one
another by any suitable means or combination of means,
including adhesive, fadiai screws or pins.
15 The couplings of one embodiment are in male and female
| form and define corresponding threads, the outer female
coupling including a dog which is biassed towards a
position engaging the corresponding male coupling.
Preférably, the dog is initially held in a retracted
20 'position and may be released, once the couplings are in the
desired relative positions, to engﬁge the male coupling.
Conveniently, the dog is in the form of a sprung pin.
Preferably also, £he longitudinal extent of each
coupling is restricted to parts of the tubular portions
25 ‘which are substantialiy undeformed following expansion of
the tubular portions. In other embodiments the couplings
may exﬁend over parts of the tubular portions whiéh are

subject to deformation.



possi bl e to di sconnect t he wel ded | engt hs of tubing and - these nust

be cut apart, and the cut |engths nay have to be 5. scrapped.

It is anmobng the objectives of the enbodi pents of the pr esent
i'nvention t({ygéﬁ%/wge a tubing connector which wll ORI BEI08028"
mtigate at Yome of these di sadvant ages. According to a
first aspect of the present invention 10 there is provided a tubing
connector for joining the ends of two | engths of expandabl e tubing,
t he connect or conprising two e%pandable tubul ar portions for
mounting on s of | engt pand hl e tubin each
portion cluésﬁb OEI éhe? Q??%%nﬁeren § g aéaﬁhcouplings
15 for qggaghggOEQé I GEub?: Qllngs on the other portion,

t he engagi ng parts of the couplings b& ng |ocated on parts

tubul ar portionsthbi &abalgrswesbarki dayy imsieide nﬁhlall extiedldiny ng

expansi on of the tubul ar portions. use mnth expan
t ubi ng feathandglngerbhppndgrszo to mangntudtealhaﬂhmiﬁg bbe the

portions
5
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may i ncl ude
respectlve tubing lengths.

The tubular members may be integral with the
respective tubing lengths, or may be formed separately and
welded or otherwise connected to the tubing length. In the
former arrangement the ends of the tubing lengths are
machined or otherwise shapéd to form the tubular members.
In the latter arrangement the tubular members may be at
least partially formed and then welded or otherwise fixed
to the tubing 1lengths; ” in a preferred embodiment the
longitudinal slots in the tubing lengths and the tubular
portions are formed once the tubular portions have been
welded to the respective tubing lengths.

- According to a further aspect of the present invention
there is provided a tubing connector for joining the ends
of two 1lengths of expandable tubing, the connector
including expandable tubular portions for mounting on the
lengths of expandable tubing and each expandable.tubular
portion having a coupling part for joining with a coupling
part of another tubular portio , a first coupling part
being of larger diameter to receivs a second coupling part,
whereby the expandgd connector defines an upset where séid
first and second coupling parts overlap. '

The upset may be external or internal, though it is

generally preferred that the upset is external. An

of t he

dabl e
bul ar -



correspondi ng overl appi ng | ongitudi nal slots arranged such that the
connected tubul ar portions exhibit a simlar pattern of slots.to the
tubing, with the couplings |ocated on the "nodes" between the ends
of axially aliogwedrsisets. 25 To provide the connect i BOTABRIN306e
necessary strength it will often be necessary for the thickness of
mat eri al at t he connected couplings, that is where the
correspondi ng ' couplings overlap orsneet, to be greater than that of
t he PCT/ GB96/ 03026 WO 97/ 21901 _
3 remai nebegerpialt upsetbwagr apsist oirs amchdhimeeexpadabd etibiidgin
itself, such that the couplings may be upset fromthe inner or outer
tubi ng surface.a bore by engaging the bore wall or engaging cement into
which the connector expandé. - _
The thickness of material, typically metal, present at
5 each upset will generally be equivalent to twice the
thickness of the tubing or the expandable tubular portions.
According to a still further aspect of the present
invention there is provided an expandable connector for
joining the ends of two lengths of expandable tubing, the
10 connector comprising first and second expandable tubular
portions for mounting on the ends of the respective lengths
of expandable tubing, the first portion including a
plurality of circumferentially spaced dogs, each dog being
biassed towards an extended position for engaging the
15 second portion, the dogs initially being held in a
retracted position and being releasable to move to the
extended position to- engage the second portion once the
portions have been brought together.
According to another aspect of the present invention
20 there is provided a connector comprising first and second
threaded parts, the first part including a dog biassed
towards the second part, wherein once the parts have been
threaded together the dog engages the second part to
restrict relative rotation of the parts.
25 _ Preferably, the dog is initially held in a retracted
position, to permit relative rotation of the parts, and is

