2 August 2005 EXPANDANBLE TUBI NG AND METHOD CROSS REFERENCE TO RELATED
APPLI CATIONS s The following is based on and clains the priority of
provi si onal application nunber 60/242,276 filed COctober 20, 2000 and

provi si onal application nunber 60/263,941 filed January 2&Ad51200% F ELD
OF THE I NVENTION This invention relates to equipnment that can be used in
the drilling and conpletion of welibores in an underground formation and
in the production of fluids from such wells. 15 BACKGROUND OF THE

| NVENTI ON Fl ui ds such as oil, natural gas and water are obtained froma
subt erranean geologic formation (a "reservoir") by drilling a well that
penetrates the fluid-bearing 20 formation. Once the well has been drilled
to a certain depth the borehole wall must be supported to prevent

col | apse. Conventional wel IgxeaNDAIBIE FUBSING GAND MergrORstal | ation of a
casing string and cenmenting between the 1 2 August 2005 casing and the
borehol e to provide support for the borehole structure. After cenenting a

casing string in place, the drilling to greater depths can conmence. After
each subsequent casing stg ng is installed, the next drill bit

S REFERENCE TO RELATED APPLICATIONS
s The following is based on and claims_the-priﬁrity of
prdvisional application number 60/242,276 filed Octbber 20,
2000 and provisional application number‘60/263,9417filed

January 24, 2001.

10 R | FIELD OF THE INVENTION
This invention relates to equipment that can be used
in the drilling and completion of wellbores in‘an‘ |
underground formation and in the produc#ion of fluids from
such wellsi o
15
BA&KGROUN‘D OF THE IﬁV‘ENTION
Fluids such as oil; natural gas aﬁd water are obtained
from a subterranean geqlogic formationj(a *reservoir”®) by
drilling a well that penetrates the fiuid-bearing
20 formation. Once the well has been drilled to a certain
depth the borehole wall must be supported to prevent
collapse. Conventional well drilling methods involve the

installation of a casing string and cementing between the



5 nust pass through the inner dianeter of the casing. In this manner each
change in casing requires a reduction in the borehole dianeter. This

repeated reduction in the borehole dianeter creates a neeg%% Yg@g | ar ge
initial borehole dianmeters to permt a reasonable pipe di %0 the
depth where the well bore penetrates the producing formation. The need for
| ar ger boreholes and multiple casing strings results in nore tine,

mat eri al and expense being used than if a uniformsize borehole could be
drilled fromthe surface to the producing formation. 15 Various nethods
have been devel oped to stabilize or conplete uncased boreholes. U S.
Patent No. 5,348,095 to Wrrall et al. discloses a nethod involving the

radial  expagsis@hgoland G2 R reholRy too provdidd @uptidran fdrt fetie HbteH ey
dianeter. Very large forces are needed to inpart the radial deformation

desired in thQisupRiied. WEcal ebhehl ity deeaRAsRy Wi iy Gos fierded tiR

expand the casing string, nethods that involve.expanding a I|ner that has 2
Lot B R s g BT A5
et ormet o g, e LSG,LLnet o is SEATOWE Lol WiB R cigwed
nethodss must pass through the inner diamgter of the casing. 1In
this manner éagh change in casing regquires a reduction in
the borehole diameter. This reﬁeated reduction in the
borehole diameter creates a need for ﬁeryllarge initial
borehole diameters to permit a feasbnable pipe diameter at
10 the depth wherelthé wellbore penetrates ;he producing
. formation. The need for largér boreholeé and multiple
casing Strings reéults in-moré time, material and expénse
being used than if a uniform size borehole could be drilled
from the surface to tﬁe producing formation.
15
Various methods.have‘been'developed.tos;abilize or
complete‘uncaSed boréholes. U.S. Patent No. 5,348,095 to
Wbrralllet'al. discloses a method invoiving the radial
expansion of a casing string to a cﬁnfiguration with a
20 larger diameter. Very large forces are needed to impart
the radial deformation desired in this method. In an

effort to decrease the forces needed to expand the casing

string, methods that involve expanding a 1iner that has




still require significant anobunts of force to be applied throughout the

entire length of the slotted |iner.

A probl em sonetinmes encountered while

drilling a well tois the loss of drilling fluids into subterran zones.
st ZE

The loss of drilling fluids usually |l eads to increased ex

can

result in a borehole collapse and a costly "fishing” job to recover the
drill string or other tools that were in the well. Various additives are
comonly used 15 within the drilling fluids to help seal off |oss

circulation zones, such as cottonseed hulls or synthetic fibers. Once a

wel |l is put

i n production an influx of sand 20 fromthe producing

formation can lead to undesired fill wthin the wellbore and can damage

val ves and of hepcsRGAdMGL! @9ote! ahedifau PURRLyeNBRLBLMAsAYS Bocn

attenpted for ~sa

control . ust
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wel | . SUMMARY, OF THE | NVENTI.ON. Agccar di n

resent i ntion,

. .to the v a
techni que is IBVB%VﬁeHhFoFaﬂééloﬁegﬂrﬁﬁgéﬂﬁaﬁ etBFsﬁ pF&e eSFEEriﬁnﬁo 40

borehol e. The bistable device is stable in a first contracted configuration

and a second espihgedationfvithagnohncrpagrdnplangtasvPrernsngegepl |y

t ubul ar,
5
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expansion mandrel through the slotted liner. These methods
still require significant amounts of force to be applied

throughout the entire length of the slotted liner.

-A problem sometimes encountered while‘drilling'a well
is ;he loss of drilling fluids into subterranean zones.
The loss of drilling fluids usually leads to increased
expenseé but can result in a borehole collapse and a costly
“fishing” job to recover the drill string or othef toolsr
that were in the well. vafious additi#es are commonly used
within the drilling fluids to help seal off loss
circulation zones, such-as cottonseed-hulls:or synthetic

fibers.

Once a well is put in production an influx ofrsand
from the producing formaﬁion can lead to undesired fill
within the wellbore and can damage valves and other
production related equipment. Many méthods have been

attempted for sand control.

ntron is directed



having a | arger dianeter in the expanded configuration than in the
contracted configuration. The technique also may is utilize a conveyance

mechani sm able to transport the bistable device to a Iocagégp ig ﬁ
subt erranean borehole. Furthernore, the bistable device cah™HBUGRPr uct ed

in various configurations for a variety of applications. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention will hereafter be described with
reference to the acconpanyi ng drawi ngs, wherein like reference nunerals
denote like elenents, and: 4 2 August 2005 Figures IA and 1B are
illustrations of the forces inposed to nake a bistable structure; s Figure
2A and 2B show force-deflection curves of two bistable structures; Figures
3A - 3F illustrate expanded and col |l apsed states of three bistable cells
with various thickness ratios; 10 Figures 4A and 4B illustrate a bistable
expandabl e tubu aiid didsabaifach ditth a8l AR AL 4 4D
illustrate a bistable £<pandab| e 1s tubular d?'n co ﬁ%apsezj%n ex%%fdgga%%
states within I 23 o e d 5B illustrate a andabl.e packer
1% %H : .
type of depl oyment evl'ﬁ:cled;a g:g{ﬁ:?eg%r%e%%ﬁ%aﬁg% 5 Ffst rOa%gt gl 51 al
packer type set forth above, and can be useful in other applications as

5 well.

SUMMARY OF THE INVENTION

According to the present invention, a technique is

provided for use of an expandable bistable device in a

10 borehole. The bistable device is stable in a first
contracted configuration and a sécond expanded
configuration. An exemplary device is-génerally‘tubular;
having a larger diame;er-in the éxpanded configuration than
Vin the contracted configuration. 'The technique also may

15 utilize a conveyance ﬁechanism able to transport the
bistable device to a loéation in a subterranean borehole.
Furthermofe, the bistable device can be_constructed in

various configurations for a variety of applications.'

20 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will hereafter be described with

reference to the accompanying drawings, wherein like

reference numerals denote like elements, and:




of deploynment device; 5 2 August 2005 Figures 7A - 7D illustrate an
expandabl e swage type of deploynent device; Figures SA - 8D illustrate a
pi ston type of deploynment s device; Figures 9A and 9B illu hrat
type of deploynent device; Figures |OA and |1 OB illustrate %.H%W§2§9€e of
10 depl oynent device; Figure 11 is a schematic of a wellbore utilizing an
expandabl e bi stable tubular; is Figure 12 illustrates a notor driven radial
roller deploynment device; and Figure 13 illustrates a hydraulically driven
radial roller deploynent device. 20 6 2 August 2005 Figure 14 illustrates
a bi stabl e expandabl e tubular having a wapping; Figure 14A is a view
simlar to Figure 14 in which the s wapping conprises a screen; Figure 14B
is aviewsimlar to Figure 14 showi ng another alternate enbodi nent; 10
Figure 14Cis a viewsimlar to Figure 14 show ng ‘

Figures 1A and 1B are illustrations of the forces

imposed to make a bistable structure;

‘5 ‘Figure 2A and 2R show forcg-defiéction curves of two
biétable structures;

Figures 3a - 3F illustrate expanded and collapsedr
states of three bistable cells with various thickness
ratios; |

10
Flgures 4A and 4B illustrate a bistable expandable

tubular in its expanded and collapsed states;

Figures 4C and 4D illustrate a bistable expéndable

15 tubular in collapsed and expanded states within a wellbore;

Figures 5A and 5B illustrate an expandable packef type

of deployment device;

20 Figures 6A and 6B illustrate a mechanical packer type

of deployment device;




anot her alternate enbodinent; Figure 14D is a viewsimlar to Figure 14
showi ng another alternate enbodinent; Is Figure 14Eis a viewsimlar to
Figure 14 showing another alternate enbodinent; Figure 15 is a perspective
view of an alternative 20 enbodinent of the present invent?849ust 202,gust
2005 Figure 15A is a cross-sectional view of an alternative enbodi nent of
the present invention. S Figure 16 is a partial perspective view of an
alternative enbodi nrent of the present invention. Figures.|7A-B are a
partial perspective view and a partial cross-sectional end view
respectively of an to alternative enbodi nent of the present invention.
Figure 18 is a partial cross-sectional end view of an alternative

enbodi nent of the pFagwmesi Mdent Tonillastiate BheekpramhiR is%aaésgg,@gi Blee
to various nodifications and alternative forms, specific enbodi ffent

t hereof have bdepnlspmentbyewtiyepf exanple in the drawings and are herein
described in detail. It should be wunderstood, however, that the
description herein of 20 specific -enmbodinents is not intended to limt the
invention to the particular fornms disclosed, but on the contrary, the 8

Figures 8A - 8D illustrate a piston type of deployment

5 device;

Figures 9A and 9B illustrate a plug type of deployment

device;

Figures 10A and 10B illustrate a ball type of

10 deployment device;

Figure 11 is a schematic of a wellbore utilizihg an

expandable bistable tubular;

15

Figure 12 illustrates a mdtqr driven radial roller

deployment device; and

Figurg ;3 illustrates a hydraulically driven radial

roller deployment device.




2 August 2005 intention is to cover all nodifications, equivalents, and
alternatives falling within the spirit and scope of the invention as
defined by the appended clainms. 5 . DETAI LED DESCRI PTI ON OF EXENPLA%H%

EMBODI MENTS Bi stabl e devices used in the present i nvent i orf Y9t 4
advantage of a principle illustrated in Figures 1A and 1B. Figure 1A shows
a rod 10 fixed at each end to rigid supports 12. If the rod 10 is
subjected to an axial force 10 it begins to deformas shown in Figure 1B.
As the axial force is increased rod 10 ultimtely reaches its Euler
buckling imt and deflects to one of the two stable positions shown as 14
and 15. If the buckled rod is now clanped in the buckled position, a force
at right angles to Figude 14nid Jaw toraees Causias i o ekgandayes toueiider of
the stable positions but to no other position. Wien the rod is subjected

to a lateral fleawieng ta RuSlpgigMe through an angle ii before deflecting to
its new stable position. 20 Bistable systens are characterized by a force

defl ection curve such as those shown in Figures 2A and 2B. The externally
applied force 16 causes the rod 10 of Fig. 13 to nove in the direction X
and reaches a maxi num 18 at 9 2 August 2005 the onset of shifting from one

stabl e configurati t her .,.:EL A fl.ect.l equl r.es |.es rce
becaUse t he gsysteg?ﬁgaghggAaq%egay?EﬁiE%%P%%grgﬁébgﬁgrkhg% ﬁﬁewm&FﬁeEﬁe

‘5 wrapping comprises a screen;

Figure 14B is a view similar to Figure 14rshowing

another alternate embodiment:

Figure 14C is a view similar to Figure 14 showing

another alternate embodiment;

Figure 14D is a view similar to Figure 14 showing

ancther alternate embodiment;‘r

Figure 14E is a view similar to Figure 14 showing

ancother alternate embodiment ;

Figure 15 is a perspective view of an alternative

embodiment of the present invention.




becones zero the deflection to the second stable position 5 is spontaneous.
The force deflection curve for this exanple is symetrical and is
illustrated in Figure 2A. By introducing either a precurvg%xre Hg 6 e rod
or an 10 asynmetric cross section the force deflection cur HAP 8 made
asymmetric as shown in Figure 2B. In this systemthe force 19 required to
cause the rod to assune one stable position is greater than the force 20
required to cause the reverse deflection. The force 20 nust be greater
than zero 15 for the systemto have bistable characteristics. Bistable
structures, sonetinmes referred to as toggle devices, have been used in

i ndustry for such devices as flexible discs, over center clanps, hol d-down
devi ces and 20 quick rel ease systens for tension cables (such as in
sai | boat rigging backstays). 10 2 August 2005 Instead of using the rigid

supports as shown i nejRifIres I a.cell can he constructed where
the restraint is provdlﬂded By c%’r \%%é%su%secg&ﬁﬁejt it dhan dieraatinewn
in Figures 3A am¥od; t ruts 21 and 22 5 have the same thickness as
shown in Figures §klg%ﬁﬁg§& ?ﬁg EFB?%%&ﬂéPWEPFFGH-curve is linear and the
cell lengthens when conpressed fromits open position Figure 3Bto its

cl osed position Figure 3A. If the cell struts have different thicknesses,
as shown in Figures 3C - 3F, the ' '

s Figure 16 is a partial rerspective view:of an

alternative embodiment of the présent invention.

