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ABSTRACT

There i's'disélosed a tubing. connéction arrangement and.
a method of coupling expandable tubing sections tégetﬁer.
In one embodiment, there is disclosed.a‘tubing connection
arrangement (10} ' comprising a first- expandable tubing
gection (12} defining a ‘ male portion (16); a second
expandable ,tubing‘ section (14‘)" défininé a femaie portion
(18.) , the firét and éecond ekpandable tubing sections
(12,1‘4 ) 'béing engageable with oné another; one é‘f‘the first
and second expandable Tubing sectiong (12,14) including a
restraining meﬁber (40) for-restraining-part of the other
egpandable tubing section {(12,14); and the fi rst 'éxpandéblé

tubing section (12) including a tapered shoulder (42, 44)

for co-operating with a corresponding tapered shoulder

(46,48) of the second expandable tubing section (14).
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TUBING CONNECTION ARRANGEMENT

FIELD OF INVENTION

This invention relates to a downhole tubin‘gcionnect'or,
and 1n 'particular to an 'arr‘angement for e'rlsuri-nq the
integrity of a sand screen or other fiiter medium at a
connecticn between éwo lengths of expandable tubing

utilised to support or form a sand screen or filter. The

invention also relates to methods of coupling expandable

'tubing sections together.

BACKGROUND OF INVENTION

In many Qell borés Qheré a liquid, for example oil,
passes from a‘surrounding-foimatiqn into=thewéllbore, the
liguid wili.pften carry entrained sand particles. If this
sand 1is pefmitted to pass.into the well bore a number of
problems may arise, including the requirement to separate
t"hé. sand from producéd well fluids; an increased likelihood

of the'wéll bore becoming blocked or restricted; and the

sand may cause downhole tools to stick or jam, or wear

pfematurely, Accordingly, it 1s preferred that the Sénd 
particles are retained in the fétmatibn. "This is achieved
by providing scréen‘s or a filter around the borehole-lining
?ubing or_production-tubing. .

International Patent Application No. WO 97/17524

(Shell), describes a radially expandable assembly in
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which overlapping filter shesets are sandwiched between
inner expandab;e support Lubiling and outer"éxpandable
éfctectiva tubing, Lhe éxpandable tubing featuring.lafgé
numbers of oveflapping longitudinal 'siots. Wﬁen:_an,
expansion_tooi is forced through thé assémbly, the inher'

and outer tubing is. expanded radially, the slots exténding

‘to form diamond-shaped openings. The initial degree of

overlap between the screens is selected such t_‘hat, although
the screehs move circumferentially reiétive\to one anothér
during expansion, the edges of the SCreens remain in
oveilapping ielation; Such an-arrangemeﬁt.can bé readily
gonsﬁructed over cylindrical sectibns of slotted ﬁubing oXr

pipe. However, at the connections between tubing sections,

where the inner tubing sections are coupled together, it is

difficult to maintain a "“sand-tight” join.

A preoposed connector assembly for connecting

~expandable slotted tubing is disclosed in the Applicant’s
earlier International Patent Publication No. -WO96/37681;

The connector assembly comprises tubular first and second

slotted partskmounted on Che& ends of respectiVe'lengths of
slotted tubing. The free end of the Ifirst part defines a

male portion and the free end of the second part a female

portion, the free ends e¢rngaging one another to permit
expansicn of the coupled parts in a corresponding manner o
the slotted tubing.

A nmodified Tubing connaecticn arrangement is disclosed
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in the Applicant’s International Patent Publication NO-.
Wo00/08301, suitable for —coupling expandable tubing
assemplies of the type disc:,lose-(-jfw in W097/17524. The
connection ~arrangement comprises two expandablé‘ tubing
s\;ection\:‘s, each sectiorl including a filtér. screen s.an\dwiched
between inner and ~outer .e'f’.};pa'ndable tgbing, The filter
screen of one tubing_880£ion Overlaps the‘filter Scieen of
the other tubing section a-pd the outer expandable tubling of
at least one of the tubing sections exténd-s over ,the
overlapp‘i-ng filter screens. On expansion df the tubing
sectlons, thé oveflapping fjlter'screené, restrained by the
outér tubling, ansure the iﬁtegrity of the Ffilter betwéen_
the tubing sections.

It 1s amongst the objects ._of embodiments of .the
present invention to provide an improved connection
arrangement.

'SUMMARY OF INVENTTON

- According to a first aspect of the present invention,
‘there is ‘provided & tubing 'connec'ticjb,' afrangément‘
cComprising:

a first expandable tubing section defining a male
portions; ‘

a second expandable'tubing section defining a female
portbmn,'the first and second expandable tubing seclions
being engageable with ane andther;

one of the first and second expandable tubing sections
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including a restraining member for restraining part of the

other expandable tubing section; and

the first expandable tubing section including a
tapered shouilder for co-operating wu‘h a corresponding'
tapered shoulder of the'secénd eXpandable tubing s@&tion.

~Provision of tapered surfaces on the shoulders of the
first and second expandable tubing sections assists in
maintaining the integrity of the connection arrangement,
reducing the like‘lihol,od of sand ingr_ess foilowing expansion
of the arrangement. The shoulders also improve engagemen‘t
of fhe first and second expandable tubing sectiqné, as the
tapered ‘surfaces act as gllides to correctl? locate the male
portioh.with respect to the female portibn‘

Preferably, the fitst expandable tubing = section

includes first and second axially spaced shoulders for co-

operating with corresponding first and second axially

spaced shoulders of the second ézpandable'tubing-sectioﬁ.

