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FROM CELLS THAT MAY BE TRANSI TI ONED BETWEEN A CONTRACTED STATE SAWP
. EXPANDED STATE CROSS REFERENCE TO RELATED APPLI'CATIONS The fol
based on and clains the priority of. provisional applicationn
60/.261, 749 filed January 16, 2001l'an provi si onal .. appli‘cation

Iomnng s
unber
nunber

60/ 296, 875 filed June 8, 2001. FIELD THE- I NVENTI ON. Thi-s invention -
rel ates.generally to expandabl e-devi ces, "and part|cularly to devices

device from a. cont ARCEILOLR ¥ ?@ﬁ*%@g i e

| N\VENTION i n a vERQMCBELS, FHAT: MAYX BRJ TRANS SEFONED  BETIRE

ition of the
o OF THE -

beneficial to have CONTRACFED STATENAND AN fEXPANRED! sam-m | Patate to

an expanded. state. Such devices can conprise planar ' .nmenbers, .
menbers, . rectangul ar nmenbers. and.a variety of..

t ubul.ar

 CROSS REFERENCE PO RELATED APPLICATIONS

The follow1ng is based on and clalms the prlorlty of

provisional appllcatlon number 60/261 749 flled January

16, 2001'

and prov151onal appllcatlon number 60/296 875 flled June 8,

2001.

' FIELD OF THE INVENTION .

This invention relates-generally to expandable devi

ces, and

particularly to devices formed from one or more expandable cells -

that facilitate transition of the device from a contract

to an expanded state.

BACKGROUND OF THE INVENTION E

ed state

In a varlety of appllcatlons and env1ronments,'1t would be

benef1c1al to have a dev1ce.able ‘to tran51t10n from'a contracted.

'state to an expanded .state. Such devices can comprise p

lanar

members,.tubular members, . rectangular members and. a variety of

other conflguratlons g EXenplaryfapplications'include:medical-

appllcatlons in. whlch expandable dev1ces, such as stents

, are



ot her configurations. Exenplary applications include nmedical applications
i n. whi ch- expandabl e devices, such asstents, are 2 deployed at a desired

| ocation and then expanded. Another .exenplary application conprises the
use of expandables in the retrieval of various fluids,.e. g. oil,

from subterranean |ocations. For exanple, fluids such as oil, natural gas
and wat er are . obtai'ned from subterrarfean. geol ogic formations (a '
"reservoir") by drilling.a-wel!l that penetrates the fiuid-bearing

formation Once, a wel | _bore beep drilled to'a certain.depth, the
bor ehol e SERYOYEhAtaP fepire piBF"E‘Eﬂ“”POﬂ SheR TRAgee. ADothed t he

drilling" and use of a wel | bore, varijious tubular nenbers, such as liners,
casi ngs, TR ATYeROPleFRtIgRCARBrbSRY thE (4R thexXmandsbles Var kbes
met hods have been devel oped for radially expanding tubulars by, for
i nst ance FYHIGURG F FRFAAYFORLIWAASY cf- Q#wQﬁkﬂ1fﬁ@ﬁaiQhﬁﬂnaﬂnﬁenplastlcalIy
deformthe tubular in a radially outward direction. Such an approach,
however, ¥ERHY®$-a | arge anmount of force to achieve the desired
expansion The nedical industry, oil industry and'a variety of other
For example, fluids Such as'oil, natural-gas”and'water are'.
obtained from subterranean _geologic formatlons (a “reserv01r )
by drilling a° well that penetrates the fluld—bearlng formatlon
Once a wellbore has been drllled to a'certain,depth, the
borehole wall typically'is supported'to prevent.collapee..
During the drilling'and use of a Wellbore, various tubular
members, such-as-liners,;casings;'eandscreens,;etc. are deployed'

within the wellbore.