Figures 17A-B are a partial perspective view and a
partial cross-sectional end view respectively of an'

10 alternative embodiment of the present invention.

Figure 18 is a partial cross-sectional end-view ofran

alternative embodiment of the present invention.‘

15 While the invention is susceptible to various

modifications and alternative forms,VSpecific embodiments
thereof have been shown by way of example in the drawings
and are herein described in detail. It should be |

understood, ho&ever, that the description herein of
20 specific embodiments is not intended to limit the invention

to the particular forms disclosed, but on

the contrary, the




10 cell has the force deflection characteristics showm in Figure 2B, and
does not change in length when it noves between its two stable positions.

An expandabl e bi stable tubular can thus be designed so th Lﬂﬁﬁbadlal
di mensi on expands, the axial length remains constant. In | i f
the thickness. ratio is over approximately 2:1, the heaV|er strut resists
| ongi tudi nal changes. By changing the ratio of thick-to-thin strut

di rensi ons, the opening and closing forces can be changed. For exanpl e,
Figures 3C and 3D illustrated a thickness ratio of 20 approximately 3:1
and Figures 3E and 3F illustrate a thickness ratio of approximately 6:1.
An expandabl e hore bistabl e tubular, such as casing, a 11 2 August 2005
tube, a patch, XHESRHHEN dih 45 qovien It awbdi firvat iserd £e@iivalents, and
circunferential bistable connected cells 23 as shown in Fi gures 4A and 4B,

wher e each t hi Rléerpativess fadddegt ed thin aheispd Sty Wn@ %ol of the
| ongi tudinal flexibility of such a 5 tubular can be nodified by changing

the length of th¥esglibn aandelfinednbectheg appehdeeVcalfaigl /S Wth a
conpliant link. Further, the force deflection characteristics and the

| ongi tudinal flexibility can also be altered by the design of the cel
shape. Figure 4A illustrates an expandable to bistable tubular 24 inits
expanded configuration while Figure 4B illustrates the expandabl e bi st abl e

tubular 24 in its commmrad SESCNIFARTE oF HaiH AP mid Bkl S
—_—— e NS

Bistable devices used in the present invention can
take advantagé of a prinéiple illustrated in Figures 1A and
1B. Figure 1A shows a rod 10 fixed at each end to rigid
supports 12. If tﬁe rod 10 is subjected to an axial force

10 it begins to deform as shown in Figure 1B. As the axial
force is increased-rod 10 ultimately reaches its Euler
buckling limit and deflects to one of the two stable
positions shpwn as 14 and 15. 1If the buckled rod is now
clamped in the buckled position, a force at rlght angles to

15 the long axis can cause the rod to move to either of the
stable positions but torno other positionT When the rod is
subjected to a lateral force it must move through an angie

 before deflecting to its new stable position.

20 Bistable systems are characterized by a force
deflection curve such as those shown in Figures 2A and 2B
The extermally applied force 16 causes the rod 10 of Fig

1B to move in the direction X and reaches a maximum 18 at



application the term"collapsed” is used to identify the configuration of
the bistable elenent or device in the 15 stable state with the snallest
dianeter, it is not meant to inply that the el enment or de Zgggag

in any way. In the collapsed state, bistable tubular 24 |s H@Nﬁl

I ntroduced into a well bore 29, as illustrated in Figure 4C. Upon pl acenent
of the bistable tubular 24 at a desired 20 wel | bore |ocation, it is
expanded, as illustrated in Figure 4D. 12 2 August 2005 The geonetry of
the bistable cells is such that the tubular cross-section can be expanded
in the radi al direction to increase the overall diameter of the tubular.

As the tubular gxp al.ly, the bistable cells deforms elastically
until a specific geone? #ssqje%'fclﬁ% fogm ofie stadilet coef dustethl en oed [the
nove, e.g. snap SEjln expanded geonetry. Wth sonme materials and/or
bi stable cell ate5| gn eeﬁ%@r“@y‘-%’aﬁﬁmlmsem ifvrdee HIRside the

def ormation of the cell (as each bi stable cell snaps past 10 the specific

geometry) that ¥FFBYPAIIAS eeResagivealspring rakki ahe WA HRRNF9R Of
adj oi ni ng blst%ble cells past the <critical bistable cell geonetry

Dependi ng on t RECQBEESeErronthar defleatpont tonthk gggananseg% 0% h of
bi st abl e expandabl e tubul ar can be expanded froma single % 8
i ke nanhér i f iFagbafitanepuessi ve forces are

The force deflection curve for this‘eiample is
symmetrical and is illustrated in Figure 2A. By
introducing either a Precurvature to the rod or an

10 asymmetric ¢cross section the force deflection curve can he
made asymmetric as shown in Figufe 2B. In this system the
force 19 required to cause the rod to assume one stable
position is greater than the force 20 required to cause the
lreversa deflection. The force 20 must-be greater than‘zero

15 for the system to have bistable characteristics

Bistable structures, sometimes referred to as toggle
devices, have been used in industry for such devices as
flexible discs, over center clamps, hold-down dev1ces and

20

quick release systems for tension cables (such as in

sailboat rigging backstays) .

10




exerted on an expanded bistable tubular, it contracts radially and the

bi stable:cells deformelastically until a 20 critical geonetry is reached.
At this point the bistable <cells snap to a final collapsed_structure. In
this way the expansion of the bistable tubular is reversibf8ugysi2005
repeat abl e. Therefore the bistable tubular can be a 13 2 August 2005
reusabl e tool that is selectively changed between the expanded state as
shown in Figure 4A and the collapsed state as shown in Figure 4B. s In the
col | apsed state, as in Figure 4B, the bistable expandable tubular is
easily inserted into the well bore and placed into position. A deploynent
device is then used to change the configuration fromthe coll apsed state

to the expanded stan@teld b h@qn@xeﬁgd%qgaaagsgga§tgnaE'qy{gmfA desi gn

control of the elastic material propertieS of eaCh bistable

such that a 00@§bﬁ@ksrii'ahdf BCCal C lgecggp%gegoggs Fb?g lg%d@%ﬁg t

t he constralnlng wel I 'bore surface. e’is erira
ned to ve certain

t h bist abl e
Sty L ooul Belfrhificnig ! 80 Fl&%?.gﬁ.ﬁggvss SEPuEPn CaporRERd sEuPReh | s

desired results. e exaip
an expandabl e b| tabl e tubuLar string with nore than one 20 di aneter

t hroughout the Pengrhs B?WPhénsF}ﬁﬁﬁe TPis™ e belf uReER| strubsr 2horrd 22t h

varyi ng di ameters, et he .
5 havé the same thickness as shown in Figures 3A and 3B, the

force deflection curve is linear and the cell lengthens
when compreésed from its open position Figure 3B to its
closed position Figure 3A. If the cell struts have
different thicknesses, as shown in Figures BC ; 3F, the

10 cell hgs the force deflection characteristics shown in
Figure 2B, and does not change in length when it moves
between its two stable positions. An expandable bistable
tubular can thus be designed so that as the radial
dimension expands, the axial_length remains constant. In

15 cne example, if the thickness ratio is over approximaﬁely
2:1, the heavier strut resiéts longitudinal changes. Byr
changing the ratio of thick-to-thin sﬁrut dimensions, the
opening and closing forces can be changed._ For exanmple,
Figures 3C and 3D illustrated a thickness ratio of

20 approximately 3:1, and Figures 3E and 3F illuétrate a

thickness ratio of approximately 6:1.

An expandable bore bistable tubular, such as casing, a

11




designed that way or as a result of unplanned occurrences such as
formati on washouts or keyseats within the borehole. 14 2 August 2005 This

al so can be beneficial when it is desired to have a portion of the

bi st abl e expandabl e device | ocated inside a cased section of AugiestR00%
whi | e another portion is located in an uncased section of the well. Figure
11 illustrates s one exanple of this condition. A wellbore 40 is drilled
fromthe surface 42 and conprises a cased section 44 and an openhol e
section 46. An expandabl e bi stabl e device 48 having segnents 50, 52 with

various diameters is placed in the well. The segnent with a |arger
d toio stabilize the openhol e section 46 of the well,

di aneter 50 is u%&
Sha@ BGtehn educ gd pd, alﬂ?&iﬁbé%oh%t%% yg@%e(st@gges of

while the segnE
Bi stable collars or connec

cased section 44 of tge wel | .
Figure 4C) can Si¥cvafdwenginad bosahbow 86hhLAPS4O e histabl e expandabl e
tubullar to be joined together into a strlng o %ge%ﬁﬁg g gFﬁssb§anlnhe

sane principl e Bsgureastnaand 48, FLENLE o 4B. ThIS bi st abl e connect or
24A al so incorporates a bistable ceII deS|gn HAtSEFIBWRLi ist conmpaned to

radi al |y 20 usiagchiek seweyeshant for he bi st abl e expandabl e
t ubul ar conponent. Exenpl ary blsta Qé%ﬂ%grﬁﬁﬁﬁ%blhlameaﬁrsﬁ&hgﬁtly

L?;?SLI Lhiﬂnﬁgﬁﬁﬂ?{f%ﬁ ﬁél%&r i Sde%t | Onsantgrﬁtg “he bleeerg?tljz Oofnet(?he zr;ils
and by connectlng each row of cells with a compliant link.
Further the force deflection characterzstlcs and the
longitudinal flexlblllty can also be altered by the design
of the cell shape. Figure 4a illustrates an expandable

10 bistable tubular 24 in its expanded configuration while
Figure 4B illustrates the expandable bistable tubular 24 in
1ts contracted or collapsed conflguratlon Within this
application the terp “collapsed” is used to identify the
conflguratlon of the blstable element or dev1ce in the

15 stable state with the smallest dlameter it is not meant to
imply that the element or device is damaged in any way. In
the collapsed State, bistable tubular 24 ig readily
introduced into a wellbore 29, as illustrated in Figure 4C

U .
pon placement of the bistable tubular 24 at a desireg

20 wellbo i it i
re location, it ig expanded, as illustrated in Figure

4D.

12




2 August 2005 then placed over the ends of the two sections and
mechanical ly attached to the expandabl e tubul ar sections. Mechani cal
fasteners such as screws, rivets or bands can be wused to connect the
connector to the tubular sections. The 5 bistable connector 2gHsR0y | s

designed to have-an expansion rate that is conpatible with the expandabl e
tubul ar sections, so that it continues to connect the two sections after

t he expansion of the two segnents and the connector. 10 Alternatively, the
bi st abl e connector can have a dianeter smaller than the two expandabl e
tubul ar sections joined. Then, the connector is inserted inside of the
ends of the tubulars and nechanically fastened as di scussed is above

Anot her enbodi ment VEhe dydstwatme dﬁ&@%ﬁéﬂl@fcei‘ﬁ £0ds, of %R]h bU| ar
n ?%r %cess

sections on either their inner or outer surfaces orm an a

in which the cubAeOcrdsd-Qfat o fit,into the
3 e ALOUE A “d’fe? q'ﬁ'éq: "‘Baéfilrﬂelchanl cally

recess is placed in the recess. The connector Wou

attached 1o thaisadeien desanded Abaye, oJd LY suuay Lhe sonpestor form

relatively flush-type connection wt
2005 A conveyapge.fev transparts the_histable expandable t ubul ar
RS ﬁg hﬁgu%%goﬁgpa § fadia lg the bistable cells deform

| engt hs and bi st abl'e connéec

5 elastically until a specific geometry is reached. At this
point the bistable cells move, e.g. snap, to a final
expanded geoﬁetry. With some materials and/o? bistable
cell designs, enough energy can be released in the elastic
deformation of the cell (as each bistéblelcell snaps past

10 the spécific geometry) that the expanding cells are able to
‘initia;e the expansion of adjoining bistable cells past the

- ecritical bistable cell geometry. .Depending on the

deflectibn curveé, & portion or even an entire 1ength of

blstable expandable tubular can be expanded from a single

L} point.