The shoulder may comprise 3 'fac'e of the" respective
eXpandable'tubing sectlon, which may be formed on an axial
end of the'tubing section. Altéfnativelyr Lhe expaﬁdable
tubing sections may include a;fadially éxtending shoulder
member defining the shoh)der.. The 'shoulder member may
extend radially from the respective tubing section, Where
the e;‘:.pandable tubing sections include first._ and second
axlally spaced shoculders, cach expandable tubing section

may itnclude a shoulder formed on an axial end thereof and
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a radially extending shoulder member.
Tne shoulders o©of the first ana second expahdable

tubing sections may be adapted to define a gap between

their respective tapered surfaces when the first and second

expandable tubing sections are engaged and before expansion
cf the connection arrangement. The gap may bs adapted to

close on expansion of the connection arrangement to bring

the tapered surfaces 1into contact, Thus the gap may be

sized such that, on expansion of the connection

‘arrangement, the gap is closed.

The restraining member may extend from an axial end of
the second expéndable'tubingxsection and may extend from '
the female portipn- The restréinihg_member may'cémpriQe a
sleeve and may be adapted IRe extend.in an axial di:éétion

along an outer ‘surface of part of the f{irst expandable

tubing section. Alternatively, the restraining member may

extend from the first expandable tubing section.  The

- sleeve may comprise slotted or otherwise perforated tubing

and may define B number of separate'armsqi.fingers-
Acc:o-rd:i.ng to a second aspect of- the present invention,
there 1is provided a tubing connection - arrangament
comprising:
a first eaxpandable tubiﬁq section.defining a threaded
male portion having lead and‘backthreéd flanké; and
& second expandable tubhing section defining a threaded

female portion having lead and back thread ZIlanks, the



10

15

CA 02441240 2003-09-16

6

first ~ and second expandable tubing - sections being
engageable wifh one another:

the lead thread flanks of the threaded male portion
disposed at an,angie differenﬁ from that of the lead thread

flanks of the threaded female portion.

This provides a c¢onnection  arrangement  where

engagement of the first and second expandable tubing

sections is facilitated as the area of contact between the

lead thread flanks of the threaded male portion and the

t hreadeg fémale portion 1is reduced compared to prior art
connection arrangements. This is because, during make-up
of 'a‘ connect.ioﬁ' comprising male and female parts, lead
thread flanks of the parts come into\coﬁtaét. A force is

applied on the threads during make-up, which can cause

- cold-working of the threads and may result ih_galling, an

.effect'whereby the thread flanks stick together, impairing

connection. Reduction in the area of contact between the
lead thread flanks reduces this effect.

Preferably, the difference between the angles of the

lead thread flanks of the male'and'female portions is less
than 10, The difference may be between'l'and SF-and_is
oreferably approximately 2. Most preferably, the lead
thread flanks of the threaded\male portion are disposed at

45° with respect to a main thread axis. Tnis reduces

ratcheting of the threads of the male portion during

engagement of the =xpandable tubing sgections. Ratcheting
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occurs in particular where the lead thread fianks are of a
relatively shallow angle and especiailv where an inner
tubing of the tubing section 15 radially deflectable, and.
ih particular- 13 %101:1:&,.(1 or dtherwiée perforated,
Typicaliy, lead thread flank angies in prior art'assemblies

are disposed at arcund 30°.

The lead'tﬁread flanks of the threaded female portion
maybe'dispésed at 43" with respect to a main thread axis.
Alterhatively, the lead thrpad_flanks of the threaded malé
'portion‘may be disposed at 43" 'andj the léad\ thread flanks of
tne threéded female portion at 45°.

The back thread flanks of the. threaded male and fezﬁale

portions may be disposed at an acute anglile with respect to

a main thread axis such that the respective thread portions

are angled away from an adjacent end of the respective

'tubing section, to define a hook profile.

According to a third aspect of the present inventiomn,
there 1s provj.ded. ~a tubing connec.:tion arrangemént
comprising: |

 a first éxpandablé tubing section:definihg a threaded
male portion haﬁiﬁg lead and back thread flanks;‘and

a .séCOnd expandable tubing seétion defining a threaded

female portion having lead and back thread flanks, the

first and second  expandable tubing sections being

engageable with cne another:

the back thread flanks of the threaded male and female
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portiong being disposed at\an acute angle with respect to
r@gpectiye maim.phread axeékmuﬁutwwm;the respective thread
portions are ang;ed' awéy from an adjacent end of the
re$pec£ive Cubling section.

This ptovidgs A connection.arrangement with improved
'.s.trengt:h to reéist separation ‘of the male and '~.f'emalé
portion-s on ekpansion oL the connection arrangement and
which also iﬁcreases the strength of the connection
arrangement followiﬁg expansion.

Th‘é acute angle may be between 40 and 90¢ and is
preferably approximately 83". ‘

' 'The lead thread flanks of the threaded male portion
may be disposed at an angle different{from'that of the lead
thread fianks of the threaded female portion.

According te a fourth éspect of the present invention,
there is provided a tlzbing connection arrangement

comprising:

a first e}{pandabl_e" ttibiﬁg section defining a male
portion;

é second expandable tubing section défining a Ifemale
portion, tha first and second expandable tubing sections
belng éngageéble-with one another; abd

at least ozv‘x‘e of the first and second expandable tubing
sections includiﬁg_an axially deformable.membei adaptcd to
deform oh engagement of the first and second exPandable

tubing secticns with one another.
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'The deformable member may be deformed on engagement of

the first aznd second expandable tublng .sections and imparts

a force on the male or female portion to pre-load the

connection between the portions. Preferably, the male and

female pqrtions are threaded such that the deformable
member. pre—loads the threads of the threaded male and
female portions when deformed. -

The ‘defofmable member may also facilitate _engagement

between the first and second expandable tubing sections.

When certain preferred forms of the tubing sections are

coupled  together, the. first tubing section must be

precisely rota-tional_ly oriented relative to the second
rubing section, for example, to allow a locking hémber to
be located to restrain the tubing sections against relative
rotation. In prior~art aSsemblies, it may be necessary'to
partially unscrew the connection to achieve alignment,
reducing the -maké-wup torquf3 and thus the strength of thé_
connection. - In the present invention, the conne‘cltion

betwean the tubing sectlons c¢an be further tightened to

achieve alignment without reducing~connection-strength,'by

further deforming the deformable member.
The deformable member may also be dimensioned to allow

a number of sequential partial deformations. Thus, as the

memper is deformed when the first and second expandable
tubing sections are coupled together, where the expandable

tubing sections are disengeged and subsequently re-engaged,
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the'defqrmable member is deformed'furﬁher on re—engagement
of the sections. Tﬁﬁﬁs'allpws the first and second
expandable tubing sections Lo be engagéd_and disengaged &
p'lural.;';ty of times whillst still 1imparting a -éreﬂload
between the male and femélé portions of the tubing sec"tiolns
each time.