Varlous methods have been developed for.radlally expandlng
tubulars by, for 1nstance, pulllng an expan31on mandrel through
the tubular to plastlcally deform the tubular in a radially
outward-direCtion. Such an approach however, reQulree~a'large.

amount of force to achleve the deSLIGd expan51on

The medical industry, oil industry and a variety_of other
industries utilize'certain'typesfof.expandables or would benefit

from the use of expandables in numerous appliCations.- However, - -



I ndustries utilize certain types.of.expandables or would benefit .fromthe
use of expandabl es in numerous applications . However, 3 there are very
few exi sting devices that. are readily expandable at a desired |ocation.
O the devices that do exist, substantial forces are required to create
the expansion.. Also, substantial plastic deformation often occurs which-
can limt the selection of available materials for a given expandabl e
device. The present .invention is directed to overcom ng, or at |east
reducing,,the effects of one or nore, of, the problens set forth above.
SUMVARY GPSFEERFRVEREY ORPThE 1T B 1A HhRaT iRt &rs eaginyr sxpyndaple
expandabl e devi ces that nmy be used, for exanple, in subterranean
envi ronnéht & 9PR1IERE LAGBEFARNt F EhHR deKiSRS shatt He exiphndabl e devi ce
conprises one or nore expandable cells that facilitate expansion of the
devi ce. BybR&FNsLaéxAAPFES-are ¥emuirad ey areater vb¢ wkpAnaiphur ahlsy, of
expandabl e cells that facilitate radial expansion of the device, froma
col | apsegubstapsnal apledtic adef oomaii wx peitced osicatre. wAichr bahylbhicethe
types and cell designs may be utilized depending on the application

_ selection of available materials for a given expandable device.

The present .invention is directed to overcoming, or at least
reducing, the effects of one or more of the problems set forth

above.

SUMMARY OF THE INVENTION

The present invention reladtes Qenerally to.expandéble _
devices that may bé usea, for.eXample,.iﬁ subterranean |
environments. In one embodiment of_the'invehtion,lfhe
expandable device comprises one 6r ﬁoré expanaable.celis_that
facilitate expansion'of the devicéﬁ By way of é%aﬁple,-a.
tubular may be formed with a plurality'éf éxﬁandable cells fhat
facilitate radial'expénsion'of the device.from a collapsed or
contracted state to an eXpanded'staté; A.variéty of céll tjpes
and cell designs may be utilized dependiﬁg on the'appiiéation.

and desired parametets of the expandable device.



and -desired paraneters of the expandabl e device. 4 BRIEF DESCRI PTI ON OF
THE DRAW NGS The invention will hereafter be described with reference to
t he acconpanyi ng draw ngs, wherein like reference nunerals denote |ike

el ements, and: Figures 1A and 1B are illustrations of the forces inposed
to make a bistable structure; Figure A and 2B show force-defl ection curves
of two bistable structures; Figures 3A - 3F illustrate expanded and

col | apsed states of ~three bistable cells with various thickness rati os;
Fi gures 4A and 4B iIIustﬁﬁ&ﬁbebégégfﬁﬁgafﬁﬁﬁggggégééigégﬁr. inits expanded
and col | apsed states; Fi _ abl e expandabl e
tubular in cqllapsed and ex ed states.within a | | bore; Eigures 5A and
5B il ustrat eggﬁ g?ﬁgﬂﬁ%\%’f‘ew ] e 8@&0&#\@% ngév*r'eé? 8OCEi Ffur es
6A and 6B illustrate a neghanjcal pﬁfken t%pi.of depl oynent. devi ce; .

the accompanying drawings, wherein like reference numerals

denote like elements, and:

Figures 1A and 1B are illustrations of the forces imposed

to make a bistable structure;

Figure 2A and 2B show force-deflection curves of two

bistable structures;

Figures 3A - 3F illustrate expanded and cbllapsed states of

three bistable cells with variqus'thickness ratios;

Figures 4A and 4B illustrate a bistable expandable tubular

in its expanded and collapsed states;

Figures 4C and 4D illustrate a'bistable;éxpandable tubular

in collapsed and expanded states within a wellbore;

Figures 5A and 5B illustrate an expandéble.paCkef'type'of

deployment device;