In like manner if radialrcompressive forces éré
exerted on an expanded bistable tubular, it contracts
radially and the bistable cells deform elastically until a

20 critical geometry is reached. At this point the bista#le
cells snap to a final collapsed structure. In tﬁis way the
expansion of the bistable tubular is reversible and

repeatable. Therefore the bistable tubular can be a

13



wel | bore and to the correct position. (See Figures 4C and 4D). The
conveyance device may utilize one or nore 5 nechani sns such as wreline

cable, coiled tubing, coiled tubing with wireline conductOé, drill ﬁipe,
tubing or casing. A deployment device 33 can be incor por at 6&UBHE%PRe 10
bottom hol e assenbly to expand the bistable expandable tubular and
connectors. (See Figures 4C and 4D). Depl oynent devices can be of nunerous
types such as an inflatable packer el enent, a mechanical packer el enent,
an expandabl e swage, a piston apparatus, a mechanical |Is actuator, an

el ectrical solenoid, a plug type apparatus, e.g. a conically shaped device
pul l ed or pushed through the tubing, a ball type apparatus or a rotary

type expander awuddslehencdi shuesed behawe 1201 anchahhahalloe agken el oment

is showmn in Figures 5A and 5B and is a device wt I"at’a | adder,
| ar

element, or b WlednNeerPRr akednbitho i 1he; Ri,skabl e. expandabl tub
syst em bottom hol e assenbly. In tﬂgw%lﬁ&s?%QF?%nE%faﬁé EHEUSBEEEEES Fi gure
5A, the inflatahlLeopagk epepnt.. 25 is,l.ocated inside the entire |ength,
or a portion, of tﬁé %n???§+ E%o%f %§3d4%fate bi st abl e tubul ar 24 and any
bi st abl e expandabl e connectors (not shown). Once the bistable s expandable

tubul ar systemis at the correct deploynent depth, the inflatable packer

el enent 25 is,expanged
5 n the collapsed state, as in Figure 4B, the bistable

expandable tubular is easily inserted into the wéllbore and
placed into position. A deployment device is thén used to
change the configuration from the collapsed state to the
expanded state.
10
In thelexpanded state, as in Figure 4A, design control
of ;he elastic material properties of each bistable cell
can be such that a éonstant radial force can'be'applied by
the tubular wall fo the constraining wellbore surface. The
15 material properties and the geometric shape of the bistable

cells can be designed to give certain desired results.

One example of designing for CErtain degired results
is an expandable bistable tubular string with mo?e than one
20 diameter throughout the length of the string. This can be
useful in boreholes with varying diameters, whether
designed that way or as a result of unplanned occurrences

such as formation washouts or keyseats within the borehole.

14




radially by punping fluid into the device as shown in Figure 5B. The
inflation fluid can be punped fromthe surface through tubing or dril

pi pe, a nmechanical punp, or in via a downhole electrical punp which

powered via wireline cable. As the inflatable packer eIenen?pggUﬁéﬁﬁﬁnds

it forces the bistable expandable tubular 24 to also expand radially. At a
certain expansion dianeter, the inflatable packer el enent causes the

bi stable cells in the 15 tubular to reach a critical geonetry where the

bi stable "snap" effect is initiated, and the bistabl e expandabl e tubul ar

system expands to its final dianmeter. Finally the inflatable packer
element 25 is deflated and renoved from the depl oyed bistable expandable

bul ' | d
Lubular 24. 20 Dhiseaiian) o BACkenddeBl yhs:o009 ) AL QUPS AT, 08

and is a device with a deformable plastic elene
The force t.0

an t
en conpressegoirkihe o¥Xitdk 13s2a ?‘i%“ %%ngﬁbg %fjlﬁggs 1Sratechamsdfe oz,

conpress the elenent can be provi
lic |ston The mechani cal

such as a screwgggC ydra > >
packer el enent d§p|o§§BF§§hb§§taBFeW8%E Hﬁég?eaﬁ thist| RPstdra dsnAecebed in
acker el ement. The deformable plastic

t he sane way aF tQS |nflataz
el enent 26 applies: AHCBUPHRFEctioraPlt Bhecvellt heFianee dilr dlibeteates of

t he blst?ble exgandabl tubul ars and connectors, allow ng them
example of this condition. A wellbore 40 is drilled

from the surface 42 and comprises a cased section 44 and an
openhole section 46. An expandable blstable device 48
having segments 50, 52 with various diameters is rlaced in
the well. The ségment with a larger diameter 50 is used to
10 stabilize the openhole section 46 of the well, while the
segment haviqg a reduced diameter 52 is locatedrinside the

cased section 44 of the well,

| Bistable collars or cbnnectors 24A (éee Figure 4C) can

5 be designed to allow sections of the bistéble expandable
~tubular to be joined together into a string of useful
lengths using the same principle as illustrated in figure
4A and 4B. This bistable connector 24A also incorporates a
bistable cell design that allows it to expand radially

20 using the same mechanism as for the bistable expaﬁdéble
tubular component. Exemplary bistable connectors havé a
diameter slightly larger than the expandable tubular

sections that are being joined. The bistable connector is

15




in turn to expand froma contracted position (see Figure io 6A) to a final
depl oyment di aneter (see Figure 6B). An expandabl e swage is shown in

Figures 7A - 7D and conprises a series of fingers 28 that are arranged
radially around a conical nandrel 30. Figures 7A and 7C shé/#ugrele?d0® and

top views respectively. Wien the mandrel 30 is pushed or pulled through
the fingers 28 they expand radially outwards, as illustrated in Figures 7B
and 7D. An expandable swage is used in the same nanner as a nechani cal
packer elenment to deploy a bistabl e - expandabl e tubular and 20 connector. A
pi ston type apparatus is shown in Figures SA - 8D and conprises a series
of pistons 32 facing radially 19 2 August 2005 outwardly and used as a

mechani smto exphed phacbiisbebtethex@aadabl ect Lbular d connegtors. Wen
energi zed, the pistons 32 apply a radially dire%%gdé?%gﬁ%n?daﬁ pl oy the

bi st abl e expandaétiean bl i nf.l.atabl.e acker
o By foesied &9 Eﬁg'%&ﬁ%ééEQigigﬁﬁ¥£kéuﬁ¢@$#@Qﬁwes

el enment. Figures 8A and 8C illustrate the pi
i ston type apparatus can be

8B and 8D show pmdweh4m SdHNSe he
actuated hydraulically, mechani ca %yuc-oli} aeslpesc?‘?ef“%?al KrvagE Rplhands/ pmn be
es 9A and 9B and conprises a plug 34 that

tuator is ill I dd
actuator is i dﬁ&%&%d&eétﬁ#@%i%c@%xmgml & rasecidls. The

I's pushed or pulled thro
connectors as in Figure 9A. The plug is sized to expand the bistable
oS 2L h 1l connector typically is designed to have.an

expansion rate that is compatible with the expandable
tubular sections, so that it continues to connect the two
sections after the expansion-of the tw0 segments and the
connector, |
10
Alternatively, the bistablé connector can have a
diameter smaller than the two expandébie tubﬁlar sections
jo;ned. Then, the connector_is insérted inside of the end#
of the tubulars and mechanically fastened as discussed
15 aboye. Another embodiment would involve the machining of
the ends of the tubular sections on either their inner or
outer surfaces to form an annular receés in which the
comnector is located. A connecﬁor designed to fit into the
recess is placed in the recess. The connector would then
20 be mechanically attached to the ends as described above.
In this way the connector forms a relatively Elush-type

connection with the tubular sections.

16




cells past their critical point where they will snap to a 1s final
expanded di aneter as shown in Figure 9B. A ball type actuator is shown in
Figures | OA and 10B and operates when an oversized ball 36 is punped
through the middl e of the bistable expandabl e tubul ars 24 ardiuygyst 2005
connectors. To prevent fluid | osses through the cell slots, an expandable
el astoner based liner 38 is run inside the bistable expandable tubul ar
system The liner 38 acts as a seal and allows the ball 36 to be
hydraulical |y punped 20 2 August 2005 through the bistable tubular 24 and
connectors. The effect of punping the ball 36 through the bistable
expandabl e tubulars 24 and connectors is to expand the cell geonetry
beyond the critical Bigeaberapoentievatkodd ngribk o@ggae%gogigtgg Lake place
as shown in Figure 10B. Once the bistable expandabl e tubul ars an%
connectors are @xpandad]ethsbubhnslOAREnS! ball 36 are |,
withdrawn. Radial roller type actuators gl§%?§%ﬁ§%§9ﬁ%é%$?%ﬁ?EPﬁ§pﬁﬂEPtQR?
bi st abl e t ubul arekBodr®ngnd MPWise | t,es a nofor drjven expandabl e
radial roller tool. The tool conp?%széiééé()yn?%sr?l ore se{ée%fﬁa@f‘-?ﬁe% G rpmd

are expanded tapya seinhdi Rk ns of a nmechanismand pivot. On the
end of each set of arns is a%ﬁ% 198 MG Y5128 T8 Qramdxe at t ached

to the tod topRGALAJ rectly inside the wellbore and the bistable
tubular 24. A nmotor 6 pF%%%d?? Fﬁéea&FEbcﬁ?lﬁot&PélﬁﬁbbmhdMQuaxﬁaEbBy,

tubing with wireline conductor, drill pipe, tubing or

casing.

A deployment device 33 can be incorporated into the

10 bottom hole assembly to expand the bistable expandable

tubular and ¢onnectors. (See Figures 4C and 4D) .
Deployment devices can be of numerous types such as an

inflatable packexr element, a mechanical packer element, an

expandable swage, a piston apparatus, a mechanical

) .
5 actuator, an electrical solencid, a plug type apparatus

€.9. a conically shaped device rulled or pushed through the

tubing, a ball type apparatus or a rotary type expandér as

further discussed below.

20

An inflatable packer element is shown in Figures 5A

and SB and is a device with an inflatable bladder, element

or bellows incorporated into the bistable expandable

tubular system bottom hole assembly. In.the illustration of

17




thus turning the roller(s) circunferentially inside the wellbore. The axis
of the roller(s) is such as to allow 20 the roller(s) to rotate freely when
brought into contact wth the inner surface of the tubular. Each roller
can be conically-shaped in section to increase the contact 2augas©b?005r ol | er
surface to the inner wall of the tubular. The 21 2 August 2005 rollers are
initially retracted and the tool is run inside the collapsed bistable
tubular. The tool is then rotated by the notor 64, and rollers 60 are
noved outwardly to contact the inner surface of the bistable tubular. Once
in s contact with the tubular, the rollers are pivoted outwardly a greater

di stance to app%y an outwardly radial force to the bistable tubular. The
1

outward novenen QprﬁhéAptherénf&ahabéeapaenafi§bgﬂeﬂ£a2§eggrigg%ggdforce
or an appropriate actuator nechani smcoupl ed between the notor and the

10 rol lers 60. ¥agifienghepenvirpobengen, | 6ragipstelod 0 Ge POL Ot Waere. the
bi stabl e tubul ar can be expanded to the final'%?%nete?.ng%%th%+t+§lthen

| ongi tudi nal | y feVvéapsad osigicd el € ' [ tubul ar, while the
o : e e Re b fad| 2 S P Bl earls oF ) o a

notor continues to rotate the pivot arns an ers.

shal | ow hel i cadxpaida®be | Asifle- A1 b(irfci)ta &t b;,l| r,.(:(f(rax&?endi ng the .
i sta u Riethable, e

bi st abl e cglls.in their path. Once the :
tool rotatson ischaniork Al rs%'t%rrq 3% Rt hgcred, e td()e(glq:yfneg:;en
depth, the inflatable packer element 25 is expanded
radially by pumping fluid into the device as shown in
Figure 5B. fThe inflation fluid can be pumped from the
surface through tubing or drill pPipe, a mechanical pump, or
10 via a downhole electriéal pump which is powered via
wireline cable. As the inflatable paéker element 25
expands, it forces the bistable expandéble tubuléf 24 to
also expand radially. At a certain expansion diaméter, the
inflatable packer element causes the biStablé cells in the
15 tubular to reach a critical geometry where the bistable
“snap* effect is initiated, énd the bistable expandable
tubular system expands to its final diameter. Finally the

inflatable packer element 25 is deflated and removed from

the deployed bistable expandable tubular 24.

20

A mechanical packer element is shown in Figures 62 and
6B and is a device with a deformable plastic element 26

that expands radially when compressed in the axial

18




tubul ar by a conveyance device 68 that also can be used to insert the
tool. 22' 2 August 2005 Figure 13 illustrates a hydraulically driven radi al

rol | er depl oynent device. The tool conprises one or nore rgllerﬁgﬁg t hat
are brought into contact with the inner surface of the bi st AHPESYIBRI ar by
means of a hydraulic 5 piston 70. The outward radial force applied by the
rollers can be increased to a point where the bistable tubular expands to
its final dianmeter. Centralizers 62 can be attached to the tool to |ocate
it correctly inside the wellbore and bistable tubular 24. The rollers 60
are to initially retracted and the tool is run into the collapsed bistable
tubular 24. The rollers 60 are then depl oyed and push against the inside
wal | of the bi dizbk¢ibnbulthie Férce texpamgraspokhioglehehiiechubykar to its
final dianmeter. The entire tool is then pushed or pulled longitudinally

through 15 thePbbsiabHethwbubﬁrazéoﬂgﬁéggiﬁﬂ fBensntkme2hengLpnoks hi stable
cells 23. Once the bistable tubular 24 is deployed in itsS expanded state,

the rollers 60serew methantsfl, aRdmt Nt Q04 ' fromgthe wellbore
by the conveyance device 68 used ?o ?ﬁserty??éﬁ%éggﬁﬁég?ﬁg gkﬂ?he axi s of

| ongi Cud nal |y S rrsaonet re2braf BPERTE pBl Spa DS piScable! Sataasie

| ongi tudinally throug
5 tubulars and connectors in the same way as the inflatable

packer element. The deformable plastic element 26 applies
an ‘outward radial force to the inner circumference of the
bistable expandable tubulars and connectors, allowiné them
in turn to expand from a contracted pasition (see Figure

10 6A) to a final deployment diameter (see Figure 6B).