-

The deformable member may be diarﬁetrically expandable.
'Preferably; the deformable member is pa£tially'plastically
and elastically deformable; Alternatively, the dgformable
'membér mayl be wholly elast'iizally deformab‘.le. Thus, the

L,

deformable membér may be of an elastically deformable

material.

Preferably, the deformable member i1s an integral pa:t.

of the respective expandable = tubing section.
Alternatively, the deformable member may comprise a
separate component. The deformable member may comprise an

e:{pandable ‘ring, .suc':‘h as a slotted ring or separate
-secﬁionS.tdgether formiﬁg é-ring.-

Bbﬁhiﬁhefirst and seténd expaﬁdable tubing sections
may_include an axially defbrﬁable member.

The Tfirst ex’péndable t‘.'ubing section may include aﬁ
- shoulder for co-operating with a-corresponding'shqulder of
the sécohd expandable tuplng section. The defor‘mabfLe
member may be locatable-bétween the shoulders of the first

and second expandable tubing sections.

According to a fifth aspect cf the present invention,



10

AW
U

CA 02441240 2003-09-16

11

there 1is provided a tubing connectiorn arrangement

comprising:

a first - expandable tubing section defining a male
portion;
a second expandable tubing section defining a female

portion, the first and second expandable tubing sections

being engageable with one another; and

one of the first and second ,expéndable tubing sections
inciuding*a restraining member for restraining.part'of the
other 'expandable tubing sectlion, the restraining member
:i;ncl1.:d:Lz'1g'~ a hinge about which the restraining member 13
adapted to bend on expansion.

This provides a tubing <connection arrangement

inciuding a restraining member and wherein deformation of

the restraining member is achieved in & controlled fashiocn.

'In particular, in embodiments of the present invention, on

expansion of the connection arrangement, the restraining:

" member bends in a desired location, thus preventing

- unwanted bending.

The restraining member mav extend from an axial end of
the second expandable tubing section and may extend from

the female portion. The restraining member may comprise a

sleeve adapted te extend in an axial direction around an

outer surface o¢f part of the first expandable tubing
section.

The hinge may be inteqral with the restraining member
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~and may comprise a living hinge. The hinge may be defined

by a zone or line of weakness in the restraining member,

which may comprise an area of relatively thin cross-

sectional thickness than a remainder of the restraining

member.

" Alternatively, the restraining meMber may-compriSe a
Separate component or components such as a sleeve,.érm oOr
fingers coupled to the respec:tiv‘e expan-déble tﬁbing Séction
to form ahingé therebétWegn.

The reétraining membér may' include a plurality of

axially spaced hinges about which the restraining member is

“adapted to pivot or bend on expansion. This may allow

controlled behding in a plurality of‘spaced-locationsw

The hihge mayfbe provided’in the same axial position
of - the restraining member as a béndi~ng zc;ﬁe on the
overlapped expandable tubing sectioh. The restralning

member may therefore bend in approximately the sane

locaticn as the expandable tubing section during expansion,

as will be described below with reference to the sixth

aspect of the present invention.

According to a sixth aspect of the present invention,
there 13 p‘rovided. a tubling connectioﬂ arréngement
comprising:

a first expandable-tubing section defining a threaded
male portion; -

a second expandable tubing section cdefining a threaded
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female\ portion, the first and second expandablé tubing
sections being engageable wilh one another; and

wherein a cross-sectional thickness',of  the first
eXpandéble;tubing section 15 greaier in the regiocn of the
male threaded porﬁion than at a point axialiy spaced from
fhe male threaded portidn.

This allows bending in the connection atrangemer}t
‘during expansion to be controlled, and in particular to

occur at the relatively thin point, rather than in the

thickerx tubihg section, pféventing or minimiSing damége to-
the- connection arrangement, especially to the connéction
‘between the male and female portions.
The polint may be Spaced axially from the male portion
- 1in a' direction away from an end of the first expandable
tﬁbing section édjacent or‘de;inihé the_male‘portion;
Typically, sand ‘exclusion assemplies compr-ising a
number of iengths of sand exclusion tubing are coupled
together pin-—downf that 1s -with '_ a male portiocn ' directed
down.iﬁto the borehole. The& sand exclusion aséemblies‘are
also often expanded in a todeown exXpansion procedure, bf
passing.an eXpanéion tool.down thfough'tbe assembly f rom
-top to bottom, Accordingly, in the presént inventiocn, the
male portion of the first expandable t-ubiﬁg section is
deformed last. Thus bending is‘controlled.to be_éway from
the male portion.

The point may comprise & zoné or area extending at
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least part way along a length c¢f the first expandable

tubing section, and may be provided immediately adjacent

“the male portion.

The first expandable tubing sectien may include a
shoulder for'comopérating with a corresponding shoulder of

the second expandable tubing se‘ction.* The point may be

provided|immédiately adjacent the shoulder.

According to a sev_eﬁth aspect of Lhe present
inﬁention, there 18 provided  a _tubi.ng connection
arrangement comprising:

a first expandable tubing sectioﬁ delining a threaded
male portion and a threaded radial hole extending throuéh\
the threaded male portion and adapted to receive a threaded
locking member; -

a second expandable tubing section defining a female
portion, the first and secénd ‘e\xpandable tubing sections
being 'engageable with one alw'mt.hér. and the second expandable
tubing section including & bore extending through thé
threaded female pertion apd. adaplted to receive the threaded
locking member when the threaded' nole of. the >first
expandable tubing Section is aligned,withlthe_bore of the
second eXpandéblé tubing section, for restraining the
saeactions against relative rotation.