Figures 7A 7D illustrate an expandabl e swage.. type of depl oynent devi ce;
Figures BA - 8D |IIustrate a piston type of deploynent devi ce; Figures 9A
and 9B illustrate a plug 'type of deploynent device; Figures 10A and 10B
illustrate a ball type of deploynment device; Figure 11 is -a schematic of a

wel | bore utilizing an expandabl.e bgstable tubular; . Figure .12 illustrates
a notor driven radial. roller deploynent device; 6 .Figure 13 illustrates
a hydraulically driven radial roller deploynent device Figure 14 is a
cross sectiongl _yi Q& egRogi h resen

i nvention; Flgﬁg %%l?é a crogg g&?ﬁ?&ﬁgﬁ v%%&?o ano er e gdl%@ﬁ? °f

t he pack p. invention; Figure 16 is a side elevation VIeM/Of
~an enbod?%gg%yéggf &géﬁgésent invention in a contracted state

Figures 7a 1— D ‘illustrate an expahdable swage type - of

deployment device;

'Figures' 8A - 8D illustrate .a 'piéton typé of 'depleyment'

device;

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

device;

Figures 10A and 10B illustrate a ball type-of deplbyment

device;

Figure 11 is a schematic ~of a _wéllbore utilizing an

expandable bistable tubular;

Figure 12 illustfates.'a. motor driven radial. roller

deployment device;



Figure 17 is a side elevation view of an enbodi nent of the present
invention in an expanded state; Figures.18A-C are schematic views of an
al'ternative enbodinent of the present invention; Figure 19 is a
perspective view of an alternative enbodinent of the present invention; 7
Figure 20 is a schematic view of an.alternative enbodi nent of-the. present
invention; Figure 21 is a schematic view of an alternative enbodi ment of
the present invention; Figures 22A-B are' partial side elevational. view of

an_ embodi MeNie; gy bhq 3P/l daUBN Ol drhd IR0 0L, Aty O PADERL,

positions respeCtively; Figures 23A-B are parti I onal - vi éws™ of

an enbody ) t sent invention in the contracted and expanded
positiongkggg%g%%fvgﬁygégfgures 24A-B are side el evational view of .an

alternate -enbodiment of an .expandabl e cell inits contfacted and expanded
positions, respectively; 8. : ' : . : I

Figure 14 is a cross sectional view of one embodiment of

the packer of the present invention;

Figure 15 is a cross sectional view of another embodiment

of the packer of the'preSent invention;

Figure 16 is a side elevation view of an embodiment of the

present invention in a contracted state;

Figure 17 is a_side-eléVation vieW'of'aniémbodiﬁent of the

present invention in an expanded state;

Figures .18A-C are schematic views of an alternative -

embodiment of the present invention;

Figure 19 1is .a perspective view of ‘an ‘alternative

embodiment of the present invention; -



Fi gures 25A-B are side elevationalviews of a cell simlar to that,

illustrated in Figures 24A-B deployed in its contracted and expanded

positions, respectively; Figures 26A-Billustrate another enbodi nent of
expandabl e cells displayed in their contracted and expanded positions,

respectively; Figures 27A-B |Ilustrate anot her enbodi nent of expandabl e
cells displayed in their contracted’and expanded positions, .respectively;
Figures 28A-B illustrate another enmbodi ment of expandable cells dlsplayed

in their contracted and expanded positions, respectively; Fi gures 29A-B
illustrate another enbodi nent of expandable cells ‘displayed in their
contracted and expanded positions, -respectlvely 9 Figures 30A-B

illustrate anetBareenpodismRNts et X RANIARE. aﬁeAttékﬁatw@deﬂnﬂoamenc
its' contracted..and expanded position, respectively; Figures 31A-C .

i 11ustratg aneebleWihh eggégyléﬁorage nenbers moving froma contracted
state to an expanded state; _ _ : _

Figure 21 is a schematic view of an alternative embodiment

of the present invention;

Figures 22A-B are partial side elevational view of .an
embodiment of the present invention in the contracted and

expanded positions respectively;

Figures 23A-B are partial side elevational views of an
embodiment of the present invention in the contracted and

expanded'positions respeCtively{

Figures 24A-B are side elevational views of an alternate
'embodiment_of an expandable cell in its contracted and expanded

positions, respectively;