An expaﬁdable swage is shown in Figures 7A --7b and
comprises a series of fingers 28 that are arranged radially
around a conical mandrel 30. Figures 7A and 7C show side

15 and top views respectively. When the maﬁdrel 30 is pushed
or pulled through the fingers 28 they expand rédially
outwards, as illustrated in Figures 7B and 7D. An
expandable swage is used in the same'manner‘as 2 mechanical
packer element to deploy a bistablelexpandable tubular and

20 connector.

A piston type apparatus is shown in Figures 8A - 8D

and comprises a series of pistons 32 facing radially

19




2 August 2005 Power to operate the deploynent device can be drawn from one
or a conbination of sources such as: electrical power supplied either from

the surface or stored in a battery arrangenent along with %2@ dq&k@gnent
devi ce, 's hydraulic power provided by surface or downhol e pamyg“s bi nes

or a fluid accumul ator, and nechani cal power supplied through an
appropriate |linkage actuated by novenent applied at the surface or stored
downhol e such as in a spring nmechanism |0 The bistabl e expandabl e tubul ar
systemis designed so the internal dianeter of the deployed tubular is
expanded to maintain a maxi mum cross-sectional area along the expandabl e
tubul ar. This feature enabl es nono-bore wells 1Is to be constructed and
facilitates el iTHYWRTSY ndroEcrms asmutiantiath Wot kxpad tHHend; sMaliRor e
casi ng systens where the casing outside dianmeter nust be stepped down nany
times, restrictxppraatess tubu laarg ave hb@he&togﬁ.ThﬂthSEﬁQh%i%éﬁa”@ﬂgle
tubul ar system can be applied in nunerous applications such as an

expandabl e opepilstlons B2nepplsea Fhadke114)ivaereqgt Bg,-RLSLAb xpangdabl e
tubular 24 is used to support an open h%ﬁelfornatioan$ %%e?ngﬁgagg§4 2

August 2005 exbgegableadkphnfahes eﬂﬁgﬁgrm’séégﬁﬁf}g%é‘;ﬁ%ﬁétﬁ% OL8120l8 e

tubular 24 is radially expanded in Irectron

5 packer element. Figures 8A and 8C illustrate the pistons
retracted while Figures 8B and 8D show the pistons
extended. - The piston type apparatus can be actuated

hydraulically, mechanically or electrically.

10 A plug type actuator is illustrated in FiguresVQA and
9B and comprises a plug 34 that is pushed or pulled through
the bistable expandable tubulars 24 or coﬁnectors as shown
in Figure 9A. The rlug is sized to expand the bistable
cells past their critical point where they will snap to a

15 final expanded diameter as shown in Figure 9B.

A ball type actuator is shown in Figures 10A and iOB
and operateé when an oversized ball 36 is pumped through
the middle of the bistable expandable tubulars 24 and .
20 connectors. To prevent fluid losses through the cell slbts,
an expandable elastomer based ;iner 38 is run inside the
bistable expandable tubular system. The liner 38 acts as a

seal and allows the ball 36 to be hydraulically pumped

20




71, the tubular noves into contact wwth the surface formng wellbore 29.
These radial forces help stabilize the s formations and allow the drilling

of wells with fewer conventional casing strings. The open E%@e Hé@ﬁé al so
can conprise a material, e.g. a wapping 72, that reduces guy
fluid loss fromthe wellbore into the formations. The wapping 72 can be

made froma variety of materials 10 includi ng expandabl e netallic and/or

el astonmeric materials. By reducing fluid loss into the formations, the
expense of drilling fluids can be reduced and the risk of |osing
circul ati on and/ or borehol e collapse can be mnimzed. is Liners also can
be used within well bore tubulars for purposes such as corrosion
protection. Onecheeum ehef b s tedolredSiukeu I i 70 RN o drin d dieo LV | rﬁ{@‘?‘éﬁfetclﬁat
results when carbon dioxide is used to enhance oil recovery froma

produci ng for metfi gumpGargh ahedib@lizde 6 ERou theyﬂgqg V. wat er
(H2O that is present to form carbonic acu?@ﬁ( H2CO3 3 mh J§%:a|t’gis££:k'an al so

be generated, espediailsl R4 hndsdohwe t@HOYRAS A ul ars sed to
i nject the carbon dioxide as well as those ugeﬁﬁFﬁhgfo umﬁﬁg\mﬁﬁ°m

2 August 2005 megop@l the BETRLLKICLILILE] LRLLRS! 015ALES T lgreg%ggtmn

I nvention can be used for placing protectiv Mrer

24, within an gyisg I .tubul ar |l lustrated with dashed

lines in Figure 14 ktopggggngéiégo eifo FggFeefQ?fecPEcéh&thbéﬁﬁéhéethe
ful )

usetu , - expandable tubulars and connectors are expanded, the

elastomer sleeve 38 and ball 36 are withdrawn.

Radial roller type actuators alsoc can be used to

10 expand the bistable tubular sections.- Figure 12
illustrates a4 motor driven expandable radial roller tool.
The tool compriées one or more sets of arms 58 that are
expanded to a set diameter by means of a mechanism and
rivot. On the end of each set of arms is a roller 60.

15 Centralizers 62 can be attached to the tool to locate it
correctly inside the wellbore and the bistable tubular 24.
A motor 64 provides the force to rotate the whole assembly,
thus turning the roller(s) circumferentially ingide the
wellbore. The axis of the roller(é) is such as to allow

20 the roller(s) to rotate ffeely when brought into contact
with the inner surface of the tubular. Each roller can 59

conically-shaped in section to increase the contact area of

roller surface to the inner wall of the tubular. The




life of the wellbore tubulars. Another application involves use of the

bi stable tubular 24 illustrated in Figure 14 as an expandable to
bistable cells in the bistable expandable

perforated liner. The open
tubular allow unrestricted flow fromthe formation while pRdaishe0d
structure to stabilize the borehole. 15 Still another application of the
bi stabl e tubular 24 is as an expandabl e sand screen where the bistable

cells are sized to act as a sand control screen or an expandable screen

el ement 74 can be affixed to the bistable expandable tubular as
illustrated in Figure 14Ain its collapsed 20 state. The expandabl e screen

el ement 74 can be_formed as a wapping around bistable tubular 24. It has
been found thaf thBYFnPESi inbhiallhovptsacess 40 C@Se OPLQ th 2@ |5 0f; 58
borehole w | igaitse£f hel p stabilize the formation and 2% Augus% §ﬁﬁ%
reduce or elim RBecohbapséd Ui ofalsbe dedtkwrg s he ROAUGING; . Znes, even | f
no additional screen elenent is used. Another applicat |loglsoft Fe TAEA e

tubular 24 is deyathe meto BCehmxpadalle dd Nl Were the bistabl e
expandabl e tubul ar cell structure is reinfor ce&vﬁt Vae%ce%trﬂaliﬂlyfé:‘oqﬂ 75,
p'llttd'trﬁ' el 4Binehh & RN ' 2 S ¢
as illustrated ¢mtfacgurehel 4Binekhe S é e ATy Once. i
structural support or hydraulic . i50|atlgﬁrF%%”?Eﬁ Pdemdtidrtarto Once in

5 contact with the tubular, the rollers are pivoted outwardly
& greater distance to apply an outwardly radial force to
the bistable‘tubular. The outward movement of the rollers
can be accomplished via centrifugal forcé Or an appropriate

- actuator mechanism coupled between the motor &4 and the

10 rollers 66.

The final pivot position is adjusted to‘a point where

the bistable tubular can be expanded £0‘the final diameter.
The tool is then longitudinally moved through the coliapsed

15 bistable tubular, while the'métor continues to rotate the
pivot arms and rollers.l The rollers follow a shaiiow
helical path 6§ inside the biétable tubuiar, expanding the
bistable cells in their path. oOnce the bistable tubular ie
deployed, the tool rotation is stopped and the roller

20 retracted. The tool is then withdrawn from the bistable

tubular by a conveyance device 68 that also can be used to

insert the tool.
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The bi stabl e expandabl e tubul ar 24 al so can be used as an expandabl e
connection systemto join traditional lengths of casing 76a or 76b of
different dianmeters as illustrated in Figure 14C. The tubular 24 al so can
be used as a 15 structural repair joint to provide increased”sgee@§0n for

exi sting sections of casing. Another application includes using the

bi stabl e expandabl e tubul ar 24 as an anchor within the wellbore from 20
whi ch other tools or casings can be attached, or as a "fishing' tool in
whi ch the bistable characteristics are wutilized to retrieve itens |ost or
stuck in a wellbore. The bistable expandable tubular 24 in its coll apsed
27 2 August 2005 configuration is inserted into a lost item 77 and then
expanded as i ndi cat fdglyeadB3odd 148 tira B0kl By d : d .
configuration the bistable tubular exerts ragigﬁulkgﬁggg ?%ggggsgggfa%n

retrieving therbtieri Heployhenk Bistable @ngkgglabéﬂggﬁge egégnﬂg?%gréhe
ol Tapsed~i

well inits expanded configuration, placed over an
a t.to ttach and

direction of arsDwer#9sarengd Lestpi 7340808 L€
retrieve it as illustrated in Figure8§§%? tﬁg% 9?%% Sti¥ht7the yrPBPed by

DLl b A Bdee Seceth 61 d0ubEL LS O el oL 2R e oo,
such as: gutt iﬁﬁgst@rppfd).pr i'ﬁ-}_ee lgutsupaa:pc? drepc?z{a P ftcbxrcoeu gglpg{]fegm IL'_\L é)lze arglulbeli'lsar
can be increased to a point where the bistable tubular.
expands to ité final diameter. Centralizers 62 can be
attached to the tool to locate it correctly inside the
wellbore and bistable tubular 24. Thé rbllers 60 are
10 initially retracted and the tool is run into the collapsed
bistable tubular 24. fThe rollers 60 are then deployed and
push against the inside wall of the 5istab1e tubular 24 to
expand a portion of theltubular to its final diameter. The
entire tool is then pushed or pulled longitudinally through
15 the bistable tubula; 24 expanding the entire length of
bistable cells 23. Once the bistable tubulér 24 is
deployed in its expanded state, the rollers 60 are
retracted and the tocl is withdrawn frbm the wellbore by
the conveyance device 68 used to insert it. By altering
20 the axis of the rollers 60, the tool can be rétated via a

motor as it travels longitudinally through the bistable

tubular 24.
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"5 pipe thereby creating an expandabl e bistable device inits collapsed
state; cutting patterns into a tubular pipe thereby creating an expandabl e
bi stable device in its expanded state and then conpressing the device into
its collapsed state; cutting appropriate paths through a SHagusbePQ
material, rolling the material into a tubular shape and joining the ends
to forman expandabl e bistable device in its collapsed state; or cutting
patterns into a sheet of material, rolling the material into a tubular
shape, 28 2 August 2005 joining the adjoining ends to form an expandabl e

bi stable device in its expanded state and then conpressing the device
into its collapsed state. 5 The materials of construction for the bistable

expandabl e tubul ar s Peweri ol ngerthesehisy giepablensedewi tBi Bant Be Qidaywand
gas industry such as carbon steel. They can also be nmade of specialty

al l oys (such agramnonelprlacaaﬁbanahaaheonﬁoQEcEHn§§&E”aQaSSQ ekkg§§1 i f
the application 10 requires. The configurations shown for the |sta

tubul ar 24 arpowkkustippliiva ofchée EPShaEhQnsﬁifécQaéfCs@&ééabLe gell.
O her configurations may be suitable, but the concept Ts presen t€d% s al so

valid for thesgaotéey H8PEBLELESE {1g§éew%ﬁh %ﬁgséég es an agggﬁlﬁned

tubing 80 fornmed of bi-stable cel

portion 89'(t“ﬁ?dfﬁfﬁhérbé@é&”ﬁ%&&%d&@'by su ggélg}téhwnhole pumps,
turbines or a fluid'accumulator, and mechanical power
supplied through an appropriate linkage actuated by
movement applied at the surface or stored downhole such as
in a spring mechanism.
10
The bistable expandable tubular system is designed so
the internal diameter of the deployed tubular is expanded
to maintain a maximum cross-sectional area élong the
expandable tubular. This featufe enables mono-bore wells
15 to bg constructed and facilitates elimination of problems
associated with traditional wellbore casing systems where
the casing outside diameter must be stepped down many

times, restricting access, in long wellbores.