According teo an eighth aspect of the piesent‘

invention, there 1s provided a tubing connection

arrangement comprising:
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a first expandable +tubing section including a
perforated inner expandable tubing defining a continuous

annular ring at an axial end thereof; a male portion; and

'a threaded radial hole formed in the perforated inner

ex.pandable' tubing with a sz0lid unperforated t;.z\bing wall
section extehding axially betwéen thé.hble and the ring,
the hole adapted to receive a8 Threaded lching member;

\a sacond exPandable\tubing section defining a female
portign, the\first aﬁd Seéand expandablé tubing sections

being engageable with one another and the second expandable

tubing section including & bore adapted to receive the

threaded locking member when the threaded hole of the first

- axXpandable tubing section is aligned with the bore of the

second expandable tubing section, for _.restraining the
sections against reslatlve rotation,

According to a ninth aspect of the present invention;
th‘e:ré. .,iS ‘_provide‘d - a CuDing -éOnnec-tion arran’geﬁxent
comprising:

a first expandable tubing secticn defining a  male

. portion;

a second expandable tubing section defining & female
portion, the first and secnnd expandable tubing sections
being engageabkle with one another; and

the first expandable tublng sectlon including filrst

~and second axially spaced shoulders for co-operating with

corresponding first and second axially spaced shoulders of
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the second expandable tubing section, the length of the
male portion between thé first and second shoulders'being
.selected  to minimise bending 'of the' male and_ fémale-
portions'dﬁ expansion.
\This may provide an improved strength connector
assembly,- J.n -which the male and female portions are

relatively rigid. Bending in the connection arrangement

experienced during expansion is largely found axially above

and below the respéctive ’first and second ¢o~op8rating
shoulders of the male.énd'feméle portions. -

The male aﬁd f_ema'le portions may be threaded and a
majority of ."'che length of the male and fema.le portioné
between thgs reépéCt-ive fir::;t_ and second shoulders may  be
threaded. Preferably, mo\re than half of the .length petween
the respective first and second shoulders 1is threaded.

Oné or more of the featurés of the invention defined
in relation to the first to ninth aspects of the‘present
invention‘may be provided singly or.in Combinatidn_

Each expandable tubing section may comprise a filter

'screen mounted around an inner expandable tubing.

‘Praferably, each tubing section comprises a filter screen

sandwiched bketween inner expandable tubing and outer

. protective expandable tubing.,  Bach filter screen may:

comprise a plurality of overlapping sheets individually

mounted ©To the respective 1nner expandable tubing by

axlally parallel fixings. The inner and outer expandable
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tlibings may .c:omprisé perforated tubing such as slotted

tubing..

- Where one of the first and second expandable tubing

sections includes a restraining member for restraining part

cf the othe.r expandable tubing section, a length of the
re'str'aining member may be selected to- méximise axial
overlap between a filter screen of the respective'
expandable tubing section and perforations such as axial

slots in an inner support tubing of the respective

expandable tubing section.  This increase in overlap

provides an increased weave tolerance of the filter screen,

facilitating manufacture of thé expandable tubing sections
and of sand ekclusion tubigg.incorporating thé connection
arrangement of the_invention.: -

The male 'portion of the first :eXpandable tubing
section may define a pin whilst the female portion of the
SeCQnd expéndable tubing section may~comprise a box,\.The

male and female portions of the first and second expandable

tubing sections may define upsets.

It will be understood that in a further aspect or

aspects of the invention, the features of one of more of

the above described aspects may Iqe provided in combination.

In still further aspects of the invention, there are‘
d‘isclosed.-methods of coupling expandable tubing sections
together corresponding to Lhe above described tubing

connection arrangements and as defined in the accompanying
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claims. Further features of the methods correspond to the

further features defined above.

Accordingly, in one aspect, the 1invention provides a

method of coupling expandable downhole tubing sections

> together, the method comprising the steps of:

providing a first expandable tubing section defining a

male portion;

providing a second expandable tubing section defining a

female portion;

10 providing at least one of the first and second expandable
tubing sections with an axially deformable member; and

coupling the first and second expandable tubing sections

together to deform the deformable member and impart a force

on the male and female portions.

1> BRIEF DESCRIPTION OF DRAWINGS
Embodiments of the present invention will now be
déscribed, by way of example orily,. with reference to the
'accompanying drawings, in thch:

20 Fig. 1 is a perspective -cﬁt—'away view of part of a
tubing conpection arrangement 1n accordance with a
éreferréd_embodiment:of the present.invention;

Fig. 2 is a loﬁgitudilial_ part—se'ctiona.l- view of tﬁe

part of the tubing connection arrangement shown in Fig. 1

23 '
drawn to a larger scale;

Fig. 3 is a-view of tﬁe tubing connection arrangement

of Fig. 1 sho'wing filter sﬁreens and outer expandable

20 tubing" of first and second exXxpandable tubing sections of

the arrangement;
F_ig'. 4 1s an enlarged view of the tubing connection
arrangement shown in Fig. 2, drawn to a still larger scale;

and
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- Figs. S and 6 are enlaigéd views of thread.profiles of
the éonnector arrangement of Fig. 1.
ﬁETAILED DESCRIPTION OF DRAWINGS
'Tqrn'ing firstly to Fig. 1, there 1is shown a
.perspéctive view of a parf of a -tubing connhection
afrangemént in accordance with a 'pre.'f_erred embodiment 6f

the present invention, the'arrangemeﬁt indicated generally
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by reference numeral 10. Part of the conn'ection'
axrrangement 10 has been removed for.illustration purposes,\
Fig. 2 -is_ a -longitudinal half-sectional view of tﬁé
connectiqn arrangement 10 drawn to a‘largér scale..