releasable to engage the second part at an appropriate

point. Conveniently, the dog is in the form of a sprung



Preferably, the couplings may be disconnectéd, to 5 al I ow di sconnecti on
of the tubing lengths, if desired. Preferably al so, the
cooperating or engaging parts of the coupling may define, for

exanpl e, coowég% E'?‘ t ongues and slots or pins and bpéﬁéagspog@m
e

couplings ma aded, and the couplings may define teeth or
undercuts. The couplings will generally be provided in nmale and
femal e forn1 that is one coupling is axially received within the
other. The couplings nmay additionally be secured to one anot her by

any sui tabl epggans e ﬂbsna t b@N18EabBENEn a bore iMCtuuligig-Ad %‘:ai-'t
radi al screms or pins. %ﬁ ¢ The couplings of one enbodi nEnt are in

mal e and femahd be reléauéaé&&bﬂeﬁhﬁee&&&t&&pommlmhérwsﬁ@sbyghchuter
femal e coupling including a dog which is biassed towards a
position engxghpye, twathduawesgondmi}prﬂnqaqxnguﬁhmgpln and whieherably,
the dog is initially held in aretracted 20 position and nmay be

rel eased, onEESEReOBotRe| PRfermSArfacenhef the first part.

5 These and other aspects of the present invention will
now be described, by way of example, with reference to the
accompanying drawings, in which:

Figure_i is a side view of two lengths of expandable

tubing which have been joined using a tubing connector in

10 ' accordance with a preferred embodiment of the present
invention; |

Figure 2 is a sectional view of the tubing of Figure

 Figures 3 through 9 are enlarged sectional views of
15 parts of tubing connéctors in accordance with various
embodiments of the present invention;
Figures 10 and 11 are enlarged views of the connector
of Figure 9 of the drawings; and .
Figures 12 and 13 are sectional views of parts of a
20 tubing connector in accordance with anoﬁher'aspect of the
present invention. |
'Reference is first made to Figures 1 and 2 of the
drawings, which illustrate two lengths of expandable
longitudihally slotted tubinq.lo, 11 which have been joined 
25 together using a connector 12 in accordance with a
preferred embodimént of the present invention. The tubing
lengths 10, 11 are p.ro.vided with overlapping longitudinal.

slots 14 (only some of the slots have been shown for



desired relative positions, to engage the coupling.

Conveniently, the dog is in the formof ajjs '

Preferably also, the |ongitudinal extent ﬂmé ,ggz%égeggﬂp ing is .
restricted to pgidenedert he tubular portio | POFORINGI0 | y
undef orned foll ow ng expansi on of t he tubul ar portions. In other
enbodi nents. the couplings may extend over parts of -the tubul ar
portions which are subj ect to deformation. WO

97/ 21901 PCT/ GB96/ 03026

4 aFa@ingNRAGLoEy Ry theaRL oW dael. ithba A ILBAkeO R fablled as

| engt hs of expandabl & tubi ng. he tubul ar nenbers may i ncl ude

radial |y extendiedgribed in wbandbamacahqshéemsxntémamauetMsaaﬂwndI i ng
Of the The connector 12_comprlses two expandable tubular portions
16, 17 which are slotted in a similar fashion to the
5 lengths of tubing 10, 11. The tubular portions 16, 17 are
welded to the ends of the respective tubing iéngths 10, 11
and the slots then cut such that the tubular portions 16,
17 will expand in concért with the tubing lengths 10, 11.
Further tubular portions 16a, 17a are also shown mounted to
10 the free ends of the tubing lengths 10, 11.

Each tubing length 10, 11 carries a number of handling
shoulders 18, and corresponéing shoulders 19 are provided
on the tubular portions 16, 17. The shoulders 18, 19 are
useful when hahdling and transporting the varioué parts,

15 and maj also be used when connecting the tubular portions
16, 17, as will be described.

Each tubular portion 16, 17 includes a plurality of
.pircumferentially spaced éouplings 20, 21 at the portion
free end, _for engaging a corresponding coupling on the

20 other tubular portioﬁ 17, 16; the couplings 20, 21 are
located at the "nodes" 22 between the ends of the slots 14
in the tubular portions 16, 17, the metal at the nodes 22
remaining substantially undeformed when the tubular
pbrtions 16, 17 are expanded.

25 Reference is now made to Figure 3 of the drawings,
which illustrates a pair of couplings 20, 21 in greater
detail. It will noted that the coupling 20 defines a

female portion 24 defining an internal screw thread and the

is Sheet Has Been RTlaced

T ir




5 respective tubing | engths. The tubula
integral with the respective tubing lengths, o

machi ned or e shaped to formthe tubul ar nenbers
| atter arrangenent the tubul ar nmenbers nay be at

r

menbers rmay be

r may be forned
separately and wel ded or ot herwi se connected to the tubing | ength.