Figures 32A-32B illustrate another enbodiment of the cell illustrated in
Figures 31A-C in a contracted position and expanded position,

respecti-vely; Figure 33 illustrates another exenplary expandabl e cell
design; Figure 34 illustrates another exenplary expandable cell design;.
Figures 35A-D illustrate an exenplary | ocking nechani sm noving through
various stages froma closed positi@n to an open, |ocked position; 10
Figures 36A-D illustrate another enbodi nent of the I ocking -nechani sm of

Fi gure .35; Figure 37 illustrates, alocking: mechani smconbined with an :
.expandabl e ceFLauregud erA38ate i sidpelavatdeonalp yiens efcel cetdnbimethmi th a

-1 ocking mechanismin a-collapsed and expanded position, respectively; -
Fi gure 3%0i thast idlestuated pumddidures d4A-B depdoyederin énbodonenhciodd a
| ocki:ng nmechani sm Figures 40A-B illustrate an individual expandable cel
and and expanded positions, respectively; ' '

Figures 26A-B-illustrate another embodiment. of expandablé
cells displayed in their contracted and éxpanded pOSitions,

respecﬁiﬁely;

Figures 27A-B illustrate another embodiment of expandable
éells displayed in their contracted and expanded positions,

respectively;

Figures 28A-B illustrate another embodiment of expandable
cells displayed in their cqntractéa and expanded ﬁositions;

respectively;

Figures 29A-B illustrate another embodiment of expandable
cells displayed in their contracted and expanded positions,

respectively; .



a plurality of expandable cells, respectively, conbined with corresponding
‘I ocking nechanisns; .. Figures 41A-B illustrate another enbodi nent of -
conbi ned expandable cells and | ocki ng mechani snms in collapsed and
expanded positions, respectively; and 11 Figure 42 is a schematic
representation of the conbination oF expandabl e cell's having differing

si zes and configurations in a single expandabl e device. \Wile the
invention is suscepti-ble.to various nodifications and alternative forns,

specific enbo@h pbs BhHRLBO fe gpl e in the’
g8 ilﬁ@yéréﬁé”hn If%ﬁhggﬁd be

-drawt ngs and are herein -described- .in deta|I understood

‘however, eBcBﬁthB@e esgﬁ[ﬁggg g%Q&rfﬁ gﬁa .i4S - not

intended {0 lTmt th nto the partl 8Sed but on

“the cont&ﬁgxtlbge kg%ﬁﬁghgge%?nto cover all. nodlflcatlons eqU|vaIents

and alternatlves fa the spirit and. scope of the i nvention as -
defined by the appended cl ai ns: DETAI LED DESCRI PTI ON OF EXEMPLARY

EMBODI MENTS The fol | owi'ng descri bes a vari ety of expandabl e devices that
utilize expandabl e cells to facilitate expansion of the _ '

Figures 31A-C illustrate a cell ‘with energy storage members

moving from a contracted state to an expanded state;

Flgures 32A—32B illustrate another embodlment of the cell
_111ustrated in Flgures 31A-C in a contracted pos1tlon and

expanded position, respectlvely;

Figure 33 illustrates another exemplary expahdable cell

design;

Figure 34 illustrates another ekemplary expandable cell

design;

Flgures 35A D 111ustrate an exemplary 1ock1ng mechanlsm
_ mov1ng through various stages from a closed p051tlon to an open,

locked p081t10n;



device froma contracted state to. an expanded state. Various expansion
“techni ques, expandabl e cell designs, and | ocking nechanisms are described,
and typically the description is related to one or nore exenplary
applications. For exanple, the <cells are described for use in tubular
conmponents, such as .12 tubulars Y ed -in the oil production industry.
However, this application is only™an exenplary application to denonstrate
t he appllcablllty of the various cells and | ocking nechanlsns descr.i bed

herein The desglipdi m%gg]l% E;%tgeaﬁ%ﬁg usﬂbsa e 4 Whd Mooy in

‘appl ication expand evices to the |cu ar” envi ronfrent’s -or -
applicat#gggagféﬁréfm¥£g Rat her the. technlques for: fornulatlng
expandabl e "devi ces can mnde range of, applications in other

envi ronnents and |ndustr|es. As descri bed belom1 exenpl ary . expandabl e
devices may or may not conprise bistabl-e cells. Wether bistable or not,
the expandable cells facilitate expansion of a given devicé between a

S?SEESS? el Bt ket B degf%?éaﬁ%ﬁngyﬁsa%#%%& ok i Saﬁ{oends

on a varletgngab{actg{f i-ncl udi ng.