The connection_ arrangement 10 includes a first
expéhdable tqbing sectianfﬂiawﬁla second expandable tubing
sec_t‘ion 14. * The connection arrangémer}t. 10 provides a
_connection between two lengths of ekpanaable sand exclusion
tubing cof the - type disélosed - in International Patenﬁ

Publication Neo, W097/17524. For clarity, oﬁiy,part of the

@xpandable sand exclusion tubing is shown in Figs. 1 and 2.

Fig. 3 shows further parts of the tubing and will be

_describedbelowg

The first expandable tubing section defines a male

portion 16 and the second expandable tubing section a
female portion 18. The first and second ppbiﬁg secrions

12, 14 are coupled together by engagement of the male and

female portions 16, 18 as shown in the figures.

The first and second tubihg sections 12, 14 include

'respective inner expandable support tubes comprising

expandabl-é tubing 20,22 having a large number of
longitudinal overlapping slots 21,23, The slotted tubes

20, 22 form connectors and are welded at respective ends

24, 26 to plain lengths cof Similar expandable tubling, toO

form lengths of sand exclusion tubing with male and female

connectors at opposite ends.



CA 02441240 2003-09-16

20
Referring to Fig. 3, a filtef screen 28 extbnds‘aiong
the ma_n iﬁner tubing (not shown) of the sand excliusion
"assembly over. the connector inner tubing 20. The filter
‘screen 28 comprises a number of filter_plétes weldéd alpng

5  an axial edge to the inner tubings. Also, an expandable

outer protective tubing 30, slotted in a similar fashion to-

the innér tubing 20, 1is ﬁmhnted around the filter screen
28. .
In a similar fashion, a filtef screen 32'extendé over
10 the 1nner expand;able tubihg 22 of the 'second. tubing section
14, with an expaﬁdable outer protective tubiﬁg 34 mounted
around the filter screén'32.
When the connection ‘arrangement 10 ié expandéd
downhole,-the outer,tubing 30, 34 resists expaﬁsion of the
15  inner tubing 20, 22. This results in the outer tubing
30,34 providing an inward radial force which maintains the
overlapping filter screens 28,32 in engagement and effects
a sand-tight seal between'the ihdiVidual filte:'plates.'
The connection arrahqement 10 'and 1ts  mode - of
20 operation will now be described in more detail. The
connection arrangement 10 inclﬁdés various features which,
for illustration purposes, are shown in combination in the
:figures. However, 1t will be understood that- each oﬁe of
‘these Teatures ma:y be provided separately or 1n combination

with other features in alternative connection arrangements.

o
{n

As shown in perticular in Fig. 4, which is an enlarged
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view of the ccnnection érraﬁgement 10 shown 1in Fig. 2, the
malepcition'16 of the first tubing section 12 defines a
male thread profiie 36, which engages’with'a.female thread
profile 38 of the femaie port-ion 18 of the sacond' tubing
section 14. The first tubing section 12 is éoupled_to the
second tubing section 14 by matingithe thread profiles 36,
38 together. This is.achievediby Stébbing~the:malejportion

16, which defines a pin, intoc the female portion 18, which

"defines a box, in a pin-down arrangement, and rotating the

male portion.

A restraining member in the form of a weave support

overlap sleeve 40 extends from an end of the female portioﬁ

18 and overlaps the filter screen 28 on the first tubing
section 12, as shown 1in Fig. 3. The male portion 16
includes first and second axially spaced tapered shmuiders'

in the form of a tapered axial end face 42 and a tapered

lip 44. The female portion 18 includes a Lapered axial end

face 46 and a tapered lip 48, which engage with the lip 44
and end face 42, respéctively;'of'the méle porﬁion 16. The
end faces 42, 46 definerespective surféces 50, 52 and the
li?s 44, 48 definé respecfive surfaces 54, 56.' \ -
During make up of thé connectio‘n 10, the tapered
surfaces 52, 54 and 50, 56 come into contact, acting as a
guide for coupling the thread prof‘ilés 3,'6; 38 together.
Thus any 1initial misalignment is acéammodated. as tﬁe

tapered surfaces centralise the male portion 16 within the
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female portion 18. .
As shown particﬁlarly in Fig. 4, when connected and
before expansion, small radial gaps 58, 60 are defined
between the tapered surtfaces 52, 54 ahd 50, 56,

respectively. On expansion of the connection arrangement

10, these gaps 58, 60 are closed such that the respective

tapered surfaces come 1into contact. The_éhape,of-the end
faces 42, 46 and the 1lips 44, 48 prgvide increased
interlock stfen'gth between lhe male- and .fer'nal_-e portions 16,
18 thus increasihg -the. strength of the connection
arrangement 10 compared to prior art arrangements.
Also, the female portion lip 48'engageslwith a groove
3 in the male portion 16. This éngagemént resists inwara
radial‘ﬁﬁfiection-of the female'pottion 18 when coupled to
the male portion 16 and torqued up, and when subsequently
expanded. .
Furthermore, thé radial thickness of the l'i'p 44 is

increased relative to prior proposals, typically to around

2.915mm, iﬁcreasiné'lip strength and allowing provisibn of

the tapered surface 52. This increase in thickness
impioves the tensile strength  and robustness of the
connection arrangement 10,

. The thread profiles 36, 38 of the male andgd ‘female
portions 16, 18 ha-ve also been altered compa‘red_ ;:o' prior

proposals. Figs. 5 and 6 are enlarged views of the thread

profiles.36, 38. Lead thread flanks 62 of the male thread
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profile 36 are disposed arv a different angle from lead

thread flanks 64 of the female profile 38. Typically, Lhe

lead fhread flanks 62 are disposed at 45" with respect Lo a

main axis 66 of the connector 10, whilst the lead thread

flanks 64 are disposed at 43" with respect £o 'the Main axis
66 . In t\his fas'h‘ion,_ there is a narrow contact band or
area 70 between t‘he ‘respective ..J.ea\d thread flanks 62, 64
when engaged as shown in Fig. 4. This reduced contact band
or area facijitates make-up ofthé Connection.
Furthermore, the Jlead Uhread flank angles have been
substantially increased over 'prio'r art connectors ‘.from
.arou'n‘d 30" to around 45". This both reduces ratcheting
during make-up (a tendency of the male portion threads to

slip over the female portion threads) and reduces the.