In'the rer arrangenent the ends of the tubing Sose 10
wgeraPils reRits

| ea

I'n the
st partially

fornmed and then wel ded or ot herwi se fjxed to the tubing | engths;
in a preferred enbodi ment the ongi tudi nal slots in the tubing

1 MO [P Seplalty ek

portions hav to the respec

Accor di Ng ¢firdy iryf (difre:aieRll thre8@ BhESehk ieRU8NLEORKe
provi ded a tubing connector for joining the ends

of

ubyl ar
8hgt%%. |
rtibpsre is

two | engths of

expandabl e24 ub2sgaréhelsonnaaepcut 280 mindmisdi Rjeeypasdvdl oy upgl ar
portions for nounting on the | engt hs of expandabl e tubing and each
expandabl eraddal meparation. In addition, two screws 26, 27 fix the

5 portions 24, 25 together.

It will be noted that the combined metal thickness of

the joined couplings 20, 21 is greater than that of the

adjacent tubular portions 16, 17, such that this form of

connection would not be suitable where it was desired to

10 provide expandable tubing with a smooth or flush outer

surface.

- Reference is now wade to Fiqure 4 of the drawings

which illustrates threaded couplings 60, 61 which may be

torgqued up.

15 Figure S5 of the drawings illustrates couplings 64, 65

which define a "stab in" connector, that is the coupling

64, 65 are simply pushed together, and a single screw 66 is

also provided for securing each pair of couplings 64, 65

together.

20 Figure 6 illustrates an arrangement in which one

coupling 70 defines a threaded tongue 72 which is received

by a slot 74 defined by a shroud 75 fixed on the other

coupling 71. Further, a screw 76 is provided to secure the

couplings 70, 71 together.

25 Figure 7 illustrates couplings 80, 81 defining ratchet

threads 82, 83 with a back angle, and including a securing

screw 84.

Figure 8 illustrates couplings 88, 89 without threads



portion having a coupling part for joining with a coupling part of
anot her tubular portio , a first coupling part bei ng of | arger

di aneter to receive a second coupling part, 25 wher eby t he expanded
connéctor defi RES oRhobiPS €t where said first and s_econdPC’ﬁGp?ﬂﬂﬁgﬁ- _
parts overl ap. The upset may be external or internal, though it
s | generally preferred that the wupset 1is external. An

WD 97/ 21901 ' PCT/ GB96/ 03026

5 external upset may assist in anchoring expanded tubing in

a bore by engaghgghgbg gggéiﬂgylb¥o&wgng@gé@g SEMRYYL into ~ Wwhich the
connect or expands. he thickness of material, typically netal,
present at 5 easherdid i4 | howenaael ty¥ Fegueaubvalferhe! Grladingst he
illustrating couplings 130, 131 in accordance with another
embodiment of the invention. 1In this éxample the couplings
5 130, 131 define hook or ratchet threads 132, 133 and
undercut end surfaces 134, 135; Additionally, the coupling
130 includes a sprung latch pin 136, further details of
which may be seen in Figures 10 and 11 of the drawingé.
The pin 136 is biassed radially inwardly by a solid spring
10 140 acting between a 1edgé 142 defined on the pin 136 and
a threaded retéiner in thé form of a grub screw 144 which
is fixed in the outer end of the bore 146 which
accommodates the pin 136. The pin 136 is thus biassed
radially inwardly, but is initially retained in a retracted
15 position (Figure 10) by a spfing clip 148 which engages an
annular groove 150 in the outer end of the pin 136. 'The
'clip 148 is removed once the couplings 130, 131 have been
yade uﬁ, the -head of the pin 136 then extending into a
corresponding recess 152 in the end of the coupling 131, to
20 prevent relative rotation of the couplings 130, iﬁl.

Figures 12 and 13 illustratg'gouplings 160, 161 in
which the couplings define fhreads 162; 163 and have,
tongued ends 164, 165 to engage corresponding grooves in
the other coupling to prevent sepération bf the couplings

25 160, 161 on expansion of the connector. Like the
embodiment illustrated in Figufes 9, 10 and 11, the
coupling 160 includes a spring latch pin or pin-lock 166,

however, in this embodiment the pin 168 has a removable



t hi ckness of the tubing or the expandabl e tubul ar portions.