20 The bistable expandable tubular system can be applied
in numerocus applications such as an expandable open hole
liner (see Figure 14) where the bistable expandable tubular

24 is used to support an open hole formation by exerting an
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20 formof a slot, as shown, a flattening, or other thinning of a portion
of the tubing 80. The thinned portion 84 extends generally longitudinally

and may be linear, helical, or follow sone other circuitoys patg2 %ﬂ one
29 2 August 2005 embodi ment, the thinned portion extends f B2 of

the tubing to the other to provide a communication |ine path 84 for the
tubing 80. in such an enbodi nent, a conmunication |ine 86 nmay pass through

t he communication line path 84 s along the tubing 80. In this way, the

communi cation line 86 stays within the general outside dianmeter of the

tubing 80 or extends only slightly outside this dianeter. Al though the
ne thinned portion 84, it may include a plurality

tubing is shown W%th .
that are spaced aBHitdt F@HG cifreGer oretde e lilhoneumsntaRte. Thes thisvaede

portion 84 may e .used to house a conduit (not shown) through which
comuni cati on I54R¥386 29ads spdimlil expasded dn the direReder of dlrdlds
or other materials, such as mxtures of fluids and solids. is As used
herein, the terrh:" &Seminbuderomobiereintef ebatate anynt yae QErQQ%QPngﬁEhﬁn
line such as electric, hydraulic, fiber optic, conbinations of these, and
the like. 20 Pieddbere529i| | Thesat eadpalexesbbar Hel Bi BREH; POLLI 7 84
5 for@ations and allow the drilling of wells with fewer
conven;ional casing strings. The open hole liner also can
comprise a material, e.g. a wrapping 72, that reduces the
rate of fluid loss from the wellbore into the formations.
The wrapping 72 can be made from a variety of materials
10 including expandable metallic and/or elastomeric materials.
By reducing fluid loss into the formaﬁions, the expense of

drilling fluids can be reduced and the risk of losing

circulation and/or borehole collapse can be minimized.

15 Liners alsoc can be used within wellbore tubulars for
purposes such as corrosion protection. One example of a
corrosive environment is the environment that results when
carbon dioxide is used to ‘enhance oil recovery from a
producing formation. Carbon dioxide (C0;) readily reacts

20 with any water (H.0) that is present to form carbonic acid
(H2C0;) . Other acids can also be genefated, especially if-
sulfur compounds are pPresent. -Tubulars used to inject the

carbon dioxide as well as those used in producing wells are

25




designed to receive a device 88. As with the cable placenent, device 88 is
at least partially housed in the 30 2 August 2005 thinned portion of the
tubing 80 so that the extent to which it extends beyond the outer dianeter
of the tubing 80 is |essened. Exanples of certain alternat?/gestiz®bnent s
of devices 88 are electrical devices, neasuring devices, s neters, gauges,
sensors. More specific exanpl es conprise val ves, sanpling devices, a
device used in intelligent or snmart well conpletion, tenperature sensors,
pressure sensors, flowcontrol devices, flow rate neasurenent devices,

oi |l /water/gas ratio nmeasurenent devices, scale to detectors, equipnent
sensors (e.g., vibration sensors), sand detection sensors, water detection

sensors, data stﬂf_t@cl&tdetté gMeSEDS | devERNSD 'dor /NS Yra38IS Or Spy J)Hﬂ@s% oI nt

sensors, conmposition sensors, resistivity array devices and

Sensors, gamma ey derocie oo MR £oF AEPha gy Recive % ntingr o

sensors, gamma ray detectors, H2S

ey UL MO ¢ BONGLOeT s Ao e%fg%ﬁgﬁgfau@”ﬁa%ff(grgat he

devices mght make are ow rat pressur

pressure, den o l-at i unt 20 gas, and solids, water
cut, 0|I-mate?h%§tlge7% &gﬁﬁg%atﬁéa angﬁﬁg9d3ilﬁeﬂuéﬁsflgggs 14) to
5 minimize the corrosive effects and to extend the useful

life of the wellbore tubulars.

Another application involves use of the bistable
tubular 24 illustrated in Figure 14 as an expandable
10 perforated liner. The open bistable cells in the bistable
expandable tubular allow unrestricted flow from the
formatiqn while providing a structure to stabilize the

borehole.

13 Still anotherrapplication of the bistable tubular 24
is as an expandable sand screen where the bistablé cells
are sized to act as a sand control screen or an expandable
screen element 74 can be affixed to the bistable expandable
tubular as illustrated in Figure 14A in its collapsed

20 state. The expandable screen element 74 can be formed as a
wrapping around bistable tubular 24. It has been found
that the imposition of hoop stress forces onto the wall of

a borehole will in itself help stabilize the formation and
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As shown in the figure, the device 88 may be exposed to fluid inside and
out side of tubing 80 via openings fornmed by the cells 82. Thus, the

t hi nned portion 84 nay bridge openings as well as |linkages 21, 22 %f t he
cells 82. 5 Also note that the communication |ine 86 and aséAtigsledOd
comuni cation |ine path 84 nmay extend a portion of the I|ength of the
tubing 80 in certain alternative designs. For exanple, if a device 88 is
pl aced internedi ate the ends of the tubing 80, the comrunication |ine
passageway 84 may 10 only need to extend froman end of the tubing to the
position of the device 80. Figure 16 illustrates an expandabl e tubing 80
formed of bi-staple cells 82 having thin struts 21 and thick 15 struts 22.
At |east one off RIS %@ LMiqase | ol oF0)sainsi radomt inked Yo dRTirighan
other struts of the tubing 80. The wider strut 90 nmay be used for various
pur poses such F&N&SputEviey ¢f oommddiitdonel sicresn ielemeditng Cfaleds, or

devi ces, such as sensor arrays. 20 Figures 17A and 17B illustrate tubing 80
having a strut 90 that is relatively wider than the other thick struts
22. A passageway 92 forned in the strut 90 32 2 August 2005 facilitates

pl acenent of a conmAnbehiroapbleatfohh8sWehk baBEabREOUERLhE Lybing 80

and may be used for other purposes. Figure 17B is a cross sectionalf 9Peft

showi ng the reinforced exparnidable liner where the bistable expandable
tubular cell structure is reinforced with a cement or resin
75, as illustrated in Figure 14B. The cement or resin 75
provides increased structural support or hydraulic

isolation from the formation.

10

The bistable expandable tubular 24 also can be used as
an expandable connection system to join tradiﬁional lengths
of casing 76a or 76b of different diameters as illustrated
in Figure 14C. The tubular 24 alsc can be used as a

15 Structural repair joint to provide increased strength for

existing sections of casing.

Another application includes using the bistable
expandable tubular 24 as an anchor within the wellbore from
20 which other tools or casings can be attached, or as a
“fishing” toel in which the bistable characteristics are

utilized to retrieve items lost or stuck in a wellbore.

The bistable expandable tubular 24 in its collapsed




passageway 92. Passageway 92 is an alternative enbodinent s of a
communi cation |line path 84. A passageway 94 may be configured to generally

follow the curvature of a strut, e.g. one of the thick struts 2%, §§
further illustrated in Figures 17A and 17B. 10 Figure 18 i fPYEE§ZPRR 4

t hi nned portion 84 having a dovetail design wth a relatively narrower
opening. The comunication l[ine 86 is fornmed so that it fits through the
relatively narrow opening into the wider, |ower portion, e.g. by inserting
one side edge and then the other. 1s Conmunication line 86 is held in place
due to the dovetail design as is apparent fromthe figures. The wi dth of
the comunication line 86 is greater than the width of the opening. Note
that the com‘rur’ﬁ"’égtli925‘r¥alti1r‘\"é1 96 ndpextast iigdo a Rosd d tm i Mmemdvhiey may be
of the same or different 20 fornms (e.g " a hydraulic, an electric, and a
fiber optic | SPaEpded 8¢ dogicader bA sorosenTector ¥ikeirecQaECt iR the

adj acent tubings may incorporate a connection for the comrunication |ines.

33 2 August 2065PROfedt hanfiberesdvonichat baethble PaBSAGEWAYS4 MR DS
used in conjunction with other types of expandabl e tubings, such as t%ose

of the expandafibecesothad hbBgEtt yRerstdis¢hagedniniy §-'€§he”tm -
5,366,012, issued Novenber 22, 1994 to Lohbeck, the Folée tubing types of

U. S. Pat ent hbbisﬁaHBQ,Qﬁ@ulé?SHEQOJéQHaB¥ din 1248 EﬁeK%gifyinngé Pat ent

expanded configuration, placed over and collapsed in the
difection of arrows 79 around lost item 77 in an attempt to
attach and retrieve it as illustrated in Figure 14E. Once
lost item 77 is gripped by bistable tubular 24, it can be

10 retrieved through wellbore 29.

The above described bistable expandable tubulars can
be made in a variety of manners such as: cutting
appropriately shaped paths through the wall of a tubular

15 pipe thereby Creating an expandable bistable device in its
collapsed state; cutting patterns into a tubular pipe
thereby creating an expandable bistable device in its
expanded state and then compressing the device into itg
collapsed state; cutting appropriate paths through a sheet

20 of material, rolling the material into a tubular shape and
joining the ends to form an expandable bistable device in
its collapsed state; or cutting patterns into a sheet of

material, rolling the material into a tubular shape
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No. 5,337,823, issued August 16, 1994 to Nobileau, U S. Patent No.

3,203, 451, issued August 31, 1965 to Vincent. 10 The particul ar enbodi nents
di scl osed herein are illustrative only, as the invention nay be nodified
and practiced in different but equival ent manners apparentszguﬁﬁg@é

skilled in the art having the benefit of the 15 teachings herein.
Furthernore, no limtations are intended to the details of construction or
design herein shown, other than as described in the clains below. It is
therefore evident that the particular enbodi nents disclosed above nay be

altered or nodified and all such variations 20 are considered within the
r di ngl the protection sought

scope and spiriteehihhRernkn ti.on. Acc Y,
herein is as sgf fééphtF% %ﬁ@°&P&FﬁseﬂaﬁoﬁP 8grmoan, gupandedbieChAkEbYBat

is clainmed is:: glyg paratus for. yse in a wellbore, conprising: an
expandabl e bistabré@%egﬁc Eioﬁfpaﬂﬁ@ fbrte qrpd obent compxesairgarme!l | bor e

wal |, the expaggggée bi stapl e device having a plurality of bistable cells
arranged in a generaltyt? ubtfafokheprediskatturality of bistable cells
being stable in a collapsed configuration and in an expanded

configuration.

5 The materials of construction for the bistable
expandable tubulars can include those typically used ;ithin
the o0il and gas industry such as carbon steel. They can
also be made of specialty alloys {such as & monel, inconel,

hastelloy or tungsten-based alloys) if the application

10 requires,

The configurations shown for the bistable tubular 24
are ;llustrative of the operation of a basic bistable cel]l
Other configurations may be suitable, but the concept

15 presented is also valid for these other geometries

Figure 15 illustrates an expandable tubing 80 formed
of bi-stable cells 82. The tubing 80 defines a thinned
portion 84 (best seen in Figure 15) which may be in the

20 form of a slot, as shown, a flattening, or other thinning
of a portion of the tubing 80. The thinned portion 84
extends generally longitudinally and may be linear,

helical, or follow some other circuitous path. In one

29




2. The apparatus as recited in claim1l, wherein each bistable cell
conprises at |east two el ongated nenbers connected to each other. 3. The

apparatus as recited in claim?2, wherein the collapsed configurationis a
first generally tubular configuration and the expanded confzi*giﬂ“ﬂ?qm’ is a
second generally tubular configuration having a | arger dianeter than the
first generally tubular configuration. 4. The apparatus as recited in
claim3, further conprising a conveyance device able to transport the
expandabl e bistable device to a desired location in the wellbore. 5. The
apparatus as recited in claim4, wherein the apparatus further conprises a
depl oynent device able to initiate expansion of the expandabl e bi stable
device from it sSRedtmenyencihe | shintrd aporidn i #2000 tons L9800t the
generally tubular configuration. 6. The apparatus as recited in claim4,

wher ei n each cel4Pingoms iths atidr sto pemeidand cormREaNth RS 1nd "l e

menber and the second nenber each conprising a md-point and two

and further whdca rkhehadbinrgt senbeamn issid6 fd®ddiend h D@ econd
member. 7. The apparatus as recited in claim6. wherein 'tﬁdg%l rs"?"iacn ion

2 8 8 g n (éL KF % e\r/\z ;ta:nies BS? m ;@&:sLsy :tﬁ%'&%t efheS ohmuBdb AR e S §59Rd p?éSt h2 Bﬁu gust

5 along the tubing 80. In this way, the communication line
86 stays within the generalloutside diameter of the tubing
80 or extends only slightly outside this diameter.
Although the tubing is shown with-one thinned portion 84,
it may include a plurality that are spaced about the

10 circumference of the tubing 80. The thinned portion 84 may
be used'to house a conduit (not shown) through which

communication lines 86 pass or which is used for the

transport of fluids or other materials, such as mixtures of
fluids and solids.

15
As used herein, the term “communication line~ refers

to any type of communication line such as electric,

hydraulic, fiber optic, combinations of these, and the

like.

20

Figure 15A illustrates an exemplary thinned portion 84
designed to receive a device 88. As with the cable

Placement, device 88 is at least partially housed in the
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1. An apparatus for use in a wellbore, conprising: an expandabl e bi stable
device configured for deploynent proxinmate a wellbore wall, the
expandabl e bi stabl e device having a plurality of bistable cells arranged
in a generally tubular shape, the plurality of bistable €dsiril3g
stable in a collapsed configuration and in an expanded configuration. 2.