' Figure 38A B 111ustrate an expandable cell comblned w1th a
1ock1ng mechanlsm in a collapsed and expanded p051t10n,

respectively;

'Figure 39 illustrates'an'expandeble_cell with another

embodiment of a locking mechanism;

Figures 40A¥B illustfate an-individualfexpandable.éeli and

a plurality qf'expandable'cells, respectively, combined with =

corresponding locking mechanisms;

Figures 41A-B illustrate another embodiment of combined
expandable cells and locking mechaniems-in éollapsed and

expanded positions, respectively; and



envi ronment, degree of expansion, materials available, etc. Bistable

devi ces used in the present invention can take. advantage of a principle
ilI'lustfated 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 it
begins to deform as shown in Figurg 1B. As the axial force is increased
rod 10 13 wultimately reaches its Euler buckling limt and deflects to one
of the two stable positions shown as 14 and 15. If the buckled rod is. now .

cl anped in thg; I 't'éﬂgﬂ? .£.0 t.right angles to the lang axis
can cause t heg%ggf%o@rm%%t oé ert %rlcp%(é.gf%eé%gg{'%npggi__ |%n§°’@bﬂn§t&°%d '

through 85 sRratBls TG 1F haind TR res i Enr cit e Ertions dmabl o
syst ens are.chiracteri a .force deflection curve such as those shown

i n Fi gur 8s52A%aRdS2R" ARy applied force 16 causes the rod 10 of

Fig. 1B to nove in the - direction X and reaches a -maxi mum 18 at the onset
of shifting fromone stable configuration to the other. Further deflection
requires | ess force because the systemnow has .a negative spring rate and

when the force bfcones zero the deflection to the . : -
-~ While the invention is susceptible to various modifications

. and alternative forms,lsﬁe&ific.emﬁodimenté"ﬁheréof hévé been
shown by way of example in theldrawingé and are herein descriﬁed
in detail. It.shouid be.underétood, however,”that'the
description herein of specific embédiments is not iﬁtended to
limit the in&éntion_to the particular forﬁs diécioéed, but - on
the contrary, the intention is.to coﬁer all modification;,

eguivalents, and alternatives falling within the spirit and.

scope of the'invention as defined by the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Thé followihg describes a varietf of éxpandable-deVices
tﬁat utilize expandéble'celis to facilitafe éxpansiqn of thé
device from a contracted state'fo.an exﬁanded'étate.._various
expansion techniqﬁeé} expandablefégll.designs,:and:iocking_
mechani;ms afe-describéd, aﬁd typically the'déséription is
rel;téd-to oné.or mbremé#éméiary.aﬁbliéaﬁioﬁé.f.Fér-eﬁéﬁbié;.ﬁhe:

cells are described for use in tubular componernits, such as



second stable position is spontaneous. The force deflection curve for this

exanpl e, is symmetrical and is illustrated in Figure 2A. By introducing
either a precurvature to the rod or an asynnetrlc cross section the force
defl ection curve can be made asymetric as shown in Figure 2B. In this

systemthe force 19 required to caugg the rod to-assunme- one stable
position is greater than the force required to 14 cause the reverse.
deflection. The force 20 nust be greater than =zero for the systemto have
bi stabl e characteristics. Bistable structures, sometimes referred to as .
toggl e’ tubwilass, uaadeinede uzibd Brodunthisn: ynﬁ@stgueh Hevevesx, athis exi bl e
di scs, over center clanps, hold-down devices and quick rel ease systens for
tension eablésatsashiasonhy sat [dompldngyiapplibationaye) denogstratefthsi ng
the rigid supports as shown in-Figures 1A and 1B, a cell .can be
construcepgplikebélihy ofsthaivdarisus maijdaahdb)lockmmgdmetthSSmsnnect ed at
each end as shown in Figures 3A - 3F. If both struts 21 and 22 have the
sane thidekeesbedshehein. |rmﬁégnﬁsﬁrib%ummjs&BulﬁhﬁoEobaecdﬂéte@édCHs curve
is linear and the cell |engthens when conpressed fromits

limiting the application of such expandable devices to the

particular environments or applications described herein.