According to a still further aspect of the present i nvention there
is provided an expandabl e connector for joining the ends of two

| engt hs of expandabl e tubing, the 10 connector conpri sj } 26and
second expaﬁﬂgBV@9Wubular portions for nounting onb?ﬁgﬁgﬂgi of the
respective | engths of expandabl e tubing, the first portion
including a plurality of circunferentially spaced dogs, each dog
bei ng bi assed towards an extend@d position for engaging the 15

- second portion, the initially being, held in a
retracted pd@FFPéﬁdahﬂa%efﬂﬁ and adddidisest 8 Redd sRring 172. ext ended

t t t t h b
b ought t oget hor AL OF < hbol Shente e bk PePe g ptm%s%r?é‘?% % esent |
i nvention %}% roPhg@r Qn&StBrQ a&oﬁ{gy]a 3 erxp%%rar%% |gr Sttoo nd second

t hr eaded par e first par i ass ds the
second partmmeEQE'QuEEEE&tJHaFE@EG%eﬁ§VSnb§f¥b. The particular form

5 of conpection utilised will depend upon the particular
'appiication. “

It will be clear to those of skill in the art that the
above~-described embodlments are merely exemplary of the
present 1nvent1.on, ~and that various mod:.flcatzons and

10 improvements may be made thereto without departing from the

scope of the invention.



t hreaded together the dog engages the second part to restrict

relative rotation of the parts. 25 Preferably, the dog is
initially held |n a retracted position, to permt relative rotation
of the parts, 9_} %01 rel easabl e to engage the second [PEF(GRIFOHR6
appropriate ”@0|nt Conveniently, the dog is in the formof a sprung
WO 97/ 21901 . PCT/ GB96/ 03026

6 : pin. The pin may be located in g;bore in the Tirst part

and be released fromthe exterior of the part by, for IIH“H"H lﬁmu IH

W t hdrawi ng a i ngaging the pin and which - l—l“ ﬂ
surface of thei#%gggépart. 5 . These and other*aspeotsﬂo

present invention will now be described, by way of exanple, mnth

reference to the _ . _
1. A tubing connector for joining the ends of two lengths

of expandable tubing, the connector comprising .two
expandable tubular portions for mounting on the ends of the
5 lengths of expandable tubing, each portion including a
plurality of circumferentially spacedl couplings for
engaging corresponding couplings on the other portion, the
engaging parts of the couplings being located on parts of
the tubular portions which are -substantially undéformed

‘10 following expansion of the tubular portions..

2. The connector of claim 1, wherein the tubular poftions
include overlapping 1longitudinal slots defining nodes
between the ends of axially alignéd slots, the couplings

being located on the nodeé.

15 3. The connector of claim 1 or 2, wherein the thickness
of material at the connected couplings is greater than that
of the remainder of the tubular portions, such that the

couplings are ﬁpset from the tubing surface.

4. The connector of claim 1, 2 or 3, wherein engaged
20 couplings are disconnectable, to allow disconnection of

joined tubing lengths.



acconpanyi ng draw ngs, in which: ~ Figure 1 | ﬁ“‘“ﬂ“\;\‘% \two
| engt hs of expandabl e t ubi ng whi ch have been JOI \ ubt ng

connector in 10 - accordance with a preferred embodi ment of % he pr esent
inVEntion' Figure 2 is a sectional view of the tubln%‘gg Fi gure
1; WO IFgres 3 through 9 are enlarged sectional

parts of tubing connectors in accordance wi th various enbodlnents of

t he present invention; Figures 10 and 11 are enlarged views of

t he connect or of Figure 9 of tﬁQ(MIWMngs and Fi gures

12 and 13 are sectional views of garts of tubln connector in

accordance wrth %ﬂ%tﬁ%?“%ﬁﬁﬁﬁn°§ﬁ Bheot °1alm§rés§ﬁt P nYBRERSR. T
Ref er ence |s f|r I,Qur es dr S whi ch
illustrate fﬁg%%?dﬁt l‘Jf: expé’r‘i‘%&gﬂg 8efink"e Cooperating %°ngg

-and slots.

6. The connector of any of claims 1 to 4, wherein the
5 engaging parts of the coupling define cooperating pins and

bores.

7. The connector of any of the preceding claims, wherein

the couplings are threaded.

8. The connector of any of the preceding claims, wherein

10 the couplings define teeth.

9. The connector of any of the preceding claims wherein

the couplings define undercuts.

10. The connector of any of the preceding claims wherein

the couplings are in male and female form.

15 11. The connector of any of the preceding claims wherein

the couglings are securable to one another by adhesive.