The apparatus as recited in claim1l, wherein each bistable cell conprises
at | east two el ongated nenbers connected to each other. 3. The apparatus

as recited in claim2, wherein the collapsed configuration is a first

general |y tubul ar configuration and the expanded configuration is a second
di aneter than the first

[ 1y tubulay: fiqur.atio ving .a | arger
Generai 1y tubuines kit B IHe S nd dl (ns whavie dihe o et afon 3.

general |y tubular Fgur
further conprisging a.tponveégpce device able to transport the expandable
bistabl e devi (&8 & IESEEES) b&xoreh the e smeldieareters o fTheapaalgUS 03S
recited in claim4, wherein the apparatus further conprises a depl oynent
. l. . ol p 1 i i
devi ce able to & ggg@edexp§ﬁ§m§.egfoﬁhgegﬁpapdahterhh&&ﬁ@(émﬁaﬂﬂﬁéd&ﬁom
its first generally tubular configuration to its second generally tubul ar
confi guration. °8. d¢HécappBBaans edececiitad davibas heawheh g RAGREE!
conprises a first nenber and a second nenber, the first nenbér and the
nmp .9 . : .
second neAber Bathrsonpaugesng sentdrpoi NMo2BUsh¥Rific examples comprise
valves, sampling devices, a device used in intelligent or
smart well completion, temperature sensors, pressure
sensors, flow-control devices, flow rate measurement
devices, oil/water/gas ratio measurement devices, scale
10 detectors, equipment sensors (e.g., vibration sensors)
sand detection sensors, water detection sensors, data
recorders, viscosity sensors, density sensors, bubble point
sensors, composition sensors, resistivity array devices and
Sensors, acoustic devices and sensors, other telemetry
15 devices, near infrared sSensors, gamma ray detectors, H,S
detectors, CO, detectors, downhole memory units, downhole
controllers. Examples of measurements that the devices
might make are flow rate, pressure, temperature
differential pressure, density, relative amounts of liguid

20 gas, and solids, water cut, oil-water ratio, and other

measurements.
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ends, and further wherein the first nenber is nore flexible than the
second nenber. 7. The apparatus as recited in claim®6, wherein the first

and second nenbers are nmechani cally connected such that thf sq;ggg §5 2
August 2005 menber hinders deformation of the first member.28Y9 0
apparatus as recited in claim7, wherein the first nmenber has two stable
positions, the first stable position being where the first nenber

m d-point is adjacent to the second nenber nmid-point, the second stable
position being where the first nmenber md-point is displaced fromthe
second nmenber md-point to forma gap between the first nmenber m d-point

and the second nemggr sm.d-point. 9...The apparatus.as recited in claims®6,
wherein the second nenggk hg? ghﬁréé &F & hirten EEY1CRa 88 Mevt hies exmonsdr

10. The appar af.ys .e¢ited in _claim@g, wherein the thickness ratio of
the second ne grfﬁélghgn?ﬁgstaﬂéwﬁBFngegPéaF8plﬁﬁaﬁ0 ¥ppr opemdnglsy 3: 1.

11. The appara g§ma§ geci%ed in claim6, wherein the thickness ratio of
the second nenb2F™T6 PHetPPrSeliEnBer i ShypFeatbe thannedppruximat 6Lyméy 1.

12. The apparatus_as recited in claim4, wherein the bistable device
further conpri'SetdgeWRBPLAGS asaundll es lhekagesr2lsuzbace ehet belbssgabl e
device. 13. The apparatus as recited in claim 12, wherein the w apping
conpri ses3an é%bﬁhd@%t% shakehe communication line 86 and associated
communication line path 84 may extend a portion of the
length of the tubing 80 in certain alternative designs.
For example, if a device 88 is placed intermediate the ends
of the tubing 80, the communication line passageway 84 may

19 only need to extend from an end of the tubing to the

position of the device 80.

 Figure 16 illustrates an expandable tubing 80 formed
of bi-stable cells 82 having thin struts 21 and thick
15 sStruts 22. At least one of the thick struts (labeled as
90) is relatively wider than other struts of the tubing 80.
The wider strut 30 may be used for wvarious burposes such as
routing of communication lines, including cables, or
devices, such as sensor arrays.
20
Figures 17A and 17B illustrate tubing 80 having a

strut 50 that is relatively wider than the other thick

struts 22. A bassageway 92 formed in the strut 90




14. The apparatus as recited in claim4, wherein the bistable device
further conprises a deformable material attached to the outer surface of

t he bistable device. 15. The apparatus as recited in claim 14, wherein the
deformabl e nmaterial conprises an elastoner. 16. The appar af G%9%% 2088 t ed
in claim15, wherein the elastomer is selected to be resistant to crude
oils, brines, and acids encountered in oil and gas wells. 17. The
apparatus as recited in claim4, wherein the bistable device inits second
general ly tubular configuration conprises a plurality of dianmeters. 36 2
August 2005 18. A nethod of stabilizing an uncased section of a wellbore in
an undergroungafoination, conprising; providing an expandabl e bistable

devi ce havi ng S2CJehERaPs yPlafrMent Phape ePmEIURLARE i ersl ine pior shet yebf
bi stabl e cells; glacing the bistable device at a position in the wellbore
while in a firdRSstBpreoltthe: tubiia 0 @nd maypdreliwged htobistisdte devi ce
to a second stable state having a generally tubular configuration w thout
substanti al | y Peteeées). Hdimird ai s B0 .crbims naddiibmel recdd ashowi &) aiH
18, further conprising attaching a wapping to the outer surface of the
bi stabl e devimmssageway 92. Passageway 92 is an alternative embodiment
5 of a communication line path 84. A passageway 94 may be
configured to generally follow the curvature of a strut,
€.g. one of the thick struts 22, as further illustrated in

Figures 17A and 17B.

10 Figure 18 illustrates a thinned portion 84 having a
dovetail design with a relatively narrower opening. The
communication line 86 is formed so that it fits through the
relatively narrow opening into the wider, lower portion,
€.g. by inserting one side edge and then the other.

15 Communication line 86 is held in place due to the dovetail
design as is apparent from the figures. The width of the
communication line 86 is greater thﬁn the width of the
opening. Note that the communication line 86 may comprise
a bundle of lines which may be of the same or different

20 forms (e.g., a hydraulic, an electric, and a fiber optic
line bundled together). Also, connectors for connecting
adjacent tubings may incorporate a connection for the

communication lines.
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20. The nethod as recited in claim 19, wherein attaching conprises
attaching an expandabl e screen. 21. The nethod as recited in claim18,
further conprising applying a defornmable material to the outer surface of
the bistable device. 22. The nethod as recited in clai m 212 AYgE$
appl yi ng conpri ses applying an elastonmeric material. 23. The nmethod as
recited in claim18, wherein radially expanding conprises expanding the
bi stabl e device to a plurality of final dianeters. 24. A nethod for
installing liners within a tubular |ocated in a wellbore, conprising:
form ng an expandabl e bistable device with a plurality of bistable cells,
t he expandabl e bistabl e device having a generally tubular shape;
surroundi ng t he expandabl e bi stabl e device with an expandable |iner

el ement attached to an outer surface of the bistable device; 37 2 August

e nca T o CoTatetee e, AR AR BR B B
?ﬁxg?ed:ghgtgfuﬁfﬂ?ﬂg §&ﬁ?u§céiéﬁew£9hhQLﬂeghgyﬁéQeéf elengg;bggangingg
such as those of the expandable slotted liner type
5 digclosed in U.S. Patent No. 5,366,012, issued November 22,
1994 to Lohbeck, the folded tubing types of U.S. Patent No.
3,489,220, issued January 13, 1970 to Kinley, U.S. Patent
No. 5,337,823, issued August 16, 1994 to Nobileaﬁ, U.8.
Patent No. 3,203,451, issued August 31, 1965 to Vincent.
10
The particular embodiments disclosed herein are
illustrative only, as the invention may be mOdlflEd and
practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the
15 teachings herein. Furthermbre, no limitations are intended
to the details of construction or design herein shown, |
other than as described in the claims below. It is
therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations
20 are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as

set forth in the claims below.
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tubul ar. 25. The -nethod as recited in claim 24, further conprising |ocating
~nul tiple bistable devices in the well bore such that the ends of the

adj acent bi stable devices overlap and forma continuation of the liner

el enent against the inner dianeter of the tubular. 26. The?fiE8¥34083
recited in claim24, further conprising creating each bistable cell with a
thin strut connected to a thick strut. 27. A nmethod for facilitating use
of a Wellbore, conprising: inhibiting sand influx into a well bore, wherein
inhibiting conprises: placing a bistable device at a desired position in a
wel'l bore; and expandi ng the bistable delRIE at | east partially through a
nonstabl e range towards a stable state until the bistable device is able
to exertWhdbpistaleédgefiotees agai nst the wel | bore. 28. The nethod as
recited in claim?29, further conprising attaching a wapping to an outer
surface ol-the?bi apranatusndaberse 2n e lipehed RIRESELNEd cl ai m 30,
wherein attaching conprises attaching an expandable screen. 30. A nethod
of facilitating useapfewrarddder bissahdpe idavige ggndigurprstforpos

deployment proximate a wellbore wall, the
expandable bistable device having a

plurality of bistable cells arranged in a
generally tubular shape, the plurality of
bistable cells being stable in a collapsed
configuration and in an expanded configuration.

The apparatus as recited in claim 1, wherein each bistable
cell comprises at least two elongated members connected to
each other.

The apparatus as recited in claim 2, wherein the collapsed
configuration is a first generally tubular configuration and
the expanded configuration 1is a second generally tubular
configuration having a larger diameter than the first
generally tubular configuration.

The apparatus as recited in claim 3, further comprising a
conveyance device able to transport the expandable bistable
device to a desired location in the wellbore.

The apparatus as recited in claim 4, wherein the apparatus
further comprises a deployment device able to initiate
expansion of the expandable bistable device from its first
generally tubular configuration to its second generally
tubular configuration.

The apparatus as recited in c¢laim 4, wherein each cell
comprises a first member and a second member, the first member
and the second member each comprising a mid-peoint and two
ends, and further wherein the first member is more flexible
than the second member.

The apparétus'as recited in claim 6, wherein the first and
second members are mechanically connected such that the second
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i solating a portion of a wellbore with an expandabl e bistable device
having a generally tubular shape forned by a plurality of bistable cells
that permit the expandable bistable device to be selectively actuated
between a contracted state and an expanded state. 31. A rre%ﬁﬁﬁi”%fzog%al i ng
a portion of a wellbore tubular, conprising: |ocating a bistable device
within a well bore tubular adjacent to a zone to be seal ed; and expandi ng
t he bi stabl e device against the wellbore tubular by noving the bistable
device through a nonstable region towards an expanded stable state. 32.
An apparatus for use in a wellbore, conPkAEd$g: a wel | bore conduit having
at | east one bistable device. 33. The apparatus as recited 'in claim 34,
wherei n t h#hbtsiabtlemimdaviige: conprises a plurality of bistable cells, each
bi stable cell conprising at |east two el ongated nenbers that are
connected flo eadnh epbaratats tieei psents,a tied 1devececmpnigingtable in a first
general |y tubul ar configuration and a second generally tubular
configuration, whereian ehpasdzvied bdetabie | deviaghgoafigerdd figrati on has a

| arger diameter than the fdepdpymegeharzddiyatabal eelldorei yatativre 34. The
apparatus as recited in clexipangsbletisistsiaplendeabpmt@vdad furt her conpri ses

a conveyance device abl e trdurpdhtporf kiiisgable cells arranged in a
generally tubular shape, the plurality of

bistable cells being stable in a collapsed
confiqguration and in an expanded configuration.

2. The apparatus as recited in c¢laim 1, wherein each bistable
cell comprises at least two elongated members connected to

each other.

3. The apparatus as recited in claim 2, wherein the collapsed
configuration is a first generally tubular configuration and
the expanded configuration is a second generally tubular
configuration having a larger diameter than the (first
generally tubular configuration.

4. The apparatus as recited in claim 3, further comprising a
conveyance device able to transport the expandable bistable
device to a desired location in the wellbore.

5. The apparatus as recited in claim 4, wherein the apparatus
- further comprises a deployment device able to initiate
expansion of the expandable bistable device from its first
generally tubular configuration to 1its second generally
tubular configuration.

6. The apparatus as recited in claim 4, wherein each cell
comprises a first member and a second member, the first member
and the second member each comprising a mid-point and two
ends, and further wherein the first member is more flexible
than the second member,

7. The apparatus as recited in claim 6, wherein the first and
second members are mechanically connected such that the second




apparatus to a location in a borehole. 35. The apparatus as recited in
claim 36, wherein the apparatus further conprises a deploynent device that
initiates the expansion or collapse of the bistable device, A% stem
for facilitating conmunication along a wellbore, conprisi n& @‘%ﬁndabl e
t ubi ng having a communication |ine passageway. 39 2 August 2005 37. A
systemor facilitating communi cati on along a wel |l bore, conprising: an

expandabl e tubing formed of a pIuraIity of bistable cells, the expandabl e
stemas recited

tublng havi ng a n |on passage he s
H?mhhe’ A e &ffnsﬁwv.%%% SEef | ned by a

in claim39, wherein
t hi nned porté on all expandab e tubi n A vveI | bore tubul ar,

conpri sing: and BSBF%UQ Eleélf:ﬁﬁl H%ﬁ HRSTID Hh§nfedsto member
tubi ng. 40. The ﬁég 5 fPaat l%ﬁs’réﬁ Fhés‘ae“’v"ra@éel sPegiekeed fr RAidny

el ectrical devi c‘"Hlere ?se J'nr tdé\‘ﬁ“ﬁ’(?r af“ tpé’rmtalﬁa 1:;5?2}?&30 s"é??so?ec:ﬁg.
I8yi

A met hod of routi q cgl t'tc’il__otf'}‘ L d
an expandabl e tu?ﬂlﬁg i gt gml poin 1s 1sp1aced from the second mémber
P 1n 0 form a gap between the flrst menmber mid-point and
the second member mid-point.