Rather the techniques for formulating expandable devices can

have a wide range of applications in other environments and

industries.

As described below, e#emplaryIexpandéble_devices may or may
not comprise bistabie.ceils; Whether-bistable or.not, the
expandable éeils faci1itate:expaﬁsidn of.a_éiven aevicé bétwéen"
a cqntracted s#éte and an éXpanéed state for a vériety of
'operations or érocedures; The selection of a particuiar.tQpe.of
expandable cell depends on a varlety of factors lncludlng

env1ronment, degree of expan51on, materlals avallable, etc.

Bisfable deﬁicés used.in_the.pfeseﬁt inﬁeﬁtion caﬁ t§ke
advantage of é ﬁrindiple:illusﬁrated i# Figures 1A.and 1B.
Figure 1A_sh9ws aqud 1d;£ixedlat'éachleg§ ;o rigid suppbr;s'lz.
If tﬁe rod 10 is subiecﬁed to'an axial force‘iﬁjbégihs to'deféfm

as shown in Figure 1B. As the axial force is increased rod 10



open position Figure 3B to its closed position Figure 3A. If the cell
struts ,have different thicknesses, as shown in Figures 3C - 3F, the cel

has the force deflection characteristics shown in Figure 2B, and does not
change in length when it noves between its two stable positions. An
expandabl e bi stabl e tubular can tHHS be designed so that as the radial

di rensi on expands, the axial |ength remains constant. In one exanple, ' if
‘the thickness ratio is over approximately 2:1, the heavier strut 15 '
resi sts |longitudi nal changes. By._ch ing.the ratio o hi.ck- to-thin strut
0l mens, OHeE SRS Lyp GivRBeEnd LB BUMAE POFRLLIEahk: iR catsn aahfl o,
Figures 3C and 3D illustrated a thickness ratio of approximately 3:1., a
Fi gur es S El B iStalder 2esisionsi eERAWRsaF atd AR bppr o5 rdteBpickled an
expandabl e bore bistable tubul ar, such as casing, a. tube, a patch, or

pi pe, carrde o lemeedniinh thesburkieds Posi bioind & fRyes At stisfite ,
connected cells 23 as shown in Figures .4A and 4B, where each thin strut:
21 is commgldecd cle thongk axdisr gan2gauFhethempd Ul medve | texiddithiery off such
a tubul ar can be nodified by changing the length of the cells and by
connect i tige smile usiftioslsl Huni th accohpér apesitidn . Fiherhahe tivsl fisr ce

nd -

subjected to a lateral force it must move through an.angle ®

before deflecting to its new stable position.

Bistable_systéms are characterized by é force defledtion
éurve such as those shown in Figures 2A'aﬁd ZB;_ The externally
applied forcé 16 causes the-rod 10 of fig. 1B to move in the
direction X and réaches a makimum 18 at the onset of shifting
from one stable configuration Eo the.other.'quther_deflection
requires less force because the éystem now.has a negative spripg
rate and when the fofce becomes zero_tﬁe deflectibn to Ehe

second stable position is spontaneous.