12. The connector of any of the preceding claims wherein
the couplings are securable to one another by radially

extending fasteners.



longitudinally slotted tubing 10, 11 whi e bee oined 25 t oget her
using a connector 12 in accordance jMﬁ UHI "l’“”ll,referred

enbodi nent of the present invention. The L ngt hs 10, 11 are
provi ded with Braeﬁﬂ*ng l'ongi t udi nal slots 14 onIy BOIVEBRW030%6e
slots have been' SROWN 7
drawing clarity), to allow the tubing to be expanded. The

connector 12 conprises two expandabl e tubgiar portions- 16, 17 which
are slotted in a simlar fashion to the |I'€ngths of 5 tubing 10, 11.

The tubul ar ponki on 6 I _ eLfls;

respective tubﬁ?g Igﬁétﬁgﬂ%%§¥Q%iwgngﬁ?h%P the precghgﬁg theﬁﬂ%u?ﬁfﬁbﬁnthat
the tubul ar porhieonsouflinks Waré in male eXxpa@ndemaleontsni Hhdh defenkubi ng
| engt hs 10, 11. Further tubul ar portions 16a, 17a are al so shown
nount ed to thecot@espoﬁdzmgehhtaaﬂé t hbetoliery flegragdeheodfl irld .including

a dog which is biassed towards a position engaging the

5 corresponding male coupling.

14. The connector ‘of claim 13, wherein the dog is
initially held in a retracted position and is releasable,
once the couplings are in the desired relative positions,

to eﬂgage the male coupling.

10 15. The connector of claim 13 or 14, wherein the dog is in

the form of a sprung pin.

16. The connector of any of the preceding claims, wherein
the tubular portions include radially extending handling
shoulders. |

15 17. The connector of ahy of thé preceding claims, in

combination with lengths of expéndable tubing.

18. An expandable connector for joining the énds of two
lengths of expandable tubing, the connector comprising
first and second expandable tubular portions for mounting
20 ~on the ends of the respective lengths of expandable tubing,
the - first portion including a plurality  of
circumferentially spaced dogs, each dog being biassed

towards an extended position for engaging the second



Each tubing length 10, 11 carries a nunber of handling— shoul ders
18, and correspondi ng shoul ders 19 are”ﬁFGVTHEH'DdLLn on the tubul ar
portions 16, 17. The shoul ders 18, 19 ar “!“M BMLWhen handl i ng and
transporting the various parts, 15 é\m\‘m i edp\/\c@, %95/0%515%“ ng

t he tubul ar pyowdr/RI8! 16, 17, as wtlI¢ bé déscribed.

Each tubul ar portion 16, 17 includes a plurality of. :
circunferentially spaced couplings 20, 21 at the portion free end,
for engagi ng a correspondi ng coupling ont4the 20 ot-her tubul ar portion
17, 16; the couplings 20, 21 are | ocated at "nodes" 22 betweenh the
ends of the spextsiony jkhe dogs imikiajdy dpeing t hekd 1@ dA7rethachedal at
t he nodes 22 .. remaini n% substantial |y undeforned when the tubul ar
portions 16, BOSyiOTexpR}(L§ingoreleasablepdo BA¥e @ nthe ngytendedi gure 3
of the drawi ngs,.,. which illustrates.a pajr of couplings 2 21 in

gr eat er oghian .tol?n%qef Bt eae?ﬁgﬁ Pﬁﬁ tTpPIRG g%edEPFgégn%.

have been brought together.

5 19. A connector comprising first and second threaded
parts} the first part including a dog biassed towards the
secodd'part, wherein once the pafts have been threaded
together the dog engages the second part to restrict

relative rotation of the parts.

10 20. The connector of claim 19, wherein the dog is
initially held in a retracted position, to permit relative
rotation of the parts, and is releasable to engage the

second part at an appropriate point.

21. The connector of claim 20, wherein the dog is in the

15 form of a sprung pin. -

22. The connector of claim 21, wherein the pin is located
in a bore in the first part and be releasable from the
exterior of the part by withdrawing a clip engaging the pin

and which rests on the outer surface of the first part.

20 23. A tubing connector for joining the ends of two lengths
of expandable tubing, the connector including expandable
tubular portions for mounting on the lengths of expandable

tubing and each expandable tubular portion having a



femal e portion 24 defining an internal screw thr d‘”%%’EETIHAS BEEN
WO 97/ 21901

8 coupling 21 deflnes a nale portlon 25 -
carrying an external thread t ﬁmﬂ & ,W‘]g“ he portions pCT/GRS03628

al'so undercut tW¥OAHMise th radi al separati on
addi.tion, two screws 26, 27 fix the 5 portions 24, 25 together.