9. The apparatus as recited in claim 6, wherein the second member
has a greater thickness than the first member.

10. The apparatus as recited in claim 6, wherein the thickness
ratio of the second member to the first member is greater than
approximately 3:1.

11. The apparatus as recited in claim 6, wherein the thickness
ratio of the second member to the first member is greater than
approximately 6:1.

12. The- apparatus as recited in claim 4, wherein the bistable
device further comprises a wrapping attached to the outer
surface of the bistable device.

13. The apparatus as recited in claim 12, wherein the wrapping
comprises an expandable screen.

141 The. apparatus as recited in claim 4, wherein the bistable
device further comprises a deformable material attached to the:
cuter surface of the bistable device.

15. The aPparatus as recited in claim 14, wherein the deformable
material comprises an elastomer. :

16. The apparatus as recited in claim 15, wherein the elastomer is
selected to be resistant to crude oils, brines,. and acids
encountered in oil and gas wells.

17. The‘apparatus as recited in claim 4, wherein the bistable .
device in its second generally tubular configuration comprises
a plurality of diameters.




routing at least a portion of a comunication |ine adjacent at least a
portion of the expandable tubing;, and expandi ng the expandabl e tubi ng. 42.
The nethod as recited in claim43, wherein deploying conprises running an
expandabl e tubing formed of bistable cells into a well. 432A4gush#qod as
recited in claim43, wherein routing conprises routing a cable along an
exterior of the expandable tubing. 44. The nmethod as recited in claim44,
further conprising attaching the communication |ine to the expandabl e
tubing as _the expandable, tubing i s deployed in the well. 40 2 August 2005
45. "The mettRod ésgﬁeEEPFe‘afiﬁtac‘?’di}rﬁlM, ap PRPRIeL RS OPng T rdFRIHPTS in an
cormmuni cati on | PRECpAERRBIAFTRRIPRe SMRFIGABEe tubing to receive the
comuni cation |ine. 46. The nmethod as recited in claim47, wherein formng
comprises formng tRe GOl £aldaankbhee Aiards! BLok-o Walidonmed
between a plurality b%teg 81 £8M Sou1de sHhSe OQIP teghtgd in claim
44, further conprising PrQYik-dh B, &, %bggb%% I to fe expandabl e
tubi ng. 48. The nmethod as“recited in claim49, erein providing conprises
attaching a sensor. 49..The R RAd.ag1Le6idqd bR &' 8500 A%n WheLkn
provi ding conprises "attacRhif,al yiStd Ypest fig fpsxpapdabl e fdevice for
use in a well bore, conprising:
radially expanding the bistable device to a second

stable state having a generally tubular

configuration without substantially reducing

axial length.

19. The method as recited in «claim 18, further comprising
attaching a wrapping to  the outer surface of the bistable
device.

20. The method as recited in claim 19, wherein attaching comprises
attaching an expandable screen.

21l. The method as recited in claim 18, further comprising applying
a deformable material to the outer surface of the bistable
device.

22. The method as recited in claim 21, wherein applying comprises

. applying an elastomeric material.

23. The method as recited in claim 18, wherein radially expanding
: comprises expanding the bistable device to a plurality of
final diameters.

24. A method for installing liners within a tubular located in a
wellbore, comprising:

forming an expandable bistable device with a
plurality of bistable cells, the expandable
bistable device having a generally tubular
shape:; .

surrounding the expandable bistable device with

an expandable liner element attached to an
outer surface of the bistable device;

37




an expandabl e conduit fornmed of a wall having a plurality of slots
therethrough with at |east a portion of the plurality of slots "having an
arcuat e shape when the expandable conduit is in a contractﬁgﬂst%Eﬁ 51
The expandabl e device as recited in claim1, wherein the gist 2003 pe
transitions to an expanded shape as the expandable conduit is radially
expanded. 52. The expandabl e device as recited in claim?2; wherein the
arcuat e shape conpri ses a wave shape. 53. The expandabl e device as recited
in claim2, further CcpDPE&ind Nthed eS&BEAYMD LAH QR 2Lk BE, ed.along the
expandabl e conduit. 54. Th@igx@%y%gamt@liq%i g&é‘é}fgﬁ‘%ﬁf@ : 3 2,
wherein the expandabl e congddbbl&MgYtHeS€EnA Passageway I n which the
comuni cation line is received. 55. The expandabl e device as recited in
claim2, further conpeksimiimy eaei 6ot 1edpk ochbfe CRIPTHARI ¢ation | ne.
56. The expandabl e devi ce aset®td trdblB statdNch nbYht PRL 1 GRPIISIing a
deformabl e material surroundiggieal auh8hssULEAG (e
conduit. 41 2 August 2005 SEHmegrgxgandaEIgBdggpgg gggﬁgg%ﬁggﬁﬁﬁh% aim?7,
wherein the deformable material conprises an el astoner. 58. The expandabl e
devi ce as et echien xirﬁlfgbfifiaﬁar@dﬂihhslgfﬁ(%Qd%ﬁk%hggngo‘%ﬁptri%%n "18&5%k g
€& devices in the wellbore such that the ends
of the adjacent bistable devices overlap and form a

continuation of the liner element against the inner diameter
of the tubular.

26. The mgphod as recited in claim 24, further comprising creating
eich. blstable cell with a thin strut connected to a thick
strut.

27. A method for facilitating use of a Wellbore, comprising:

?nh?biting sand influx into a wellbore, wherein
inhibiting comprises:

placing a bistable device at a desired position-
in a wellbore; and

expanding the bistable device at least partially
through a nonstable range towards a stable
state until the bistable device is able to
exert hoop stress forces against the

wellbore.
28. The mgthod as recited in c¢laim 29, further comprising
attaching a wrapping to an outer surface of the bistable

member.,

29, The_mephod as recited claim 30, wherein attaching comprises
attaching an expandable screen.

30. A method of facilitating use of a wellbore, comprising:
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59.. The, expandabl e device as recited in claim2, wherein the plurality of
slots are forned at least in part by a plurality of pivotal links. 60. A
nmet hod of form ng an expandabl e conduit, conprising: cutting.a pattern of
slots through a wall of a conduit; and arranging at |east Aﬁsﬁt@ﬁ

each slot in an arcuate shape. 61. The nethod as recited in claim11,
wherei n arrangi ng conprises formng each slot in a wave shape. 62. The
met hod as recited in claim11l, wherein cutting conprises orienting the

pattern of slots in a geseseldy 4 %&E&UH'S‘P' W SEEOQ éﬁg[}? the COP?“”
se i ng

63. The nethod as recited i axphakapild. n

the pattern of slots in a saagggégeg}lag fo%ﬁé d%é %%V?' 8 ?t%?“?l?‘ﬁ Yai m
11, wherein cutting conprisBsst&sid idid tshenpat iéaljlgl | iner. 65.
The nethod as recited in clpistddie WRMGENLSUL eg;_r{g ng a
pattern of slots to create Behadrld tbn@kabLs aﬁ? ;@féﬁlppar at us
for use in a wellbore, conpststdg: an expand Ie con U|t con

depl oyment within a wellbore, the expandable conduit having a plurality
of expandabl¥t.celds ndtdiod NBY bgekl itjo wegp a, co cted e
and an expanded statperiByngpplicati O%Wofd a%%rtgghdl §gct ed "?éaf a‘ﬁ y (Jfﬂf%’%it 4

locating a2 bistable device within a wellbore tubular
adjacent to a zone to be sealed; and

expanding the bistable device against the wellbore
tubular by moving the bistable device through a
nonstable region towards an expanded stable
state.

32. An apparatus for use in a wellbore, comprising:
a wellbore conduit having at least one bistable device.

33. The apparatus as recited in claim 34, wherein the bistable
device comprises a plurality of blstable cells, each bistable
cell comprising at least two elongated members that are
connected to each other at their ends, the device being
stable in a first generally tubular configuration and a second
generally tubular configuration, wherein the second generally
tubular configuration has a larger diameter than the first
generally tubular configuration. :

34. The apparatus as recited in claim 35, wherein the apparatus
further comprises a conveyance device able to transport the
apparatus to a location in a borehole.

35. The apparatus as recited in c¢laim 36, wherein the apparatus
further comprises a deployment device that initiates the
expansion or collapse of the bistable device.

36. A System for facilitatin | ;
g communication alo ' .
c i ng  a -wellbore, .

an expandable tubing having a communication line
passageway.
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wherei n during expansi on each expandable cell passes a transition point
that allows the force to be decreased during transition to the expanded
state. 42 2 August 2005 67. The apparatus as recited in claim 17, wherein
the expandabl e conduit conprises a sandscreen. 68. The appafH@ust 2995
recited in claim1l7, wherein the expandable conduit conprises a wellbore
liner. 69. The apparatus as recited in claim17, wherein each expandable
cell conprises a longitudinal strut and a flexible Iink. 70. The apparatus
as recited iR _clai rei n_fl.exib | i.nk . under goes pi vot

mot i on durigg ex%gg%fggiﬁ§:;'TE%gg%%§¥%§§s %é?$%§ﬁ°P§3°Pn EiEN Eo,wééﬁﬁ%ﬁ%1
each flexible link'1s arcuate in formprior to expansion of the expandabl e

conduits. 72. The appghagyﬁfﬁg gfgﬂdﬂggn%nf& |N.40, WheEk '%§¥Ig% force may
Cransi ti on point. 73 An %@Eié";‘réﬁsf £HE 2ol LB B2 an
expandabl e devicé debloyabﬁgﬁﬁﬁ gé%éﬁ%bg?g? €%€?%§p§idabie devi ce haVing a
plurality ogg.expﬁ@d§p§@@§eégs EAGRY axp Q§Bl% geh ggg@r{géngoa thin,.
Strut that 15 11 exed TBSLAESRE GONCKAEhEH LA’ pfcALs CypARART T agbais on
wi thout plastic ggbord@ileORubing.

39. A wellbore tubular, comprising:

and expandable bistable tubing; and
a device mounted to the tubing.

40. The tubing of claim 41, wherein the device is selected from an
electrical device, a measuring device, a meter, a gauge, and a
sensor.

41. A method of routing a communication line in a well,
comprising:

deploying an expandable tubing in a well;
routing at least a portion of a communication
line adjacent at least a portion of the

expandable tubing; and

expanding the expandable tubing. .

42. The method as recited in claim 43, wherein deploying comprises
running an expandable tubing formed of bistable cells into a
well,

43. The method as recited in claim 43, wherein routing comprises

routing a cable along an exterior of the expandable tubing.
44. The method as recited in claim 44, further comprising

attaching the communication line to the expandable tubing as
the expandable tubing is deployed in the well.
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74. The apparatus as recited in claim24,' wherein each thin strut is
coupled to at |east one thick strut that remain unflexed during transition
of the thin strut fromthe contracted state to the expanded state. 75. The
apparatus as recited in claim25, wherein each thin strut ?Z&upbsia0ply
coupled to at |east one thick strut. 76. The apparatus as recited in cI aim
24, wherein the expandable device renmains at a substantially fixed axi al

|l ength during transition fromthe contracted state to t he expanded st ate.

(he thiok st tao et de Befs %51 elaft A4, D n SRS s ihae fauming
$ Ligiia @533 gewaévmﬁ BmEMPaRtaal¢ atiang, to

recited in clai mgd4,..wae n
expandabl e tubul ar. 79 {i‘ﬁé CU %‘tna us""(c;’t%1 g ted in claim29, wherein the

radially exgandaf.e {4 tha |§_,ea1§g§dscre n % 2 August Org\%pggcaﬁ\prises

met hod of applyingaik r?r?urﬁ.%aal n gn Jéqrg dBvithd ok  FELpt  formed
e

expandabl e devi Cg,+GQ g
plurality of cel Ies expan(sléaj[}%e V\egnbas%% r &€ state and an expanded

state; sel eqying e GePRELT Yy of ]t @8 | §,5U¢ that4 he IIs ex and,
aut onorously once,gy pcflaf Ronpatht Fl y SB%yedindg
the expandabl e dgglcgapast e1ce a L5204 toe the expanénge tugln

48. The method as recited in claim 49, wherein providing comprises
attaching a sensor.

49, The method as recited in claim 49, wherein providing comprises
attachlng an instrument.

50. An expandable device for use in a wellbore, comprising:

an expandable conduit formed of a wall having a
plurality of slots therethrough with at
least a portion of the plurality of slots
having an arcuate shape when the expandable
conduit is in a contracted state.

51. The expandable device as recited in claim 1, wherein the
arcuate shape transitions to an expanded shape as the
expandable conduit is radially expanded.

52. The expandable device as recited in claim- 2; wherein- the
arcuate shape comprises a wave shape. '

53. The expandable device as recited in claim 2, further
comprising a communication line routed along the expandable
conduit,

54. The expandable device as recited in claim 2, wherein the
expandable conduit comprises a passageway in which the
communication line is received.