‘radial force transmitted to the femalé portion during

expansion of the odnnécﬁion arrangement.

Also, back thread flanks 72 of the male thread profile
36 and back thfead flanks.74 of the female thread profile
38 have been located at.an acute angle with respect to the
main connector axis 66. This provides a hook profile
better able to resist separation forcésbetween the male
and female poxtionls 16, 18 during expansién. In the

embodiment shown, the back thread flanks 72, 74 are each

" '}

disposed at an angle of H3° with 'reSpéct ro the main
connector axis 66.

The connection arrangement 10 also includes an axially
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deformable member in the form of a crush ring 76. The
crush ring.76 1s provided on the end face 46 of the female

po:r:tj.oh 18 and when the first and second tubing ‘sections

12, 14 are engaged, the crush ring 76 abuts a face 80 of

the 1lip 44. The crush ring /6 is integral with the female

portion 18 and is elastically and plastically deformed
during make-up of the connection arrangement 10. Thus as

the arrangement is torqued-up, the ¢rush ring is deformed.

- This transmits a locad back through the female portion 18

"onto the back thread flanks 74, urging the flanks into

secure face-to-tace contact-with the back thread flanks 72
of the' male profil_e 36. Accordingly, there 1is a pre-‘
lecading on the threads 26, 38 enhancing strength‘_and
integrity of the connection during expansion.

The crush ring 76 is also dimensioned tc allow a

number of separate sequential deformations. For example,

the crush ring mav be dimensioned to allow. sufficient

crushing to break-out the connection between tne male and

 female portions 16,18 at least once, and potentially a

number of tifnes, whilst .:ét.il;l p're-loa'ding‘ the connei_:tion
when the connection is made up égain,

F‘u-rthermore, as will be described below, the crush
ring 7o improves make-up of the connection arrangement 10.
This is bécause the male portion 16 includes a plurality of .
threaded holes 82 which align with respective bores 84 in

the female portion 18, to allow anti-rotaticn screws (not
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shown) to -be located, for securing the first and second
tubing sections 12, 14 against relative rotation.
buring makéwgp of the connecrion arrangement 10, the

arrangement is torgued-up to a desired mating torgue. In

prior art arrangements including anti-rotation screws, it

has been necessary to back-off .the main thread 36, reducing
make~up tbtquef to allow location of anti-rotation screws.
This may reduce integrity of the connection.

in the embodiment éhoyn, to achleve subsequent
alignmeﬁt_of the ﬁhreaded hole 82 and bore 84; there i5 no
need to back-off the threéd and the connection can simply
be further teorgued-up, increasing deformation of the chSh
ring 76, until alignment is achieved. -

Furthermore, thefmihimum walL thicknesses A, B (Figqg.
4y of ﬁhé male az’ld female portions 16, 18 h-ave. been

increased when compared to prior art arrangements,

providlng a relative increase 1n strength of the connection

~arrangement 10. A typical thickness A of the male portion

16 is around 4;28mm. A consequence of tbe'increaSe'in Lhe
thicknesses ﬁ, B, 18 the abllity to preovide the lips 44; 48
which aré of relatively larger dimensions than in any prior
art connector arrangements and allows provision of the
tapered surfaces. As a'n. additional function- of the
increase in thickness of the connection arraﬁgement 10, it

1s possible to thread the hcle 82 and to countersink the

bore 84 as shown at £86. in this fashion, anti-rctation



10

20

P
(N

CA 02441240 2003-09-16

- 26
screws located in the aligned hole and bore are threaded
into the male ‘p_or:tion e and include screw heads which

exert a clamping force between the male and female portions

16, 18. - The screws also bottom-out on the countersunk

portion 86.
During manufacture of the tubing sections 12, 14, the
plates’of the respective fllter screens are welded to the

inner exXpandable tubing. For;example; as shown in Fig.3,

the filter screen 32 is welded to the inner tubing 22 and

extends 'up cver the female cortion 18, abutting a first
shoulder 41 of the ove-rlap gleeve 40.- The outer protectix%g
tuping 34 1s welded to the filter scr-een 32 and extends
over_the femaie porﬁion 18 to a second shoulder 43 of the
sleeve 40-' Héles 45 are then cut in the protective tubing

34 in the location of the bhores 84, and matching holes 47

are punchned in the filter screen 32, A washer (not shown)

is then welded to the outer tubing 34 1in the hole 45 to

prcﬁ)ide a smooth 'surfac:e, for location of the anti-rotation
SCrews when theifirst.and second tubing sections 12, 14 are
engaged.

The weave support overlap sleeve 40 has beenfi\ncreased
in cross?sectipnal thickness to, typically, around 1.85mm.
This p:ovidés increased strength of the overlap sleeve té
assist in maintaining tbe sleeve 1N good contact with thé
filter screen 28 during and following'egpansion.

Furthermore, the overlap sleeve 40 i1ncludes a hinge 88
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about which the overlap sleeve 40 bends on expansion. The

hinge 88 is a.living hinge formed in the overlap sleeve 40

by providing a zone or line of‘ weakness 1n the sleeve of
reduced cross-sectional thickness compar@d LO a remainder
of t-h'e sleeve. - Thus aﬁ expansion wave passing den through
the connection arrangement 10 (left to rxight in the

figures) will expand the inner tubing 20, which is urged

outwardly to expand the filter screen 28. As mentioned

above, the overlap sleeve 40 resists expansion maintaining

sandﬂtighﬁ contaét with:the-filter screen 28.