It will be noted that the conbined netal thickness of t he j oi ned
couplings 20, 21 is greater than that of the adj acent tubul ar
portions 16, 17, such that this form connecti on woul d not be

sui tabl e wher e §Q% §ng§FFeH°¥03°11’E)mg ‘Hr"if\/ladé’%%'?ﬂaBPétt‘%lﬁ@OW%lh a
smoot h or flusf}:&lﬁtﬁg_ portlon,urfaflrst coupling part being of larger

diameter to receive ‘a second coupling part, whereby the
expanded connector defines an upset where said first and

5 second coupling parts overlap.
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Reference is now made to Figure 4 of the draw ngs which illustrates
t hreaded couplings 60, 61 which nay be torqued up. 15

Figure 5 of the drawings illustrates couplings 64, 65 whi ch define a
"stab in" connector, that is the coupling 64, 65 are sinply pushed
toget her, and awgd¥BhdysSCrew 66 is al so provided for SETGHBPEHGOWach
pair of couplings 64, 65 together. 20 Figure 6 illustrates
an arrangenent in which one coupling 70 defines a threaded tongue 72
which is received by a slot 74 defiXéd by a shroud 75 fixed on the
ot her coupling 71. Furtder, a screw 76 is prodded to secure the
couplings 70, 71 together. 2% : ggure 7 illusirate i ngs 80,
81 defining ratchet t hreads 8 1 wi th a back e, tand i ncl udi ng
a securing screw 84. l“l igure 8 illustrat pl i ngs 88,
89 without threads ' : N . %ﬂ
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9 and hel d together by two screws 90, 91. Reference is
now nade to Figure 9 of the draw ngs, =ng couplings 130,
131 i'n accordance with anot her i nvention. In this

exanpl e the COUphkﬁQﬁ:ol5 - 130, 131 d@V e R £ het ®ET/EBIX302632
+133 and : ercut. end surfaces aetlgomal | y, the coupling
130 includes a sprung latch pin 136, further details of whi ch may
be seen in Figures 10 and 11 of the draw ngs. The pin 136 is

bi assed radiatly inwardly by a solid spring 10 140 acting between a

| edge 142 defined on the pin 136 and a threaded retainer in the

formof a grub screw 144 which is fixed in the outer end of the

bore 146 which
j% |
—‘\\\L .
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accommodat es the pin 136. The pi'n 136 is thus bi assed . radi ally
inwardly, but is initially retained in a retracted 15 . position (Figure

10) by a spring clip 148 which e annul ar groove 150 in the

n
outer end of the pin 136. The THIS SREEPHAS BEES r]ermved once the
couplings 130, 1¥0shawe: been Mg LARED he h%ad of thep ?hﬁ Jerdodsnen
extending into a corresp f N the end o ﬁ
coupling 131, to 20 prevent relative rotation of the couplings 130,

131. Figures 12 and 13 illustrate couplings 160, 161 in

whi ch the couplings define threads 162, 163 and have t ongued ends
164, 165 to engage correspondi ng grooves in the other coupling to
prevent separation of the couplings 25 - 160, 161 on expansion of

the connector. Like the enbodi ment illustrated in Figures 9, 10 -
and 11, the coupling 160 includes a spring |atch pin or pin-Iock
166, however, in this embodi ment t3S pin 168 has a renovabl e
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WO 97/ 21901 "PCT/ GB96/ 03026
10 threaded head 170 and utilises a coil spring 172.

Al'l of the enbodi ments described a ' be robust and
to allow | engt hs of expandable tubingHEpsmEETHASBEENaﬁe up quickly and
securely on sitgugezhipdiparticular florm REPLACZOS conhect i on petridpogexd2sn | |
depend upon the particul ar a : R T It will be clear
to those of skill in the art that the above- descri bed enbodi nents
are nerely exenplary of the present invention, and that various

nodi fications and 10 | nprovenents nmay be nmade thereto w thout departing

fromthe scope of the invention.
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PCT/ GB96/ 03026 WO 97/ 21901 11 CLAI VEB: 1. A tubing
connector for joining the ends of two | engths .of expandabl e t ubi ng,
t he connector conprising two .expandabl e tubul ar portions for
mounting on the ends of the 5 | engt hs of expandabl e tubing, each
portion includi ngygherzie01 plurality of circunferentially spacetcsmsasdisngs
for . engagi ng correspondi ng couplings on the other portion, the
engagi ng parts of the couplings being | ocated on parts of t he
tubul ar portions which are substantially undeforned 10 fol |l owi ng
expansi on of the tubular portions..
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2.”" The connector of claim1, wherein the tubular portions S |nclude

over| appi ng | ongi tudi nal slots defining nodes
axially aligned slots, the couplings

bét ween- t he ends of -

15 3. The connector of claiml1l or 2, wherein the thickness of
material at the connected couplings is great&r than that of the
r ermai nder

of the tubul ar portions, 3&&H%E%3¥#£§;€#J% couplings are upset
CTO .
: f claiml, 2 or 3,

fromthe.tubing surface.

wher ei n engaged 20 coupl i ngs are di sconnectable, to allow di sconnection

of

j oi ned tubing | engths.