The forée deflection curve for this ekémple is symmetrical
and is illustfated'in Figure 2A. "By introduciﬁg either a
precurvature to.ghe'rod or an asymmetric croés section the fotce
deflection curve can.be'mAde asymhetriq as shéwp.in.Figq%§.23.
In this system the force 19 required td cause the rod to.assuﬁe

one stable position is greater than the force 20 required to



defl ection characteristics and the | ongi tudinal flexibility.can also be’

'alpered by the design of the cell shape. Figure 4A illustrates an
expandabl e bistable tubular 24 in its expanded configuration while. Figure
4B illustrates the expandable bistable tubular 24 in its contracted or

col | apsed . configuration. Wthin thi4 application the term"collapsed" is
used to identify the configuration of the bistable el enment or device in
the stable state with the smal | est di aneter, i s not neant to inply t hat

t he el enent or devi ce LN e

bi st abl gg Ita{}e versre ea%ﬁ%%%éoni' ﬁ?%{%gg%%de é]?onqgsv\e %greaq-f %th
|IIustrated [ ure 4 0 a t he - blstable tubular 24 at a
tes! o R o CHE Sy VBT RaGeSREERbE ARSI T EE T
The geonetry of the blstable ceIIs i s such that the tubular cross-section
can be expanded in the radial direction to increase the overall dianeter
of the tubular, ‘As the tubular expands radially, the bistable cells deform
elastically LP&#WaQ%esﬁiﬁﬂcﬁﬂ€e§eoﬁﬁﬁﬁﬁlwgsrE%E%EEFdAEOt?ﬁ5¥%ﬂﬂ%ﬁ t he

bi stable cells nove, e.g. snap, to a final expanded_geonetry. Wth sone
mat eri al SeEREPDr BAYS dsen dsed dé‘s PQﬁEStéﬁo@% @h‘é@ﬁe‘@éﬁsoés flexible

dlscs,-over center clamps, hold-down devices and qulck-release
systems for tension cables (such as in sailboat rigging

backstays) .

Insﬁead,of.usiﬁg the rigid éuppbfts as shown-in Figures 1A
énd 1B, a cell can be constructed where the restraint is
provided by curved struts'connected at each end as shown in
.Figures.3A - 3F. If both struts 21 and 22 have the same
thickness as shown in Figures 3A and 3B, the foice defiection
curve ig.linear and the celi 1engthéns’when cdmpréssed f?om its
open position.figure 3B to'its'closed positiqﬁ Figure 3A. If
the cell strﬁﬁé have diffefent-thicknesées, as'shown in.figures
3C - 3F, the.cell has the fgrce aéfléction éharactefistics shown -
.in Figﬁre ZB,.and does not change in length when it mo#es
between its two stéble positions. An expandable bistable tubu1ar
can thgs bg designed so.tﬁét as.the radial dimensiQn gxpands,
the axial length remains constant. In one example,'if'the |

thickness ratio is over approximately 2:1, the heavier strut



~released in the elastic deformation of the cell (as each bistable cell .
snaps past the specific geonetry) that the expanding cells are able to
initiate the expansion of adjoining bistable cells past the critical

bi stabl e cell geonetry. Depending.on the deflection curves, a portion or
even an entire length of.bistablelgxpandable t ubul ar can be expanded from
a single point. In like manner if "radial conpressive forces are exerted on

an expanded bistable tubular, it contracts radially and the bistable cells

deformelastically until a critical geonetry is- reached., At this point the
bi st abl eXE8LFES shepettding i ghapgese o PYpSBANILRECHR er2 1P 19 FRASFt he
expansion of the bistable tubular _is reversible and repeatable. Therefore
the bi st &BrEhip sbra ddremtiops.c f[gHPeeRsBE #RGt C125k0d ER1GRY Ca¥h Bfged
bet ween the expanded state as shown in _Figure 4A and the collapsed state
as shownchangegur eFaB. exarrly dUlgunesedCstafelPaslivs Hated aghigkaess
-bi stabl e expandabl e tubular is easily. inserted into the wetlbore and
pl aced i mabipoeft approximggslay fedt, dovi FaghreshdB ar@d3F oll ustinpte a
t he-configuration fromthe collapsed.state to the o : ' '