55. The -expandable device as recited in claim 2, further
comprising a device coupled to the communication line.

56. The expandable device as recited in claim 1, further

comprising a deformable material surrounding an outer surface
of the expandable conduit.
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transition point and against a surface of the welibore w thout reaching
the expanded state. 81. The nethod as recited in claim 31, wherein formng
conpares expanding the plurality of cells w thout axial shortening of the
expandabl e device. 82. The nethod as recited in claim31, wh&He4st2P8? ning
conprises formng the expandabl e device as a tubular. 83. The nethod as
recited in claim3l, wherein formng conprises formng the expandabl e
device as a sandscreen. 84. The nethod as recited in claim31l, wherein
form ng co |ses formn t he exeandable dewce as a i bQre |jner, g
The et hod g? prﬁn abten deVigherdi S ar%% CoRpPi Jes RIS i Al a
georretry that ut %@?b&ecﬁﬁﬁ?h’eﬁ% cFﬁ’“\BFlFﬂ?c?(n Shasgrae EOUpI ed to thin

struts. n e andabl e syste conprisin a tupul a configured
for use in %éA\ ﬁ‘)%ofe 18 b AR S Sre A er” iSH “T off Ft‘ﬂdl nal wré‘?’feif%t uFRR
extending the Ie‘?‘f&faﬁ‘ Fh&o? Yt SOTREABE? AMPUBSTERES oriented between
t he Ionglt structur such that expansi, Qn of the t ubul_ar nber

expands the Iu']F}éﬁ i F?pﬂ? ?‘b‘fg ﬂg’élﬁt Butre(féf ge? Fh@lml 8n |"f eh’e{’l the
a 3%

structures. % 1 §9 1 fo8TeEc Afe ctrélltﬂrﬁ dithe they
t ubul ar rrenber & & Uscreen. 44

A method of forming an expandable conduit, comprising:

cutting a pattern of slots through a wall of a
conduit; and

arranging at least a portion of each slot in an
arcuate shape.

61. The method as recited in claim 11, wherein arranging comprises
forming each slot in a wave shape.

62. The method as recited in claim 11, wherein cutting comprises
orienting the pattern of slots in a generally longitudinal
direction along the conduit.

63. The method as recited in claim 11, wherein cutting comprises
cutting the pattern of slots in a sandscreen.

64. The method as recited in claim 11, wherein cutting comprises
cutting the pattern of slots in a liner.

65. The method as recited in claim 11, wherein cutting comprises
forming a pattern of slots to create a plurality of bistable
cells.

66. An apparatus for use in a wellbore, comprising:

an expandable conduit configured for deployment
within a wellbore, the expandable conduit
having a plurality of expandable cells that
may be transitioned between a contracted
state and an expanded state by application
of a force directed radially outward,
wherein during expansion each expandable
cell passes a transition point that allows
the force to be decreased during transition
to the expanded state.
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2 August 2005 88. The expandabl e systemas recited in claim37, wherein the
tubul ar nenber conprises a liner. 89. The expandabl e systemas recited in
claim 37, wherein the tubular nmenber conprises a plurality of pivotal
links connecting adjacent |ongitudinal structures. 90. The? 8484498 e
systemas recited in claim40, wherein the plurality of pivotal links are
arranged to undergo plastic deformation during expansion of the tubul ar
menber. 91. The expandabl e systemas recited in claim38, further
conprising a conmuni cation |ine routed along the tubular nmenber. 92. The -
expandabl e &yst ethQPRRAGAEE @8 EPSERPBSLN wREER nl Thevhensid dhemepapdable -
conprises a passEyBiEy CATRRT$S theargsfRt®Rcation line is received. 93.
The expandal] e systemas recited in _claim38, further conprising a device
coupl ed to the c’%}ﬁnﬁﬁﬁ?étaitﬁﬁ, BEn&ecyied The %}&J’é%d]ahl FNSFSiemths FEEpbeRPiN
claim 37, furthePPWtpFPRPRESSS deMEliBpre Wdt% i al surrounding an outer
surface of_ the tubular nenber. 95. The expandable systemas recited in
clai m 45, ifer ei 'S FPPFEEBF @ ESFeS (18 CdamPr i des™ReE Tt 836 £XPIRdablfe
expandabl e syst éifilds SPBEFE8%S i JAgirdmalididitn 2ped TAURAE hifber
conpri ses 0pI urality of different dianmeters_in its expanded state. 97. A
met hod of uthli ﬁ};&( RafGaigr &% tI5cA t8dweR| G3RaR e8mpMPErRyR PaGR affgxible
expandi ng the t aPRPFRPTE PAVEtRpop@tion during expansion.

71. The apparatus as recited in c¢laim 20, wherein each flexible

link is arcuate in form prior to expansion of the expandable

conduits. :

The apparatus as recited in claim 20, wherein the force may be
removed once each of the plurality of cells is moved past the
transition peoint. :

An apparatus for use in a wellbore, comprising:

an expandable device deployable in a wellbore,
the expandable device having a plurality of
expandable cells, each expandable cell
comprising a thin strut that is flexed
between a contracted state and an expanded
state without plastic deformation.

The apparatus as recited in claim 24, wherein each thin strut
is coupled to at least one thick strut that remain unflexed
during transition of the thin strut from the contracted state
to the expanded state.

The apparatus as recited in claim 25, wherein each thin strut
is pivotally coupled to at least one thick strut.

The apparatus as recited in claim 24, wherein the expandable

device remains at a substantially fixed axial length -during
transition from the contracted state to the expanded state.

The apparatus as recited in claim 25, wherein the thickness
ratio of the thick strut to the thin strut is at least 2:1.

The apparatus as recited in claim 24, wherein the expandable
device comprises a radially expandable tubular. |

The apparatus as recited in claim 29, wherein the‘radially
expandable tubular is a sandscreen. '
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and mai ntai ning substantially constant the axial |ength of the tubular.
98. The nethod as recited in claim48, wherein radially expanding further
conpri ses creating expanded openings in a wall of the tubu %g %g August
2005 99. The nethod as recited in claim12, wherein maintaialHGS'@BMpri ses
arrangi ng expandabl e cells such that radlal expansi on can occur w t hout
axi al shortening of the tubular. 100. The nethod as recited in claim12,
wherein maintaining conprises linking a pIuraIity of | ongitudi nal bars
with flexi nks 101 The, net hod a in claim

“radially e%%gndl gp%igﬁﬁ% aéa a ?Eﬁﬁwﬂﬂ?lnigza ﬁﬁ}gg%&ﬁnﬁﬁﬁfife
device for use i \ﬁﬂ IEB?E Vdthy: SOOI 5r e condui t haV|ng a

plurality of expandable cells, each V|n a, t.hick st
conpliant 1ink, mhere%?FW%ﬁﬁ cER %g J?; Vlf ﬁﬁﬂl &L8r %

Hﬁ results
when the conpliant |ink isStrahsi’¥ agrg %o w%f 8nFP%E%%§$e o8i"frdn to an
expanded position. 103. Tﬁ%déybéﬁﬁﬁﬂ 8eqeA as recited in cIa|n153

wherein the conpliant k |s rcuate. 104, %pdabhe devHﬁF as

e geometry of tﬂe ce 5uc hat
recited in claimb53, §&]% lfs eXxpand autonomously once expanded past

a transition point; and

radially expanding the expandable device past the
transition point and against a surface of
the wellbore without reaching the expanded
state.

81. The method as recited in claim 31, wherein forming compares
expanding the plurality of cells without axial shortening of
the expandable device.

82. The method as recited in claim 31, wherein forming comprises
forming the expandable device as a tubular.

83. The method as recited in claim 31, wherein forming comprises
forming the expandable device as a sandscreen.

84. The method as recited in claim 31, wherein forming comprises
forming the expandable device as a wellbore liner. .

85. The method as recited in-claim 31,  wherein selecting comprises
selecting a geometry that utilizes a combination of thick
struts coupled to thin struts.

B6. An expandable system, comprising:

a tubular member configured for use in a
wellbore, the tubular member having
longitudinal structures extending the length
of the tubular member and openings oriented
between the longitudinal structure such that
expansion of the tubular member expands the
plurality of openings without deforming the
longitudinal structures.

B7. The expandable system as recited in claim 37, wherein the
tubular member comprises a sandscreen.
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axial length of the wellbore -conduit remains substantially constant during
radi al expansion of the well bore conduit. 105. The expandabl e device as
recited in claimb53, wherein the thick strut has a thickness at | east two
tinmes greater than the thickness of the conpliant |ink. 106 UG 2005
expandabl e device as recited in claim53, wherein the wellbore conduit
-conpri ses a passageway in which a communication line is deployed. 107. The
expandabl e device as recited in claim53, wherein the wellbore conduit
conprises andscr een, nmet hod_of for g an and ondui t
corrprlsmgaees‘for 5?% s BRI B & gﬁg%il 7 SRR phaabher et | tre
and structurlng 55%65 Blngﬁﬁﬁs%ﬂ fh*4Pfeast “one undeforned

I d d hi h d
Lo Hove. tneFondh %)“ag{v‘fn %E%‘Séfae‘?%‘ﬁﬁ%rggfi‘a gié{n i ST AR OORE

state. 46 2 Augu% ds € ﬁ%P ﬁl Eﬁil 1Y, Ia|m vofturthllnks
conpri si ng det eF THH g 1‘38?3% rbt SO BA R e r S §?| c of t he condwt
wal | by sel 2 EthKﬂ%&P rgtégrgf%éh?ﬁg%te ait ol e for 1n the
|ongi t udi nal ;Ieg? LA O & TEaST oA TALD. 8Ll eq 18D nee B
rmatlo% Qur ng expag518grbfs¥ie tubular member
91. The expandable system as recited in claim 38, further
comprising a communication 1line routed aleng the tubular
member,
92. The expandable system as recited in claim 38, wherein the

tubular member <comprises a passageway in which the
communication line is received.

93. The expandable system as recited in claim 38, further
comprising a device coupled to the communication line..

94. The expandable system as recited in claim 37, further
comprising a deformable material surrounding an outer surface
of the tubular member.

95. The expandable system as recited in claim 45, wherein the
deformable material comprises an elastomer.

96. The expandable system as -recited in claim 37, wherein the
tubular member comprises a plurallty of different diameters in
its expanded state.

97. A method of utilizing a tubular within a wellbore, comprising:

radially expanding the tubular within a wellbore;
and

maintaining substantially constant the axial
length of the tubular.

98. The method as recited in claim 48, wherein radially expanding
further comprises creating expanded openings in a wall of the
tubular.
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sel ecting a thickness ratio of at least 2:1. 111. The method as recited in
claim60, wherein selecting conprises selecting a thickness ratio of at

| east 3:1. 112. The nmethod as recited in claim®60, wherein selectin
conprises selecting a thickness ratio of at |east 6:1. 112A Wt@@&lod as

recited in claim59, further conprising determning a force deflection
characteristic by selecting a cell shape. 114. The nethod as recited in

| ai m 64, rei el C r qSel gct rvaturelof the_thin,
EHHDATIS (R s Nty et o M el

expansion can occur without axial shortenlng of the tubular.

100. The method as recited in claim 12, wherein maintaining
comprises linking a plurality of longitudinal bars with

flexible links.

101. The method as recited in claim 12, wherein radially expanding
comprises expanding a sandscreen,

102. An expandable device for use in a wellbore, comprising:

a wellbore conduit having a plurality of
expandable cells, each cell having a thick
strut and a compliant link, wherein radial
expansion of the wellbore conduit results
when the compliant link is transitiocned from
a contracted position to an expanded
position.

103. The expandable device as recited in claim 53, wherein the
compliant link is arcuate.

104. The expandable device as recited in claim 53, wherein the
axial length of the wellbore conduit remains substantially
constant during radial expansion of the wellbore conduit.

105. The expandable device as recited in claim 53, wherein the
thick strut has a thickness at least two times greater than

the thickness of the compliant link.

106. The expandable device as recited in claim 53, wherein the
wellbore conduit comprises a passageway in which a
communication line is deployed.

107. The expandable device as recited in claim 53, wherein the
wellbore conduit comprises a sandscreen.

108.. A method of forming an expandable conduit, comprising:

forming a conduit wall with a plurality of
expandable cells; and

structuring each expandable cell with at least
one undeformed longitudinal section and at
least one thin strut that can be
transitioned to move the conduit wall
between a contracted state and an expanded

state
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109.

110.

111.

112,

113.

114.

2 August 2005

The method as recited in claim 5%, further comprising
determining a force deflection characteristic of the conduit
wall by selecting a thickness ratio of the at least one
undeformed 1longitudinal section to the at least one thin
strut. :

The method as recited in claim 60, wherein selecting comprises
selecting a thickness ratio of at least 2:1.

The method as recited in claim 60, wherein selecting comprises
selecting a thickness ratio of at least 3:1.

The method as recited in claim 60, wherein selecting comprises
selecting a thickness ratio of at least 6:1.

The method as recited in «c¢laim 59, further comprising
determining a force deflection characteristic by selecting a
cell shape.

The method as recited in claim 64, wherein selecting comprises
selecting a curvature of the thin strut while the conduit wall
is in the contracted state.
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