10.

15

20

25

This invention relates to a tubing connector, and in
particular to a connector for use in joining lengths of
expandable tubing. |

WO-A-93\25800 (Shell Internationale Research), the
disclosure of which is incorporated herein by reference,
describes a method of compieting an uncased section of a
borehole in an qnderground oil-bearing formation. "An
expandable liner provided with.overlapping longitudinal
slots is fixed at a predetermined position in the borehole.

A tapered expansion mandrel is then moved through the liner

and expands the liner to a diameter larger than the mandrel

maximum diameter. In particular, the tubing expands by
deformatioﬁ of the liner wall and enlargement of the slots:
the wall pieces of the slotted liner'where the slots do not
overlap, that is the areas between the ends of axially
aligned slots, deform in circumfefential direction} and in
*the adjacent'eections wherein the elots do overlap.the wall
pieces between adjacent slots rotate and bend out of the
éylindrical surface of the undeformed liner._ Ideally, the

liner is expanded to such an extent that it contacts the

"bore wall.

In certain applications it is desirable to provide a
relatively lon% section of borehole with slotted liner.
This requires two or more lengths of slotted liner to be
joined together at the surface, prior to running into the

borehole. Conventionally, the lengths of liner are welded

AMENDED SHEET
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WO 97/ 21901
12 5.
engagi ng parts
6. The connec

of the couplin
connector of a
t hr eaded.
“wherein 10

any of the pre

5

'PCT/ GBO6/ 03026 - - - PR
The connector of any of claims-1 to 4, mherern*the* Cosen s

-

of the coupling define cooperating tongues= »» and-s| ot
tor of any of clainms 1 to 4, Mherein the 5 engagi ng parts

define cqoperatin plns nd 7. The
RSB N G  HRa s & HESSCARSIMInG and possTitigs1ar o

Eliéegm-rrﬁ&%ogggghgrtg‘é?h Yo Oftﬁehe E{"Cae_cgrggg cl ai ns, r@fs .

%?c at.%dCI nshé’mv%falng procesge CQIH'P' |£1gast dngggegn%le,rClﬁS |

welding operation may also affect the properties of the

metal at the liner ends. Achieving consistent weld quality
may also be difficult, particularly when the welding
operation is to be carried out, for example, in exposed

conditions on an offshore facility. Further, if any

AMENDED SHEET
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10. - The connector of any of the preceding clai ms wherein ~ " .the

couplings are in male and female form
of "t he precedi ng clai ns wherein

anot her by adhesi ve. 12. The conngctor of any of the preceding

cl ai s wherein
radi ally
PCT/ GB96/ 03026

the couplings are securable to one another by
draiarglidiadiastlenarcs .allow the tubing to be expanded. The
WD 97/ 21901 13

13. The connectoammdctory 1 ddwemirsese diweg exipandsblshdudiular pori:ions 16,

17 which are slotted in a similar fashion to the lengths of
tubing 10, 11. The.tubular.portidns 16, 17 are welded to

the ends of the respective tubing lengths 10, 11 and the

-slots then cut such that the tubular portions 16, 17 will

10

i5

20 .

25

_expand in concert with the tubing lengths 10, 11. Further
tubular portions 16a, 1l7a are also shown mounted to the
free ends of the tubing lengths 10, 11.

-Bach tubing length 10, 11 ;arries a number of handling
shoulders 18, and corresponding shoulders 19 are provided
on the tubular portions 16, 17. The shouldefs 18, 19 are
useful when handling and transporting the various parts,
and may also be used when connecting the tubular portions

16, 17, as will be described.