Ag the aXpansioﬁ wave passes through the connector, a
f:ree end 90 of the overlap sleeve 40 first e}{periénces a
radial force. In prior art arrangements, there may be
permanént undesired plastic deformétion aue to'bending at

the free end 90. However, the provision of the hinge 88

ensures that the overlap sleeve 40 bends apout the hinge

88, - which 1is subsequéntly eXpan‘ded radially outwardly.
Thus following expansion, there 1is no undesired bending
retained‘in the overlap sle&ve-40f

A cross—seCtiohal'thicknesé C of the male bortion 16
has also been incréasedin Lhe connecfion grrangement 10

such that the thickness is greater in the region of the

male portion 16 than at a point axially spaced from the

male portion. In particular, the thickness C is greater
than a thickness of the first tubing section 12 in a

direction spaced away from the axial end face 42, the.
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thickness C béing greater than the thiékhess D in this
area: It is particularly desired to maké the thickness in
the region of’thé‘male portion 16 greater than a thickness.

axially beyond the interlock lip 44. In thils <fashion,

bending experienced by the connection arrangement 10 during

éxpansion occﬁrs axially either Sidé of the engaged thread
profiles 36, 38, rather than ACross thé. seﬁ:tion of the
Connecﬁed threads. The engalged threads 36, 38 are thus
expanded xadially butwardly in a generally planar fashion,
bending of the connection drfangement being substantially
rest;icted to‘the areas beyond the-engaged_lip 44 and end
face 46,~and the lip 48 and end face'42;

.The'threaded h@les 82 which receive the anti-rotation
SCrews are-providéd;in the male portion 16 adiacent the end
face 472. A so].id,"'unpérfr:)rated tubing wall-ﬁ_ section 1is
defihed such that a solid ring 92'of.materia; is‘pIOVided

at the end of the male portion 16. focation of the

~threaded holes 82 in this position improves the integrity

" of the connection between the male and female portions 16,

18. Furthermore, the threaded holes 82 and bores 84 extend

through the respective male and female thread profilésf

36,38 such that when the anti-rotation screws are located,

they provide a clamping foroce Lo securely clamp The thread
profiles together.
To improve rigidity of the connection between the male

and female pcrtions 16, 18 during expansion, the distance
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between the end face 42 and lip 44 of the male portion 16

has been minimised, to minimise bending. Furthermore, a

-

"majority, typically greater than half of the length of the

male portion 16 defined*between the end face'aé and the l1p
44, 1is threadéd- This aSsists‘ih increasing the strength
of the conhection arrangement 10 and improves integrity of
the connection during and following' expansion. This 1S
further impréved in combinpation with the increase in wall
thickness C, as described above .

Eurthei' features Exf tkw: connection arrangement 10
include-that the weave support overlap’sleeve.40has been
made as long as possible, to allow.a largé weave tolerance
during fabricatign~ Conventionally, the filter screen 28
mugf axially cverlap slots inthe inner expandable'support
tubing'in order Lo prevéntsand ingress 1nto the connector.
To ensure.this overlap 1s provided in the COmpleted sand
exclusion tubing,' it is necessary to allow a certain degreé
of man'ufa‘cturing tolerance in the length of the filter
screen. Accordihgly, the filter screen is cﬁnventionally
made longer than-réquired to,éccountfor shortehing cf the
screen during welding, or a misalignment of the screen on

the support tubing. However, 1n embodiments of the present

invention, the length of the filter screen 28, and thus the
tolerance, 1is restricted by the 1length of <tThe overlap
sleeve 40. The overlap sleeve 40 1s therefore made as long

as possible to allow the length of the filter screen 28,
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and thus the manufacturing tolerance, to be increased.

‘relative to prior assemblies.

Furthermore, this increase 1n length of the overlap
sleeve 40 also reduces the angle which fingers 94 defined
hetween circumferentially adjacent slots 23a, 23b~{Fig» 1)

of the sleeve 40 have to bend during expansion. This is

because when slotted tubing of the type used for the inner

support tubing 22 is expanded, the slots of the tubing open

out to form lozenge-shaped openings with straight sides and

tapered ends. When the finger is relatively short, the

angle between the side of the finger and'thé adjacent slot

is relatively large feollowing expansion. Making the

overlap sleeve 40 as long as possible allows the overlap
between the circumferentially adjacent slots 23a, 23b to be
increased, enablihg the.léngth of the finger %4 to alsoc be

increased. Accordingly, when the connector 10 is

" cliamet.tv'::"Lc::':-:tll}-r expanded, This lincrease in length of the

finger 94 reduces the angle defined at the roots 96, 98 of

the slots'ZBQ,-ZSb between the finger and the respective

slot. This improves the strength ana thus the integrity of

the connectdr 10.

A rubber gasket.(not shown) may be provided bpetween
the filter screen 32 and the inner support tube 22 of the

second expandable tubing section 14. The gasket prowvides

a further back-up to ensure sealing at the location of the

overlap between the filter screen 32 and the slots 23b in
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the inner support tube 22, o ensure that sand ingress into

‘the connection arrangement 10 1s prevehted. The gasket may

be'iocated adjacent the enc face 41 of the weave support
overlap sleeve 40, or may be axially spaced from the end
face 41 by up to around SOmm;

. Tf)e overall length of the connection arrangement 10
has also beén increased, with a conseguent reduction in the

length of the inner expandable support tubes of the main

‘part " of the sand exclusion tubling assembly sections.

Typically, the first tubing section 1< has been increased
in length from 1530mm to Z210mm whilst the second expandable

tubing section has been increased in length from 195mm to

270mm.  The effect' cf increasing the length of the

connector has Dbeen to”SPaCe the malé and female portions
16, 18 and in particular the interlock end faces 42, 46 and
lips 44, 48, away from weld profiles. As is known in the

field of engineering mat=ariails, when welding, a Heat

Affected :Zohe (HHZ} . 1s created, which ‘Can -altei the
physical propertles and c':ha\racteristics of .2 material.
Thus by spacing the weld profiles aé_far:as'possible Trom
critical components of the connection arrangement-io, this
reduces tThe potential ctfects on integrity of the
CCnnection-

F'inally, whllst the connection arrangement 10 may be:

expanded in any desired fashion, 1n preferred embodiments,

the connection arrangement 10 1s expanded in a two-step
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procedure. Expanding in a single run to a maximum desired
diameter intrecduces pctential undesired bending 1in the

connection. A two-step procedure allows an initial

partial eXpansion; followed by a sececnd, larger expansion

to a desired f‘hi.'nal diameter. For e}iample, an 1nitial
expansion with a solid cone or mandre] may be conducted,
followed' b‘y expansion using the Applicant’s ACE (Trade
Mark) expansion toél,_ disclosed in International patent
publj:c:ation no. WO 03/048503. This may allow, for example,
an initial 5.35" exXpansion foliowed by a subsequent

expansion to 8.125". If desired, a three or more stage

expansion procedure may be carried out to further reduce

the likélihood of undesired bending. It will be understood
that such a two or three step procedure 1s ideally
canducfed b? running the cone and *axially compiiant
expansion tool on a-single String, but gﬁat the procedure
méy‘equally be carried out in separate runs.

. In structuralxiintegfity‘ tests of the connection

arrangement 10 of the presentfinvention compared to prior

art structures, it has been ascertained that there 1is a

substantial increase in strength of the connection 10
described herein. In particular, an increase in the

failure tensile strength (rthe point at which extension of

the unexpanded ¢onnector occurred) increased from 220000
lbf to around 500000 1lbf. Torsional testing also

demonstrates a substantial lncrease with a yield strength
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increase of from 2400 ftlb toc arouna 3800 ftlb. However,.
torsional testing 1s diffi&glt'txz conduct as Tjua'inner
eXpandable tubings 20, 2Z Lend to deform and fai! before
any !deformatioln' in the region éf the- male and female
portions 16, 18 is detected. It will be appreciated that.
the relatiﬁely increased strength connector disclosed

reguires a larger expansion force to be exerted on the

connector . to achieve .expansion. -~ However, the force

increase required is relatively small and is within the
capabilities of commercially available expansion tools.

Furthermore, this increase is offset by the many benefits

‘afforded by the invention.

Various modifications may be made to the foregoing

within the scope of the present invention.
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A downhole tubing connection arrangement comprising:

a first expandable tubing section defining a male
portion; and

a second expandable tubing section defining a female
portion, the first and second expandable tubing sections
being engageable with one another;

at least one of the first and second expandable tubing
sections including an axially deformable member adapted to
deform on engagement of the first and second expandable

tubing sections with one another.

2. A downhole tubing connection arrangement as claimed in
claim 1, wherein the deformable member is adapted to deform
on engagement of the first and second expandable tubing

sections to impart a force on the male and female portions.

3. A downhole tubing connection arrangement as claimed in
claim 1 or 2, wherein the male and female portions are
threaded such that the deformable member pre-loads the
threads of the threaded male and female portions when

deformed.

4 . A downhole tubing connection arrangement as claimed in
any one of claims 1 to 3, wherein the deformable member is
dimensioned to allow a number of sequential partial

deformations.

5. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 4, wherein the deformable member is

diametrically expandable.
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6. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 5, wherein the deformable member is

partially plastically and elastically deformable.

7. A downhole tubing connection arrangement as claimed in

any one of claims 1 to 5, wherein the deformable member is

wholly elastically deformable.

8. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 7, wherein the deformable member is
an integral part of the respective expandable tubing

section.

9. A downhole tubiling connection arrangement as claimed in
any one of claims 1 to 7, wherein the deformable member
comprises a separate component of the respective expandable

tubing section.

10. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 9, wherein the deformable member

comprises a diametrically expandable ring.

11. A downhole tubing connection arrangement as claimed in
claim 10, wherein the deformable member comprises a slotted

ring.

12. A downhole tubing connection arrangement as claimed in
claim 11, wherein the deformable member comprises separate

sections together forming a ring.

13. A downhole tubing connection arrangement as claimed in

any one of claims 1 to 12, wherein both the first and
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second expandable tubing sections include an axially

deformable member.

14, A downhole tubing connection arrangement as claimed in
any one of claims 1 to 13, wherein the first expandable
tubing section includes a shoulder for co-operating with a
corresponding shoulder of the second expandable tubing

section.

15. A downhole tubing connection arrangement as claimed in
claim 14, wherein the deformable member is locatable

between the shoulders of the first and second expandable

tubing sections.

l6. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 15, wherein each expandable tubing
section comprises a filter screen mounted around an inner

expandable tubing.

17. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 16, wherein each tubing section
comprises a filter screen sandwiched between inner

expandable tubing and outer protective expandable tubing.

18. A downhole tubing connection arrangement as claimed in
claim 16 or 17, wherein the inner and outer expandable

tubings comprise perforated tubing such as slotted tubing.

19. A downhole tubing connection arrangement as claimed in
any one of claims 16 to 18, wherein each filter screen
comprises a plurality of overlapping sheets individually
mounted to the respective inner expandable tubing by

axially parallel fixings.



CA 02441240 2006-10-10

37

20. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 19, wherein one of the first and
second expandable tublng sections 1ncludes a restraining
member for restraining part of the other expandable tubing
section, a length of the restraining member selected to
maximise axlal overlap between a filter screen of the
respective expandable tubing section and slots in an inner

support tubing of the respective expandable tubing section.

21. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 20, wherein the male portion of the
first expandable tubing'section comprises a pin and the
female portion of the second expandable tubing section

comprises a box.

22. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 21, wherein the male and female
portions of the first and second expandable tubing sections

define upsets.

23. A downhole tubing connection arrangement as claimed in
any one of claims 1 to 22, wherein the tubing connection

arrangement 1s a downhole tubing connection arrangement.

24. A method of coupling expandable downhole tubing
sections together, the method comprising the steps of:

providing a first expandable tubing section defining a
male portion;

providing a second expandable tubing section defining a
female portion;

providing at least one of the first and second expandable

tubing sections with an axially deformable member; and
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coupling the first and second expandable tubing sections
together to deform the deformable member and impart a force

on the male and female portions.
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