Each tubular portion 16, 17 includes a plurality of.

circumferentially spaced couplings 20, 21 at the portion
free end, for engaging a corresponding coupling on the
other tubular portion 17, 16; the couﬁlings 20, 21 are
located at ﬁnodes" 22 between the ends of the slots i4 in
the tubular portions 16, 17, the metal at the nodes 22
remainiﬁg substantially- undeformed when the tubular
portions 16, 17 are expanded. |

Reference is now made to Figure 3 of the drawings,
which illustrétes a pair of couplings 20, 21 in greater
detail. It will. noted that.the coupling 20 defines a

female portion 24 defining an_inﬁernal screw thread and the

AMENDED SHEET
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the couplings are in male and female formand . define - . cofresponding - --
threads, the outer female coupling including # ¢ .a dqg whfch i.s biadsell’s a
towards a position.engaging the 5 correspondt ng rél e *€oupl iHy.*+** e 0
14. The connector of claim 13, wherein the 3?)38 S initially held in.

e tea: red Lot A0 R Afeh ok SR T8 Ring ik 50 RpRp i Bes BB, I St Ady

15. Th t f_clal 4e . | LS . t h

15 o e ComeC et Bk 130! e SR OBLS Mhing or. ey

ﬁ;ghmgmr?' Ndiameter 06 dRhFe RPTLLOBAA ISPl y FEEEARY Lhe
5 expanded connector define_S an upset where said first and

. second coupling parts overlap.

~ 24. Expandable tubing defining overlapping longitudinal
slots including axially aligned slots, and further defining

nodes between ends of said a?ciall? aligned sloﬁs, -.the

10 arrangement being éuch that the nodes remain substantially

undeformed following radial expansion of the tubing.

~25. A method of expanding tubing .down'hole, the method |
comprising the steps:
providing tubing defining overlapping longitudinal
15 slots includin.g'.a'xially alignéd slots with nodes between
ends of said axially aligned slots; and
radially expanding the tubing while the nodes remains

. substantially undeformed.

_—

. gy
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15" . 17." The connector of any of the preceding claims, in .~ ., =, . .
conbi nation with | engths of expandabl.e tubing. > 7 18. Anjexpangahbl €,.5 .
. connector for joining the ends of two 1 engt hs- gof> expandapl e, bi ng,.”
t he connector conpri sing ~ first and second expandabl e tubul ar

portions for nmounting 20 on the ends of the respective |engths of
expandabl e t ubi ng, t he first portion i ncl udi ng a

plurality of ; circunferentially spaced dogs, each dog bei ng bi assed
towar ds an extended position for engagi ng the second WO

97/ 21901 PCT/ GB96/ 03026

14 portion, the dogs initially being held in a retracted
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p05|t|on and being releasable to nove to the extended . position to -

engage the second portion once the portions - have: been brought oL
t oget her. -5 19. A connector conprising first and second threaded 2™ Tue
parts, the first part including a dog biassed towards the *sédond 7
part, wherein once the parts have been threaded t oget her the dog
engages the second part to restrict, relative rotation of the parts.
10 20. The connector of <¢laim 19, wherein the dog is’
initially held in a retracted position, to permt relative rotation
of the parts, and is rel easable to engage the ~second part at an
appropriate point. - 21. The connector of claim 20, wherein the dog
isinthe 15 formof a sprung pin: '
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22. The connect or - of claim 21, wherein t he pinis |ocated in a bore

inthe. first part and be rel easable fromthe exterior of. the part by.:
W tthdrawi ng a clip engaging the pin and which rests on the -outer ..
surface of the first part. 20 ° 23. A tubing connector for joining the
ends of two | engths of expandabl e tubing, the connector including
expandabl e tubul ar portions for nmounting on the | engths of
expandabl e t ubi ng and each expandabl e tubul ar portion having a
15 coupling part for joining wwth a coupling part of another
tubul ar portion, a first coupling part being of |arger di aneter to
receive a second coupling part, whereby the 5 expanded connect or
defines an upset where said first and _
4/5

o -

L Ld

e o

8 &
& = o

130

AMENDED SHEET

. -~

>



second coupling pérts over |l ap. 24. Expandabl-@@%-ﬁ& m:%
d sl ot

over | appi

ng | ongi t udi nal slots including axially aligne

further defining " nodes between ends of said axially aligned slots

the 10

undef orned fol | ow di al exgpn5|on of RI§&$5¥¥J]
of expandi ng tubi wnhol e, Wit mmﬂ&mmﬁ&%ﬁ??gpﬁg the

pr ovi di ng t%ﬂﬁnﬂﬁb LNPrPNATIGNP UG shﬂﬂmﬂ'ﬁ%ﬁﬁycoo}#g wé*\

Ay

arrangenment being such that the nodes remain substanpﬁﬁvh

—

axially 3
al i gned 9
nodes r er]
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(57) Abstract

A tubing connector for joining the ends of two lengths of expandable tubing (10, 11) comprises two expandable tubular portions (16,
17} for mounting on the ends of the lengths of expandable tubing. Each portion (16, 17) includes a plurality of circumferentially spaced
couplings (20, 21) for engaging corresponding couplings on the other portion. The engaging parts of the couplings (24, 25) are Jocated on
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