- thickness ratio of approximately 6:1. ' o

o An expandablé.bore bistéble tubular,'sucﬁ'as Casiﬂg, a
Fube,.a pa;ch, of.pipe; can be constructed with a seriés of
circumferential bistablé conneéted_celis 23 as_showﬁ in Eigures‘
_4A and 4B, where”éaéh thin strut 21 ié coﬁnected to a ﬁhick
stfut 22Q'Thé longitudinal flexibility-of such a tubﬁlar can be
modified by changing the 1ength of the ceils and by conﬁecting
each row of cells with a compliantllink. Furﬁhef, the force
deflection-characteristics'and the iongitudinél flexibility:dan
also be altered by the design of the cell shape. _Figﬁre.4A
illustrates an expandable bis;éble ﬁubular'24 in its-expanded
configuration while.Figuré 4B illustrates'the'eprndable
bistable tubular 24 in iEs contracted or collapsed
configuratiqn. Within.ﬁﬂis application:the ﬁerm_“coliapsed" is
used to identify the cbnfiguratidn of the'bistable element or
dévice in the stable state with the.smallést diameter,.it.is not
ﬁeant to imbiy that the element of devicg is damagéd ih any waf.

In the goilapsed state, bistable tubular 24 is readily



expanded state. In the expanded state, as in Figure 4A, design control of.
the elastic material properties of each bistable cell can be -such that a
constant radial force can be applied by the tubular wall to.the
constraining welibore surface. The material properties and the geonetric
shape of the bistable cells can be ;gesigned.to give certain desired
results. One exanple of designing for certain desired results is an
-expandabl e bistable tubul.ar string with nore than one dianeter - throughout
~the length_of

he -thg string. T. 'szga e %§eaﬂl'kna bqr ehol es mﬁt£3varying
di anret or SSCRRGERER HREP RatF LIRSy 0Po 4 1 1Hs AP BRUFE BIOWDI doned
occurrencges such as fornation washouts. or keyseats wi thi'n the borehole.
Thi s al syp{?ﬁnpiécﬁ’@ﬁ’é?’i Q% gfhe \/Wéﬁ-ai% q.é"“g’é@ialreiit Bthaveealped tYehiRaTre ne
bi st abl e_expandabl e device |ocated inside a cased section of the well
whi | e andPReFioBer tFohs | expandgdd a5 ddustcased dBcFignref4Phe well. Figure
11 illustrates one exanple of this condition. A wellbore. 40 is drilled
fromthe surface 42 and conprises a cased.section.44 and an openhole
section 46. An expandabl e bi st abl e device. 48 having segnents.50, 52 with
various di aneTbesgesmetayedf i the [wisteldle cells is such that the tubular
cross-section can be expanded in the radial direction to
increase the overall diameter of the tubular. Aas the tubulér
expands radially, the bistable cells deform elasticaily until a
specifid geometry:ié reached. At this point the bistable cells
move, e.g. snap, to a final expanded geometry. With some
matetials ana/or bistable cell desigﬁs,-enough'energy can be
released in the elastic deformation of the celi_(as'each.
.bistable céllssnaps past the speciﬁic geometr?) that the
expanding celis are able to initiate ﬁhe expansion'of-adjoiﬁing
bistable cells past.the critical bistable cell geometry;
Depending on the déflection curves, a porﬁion or even an entire

length of_bistablé'expandable Eubglaf can be expandedlfrom.a

gsingle point.

In like manner if radial compressive forces are'exerted on
an expanded bistable tubular, it contracts radially and the
bistable cells deform elastically until a criﬁical.geometry is

reached. At this point the bistable cells snap to a final



The segnent with a larger dianmeter 50 is used to stabilize the
openhol.e-section 46 of the well, while the segment having a reduced
diameter 52 is located inside the cased section 44 of the well. Bistable
col l'ars or connectors 24A (see Figure 4C) can be designed to allow
sections of the bistable expandabl g4tubular to be joined together into a
string of useful lengths using the sane principle as illustrated in Firgure
4A and 4B. This bistable connector 24A al so incorporates-a bistable cell .

design that allows it to expand radially using the sa chani sm as. for
the bi stV @PSESaREEBFEUESbul &7 %d'n’@ﬁt":h%?é%anélfn g&st@ﬁl Blsbrniat or s
have a dianeter slightly |arger than the . expandabl e tubul ar sections that
are bei fgywiareds TR¥esBibipl andorepepiaiRler Thanedens ddedbdssabife ends
of the two sections and nechanically attached to the:-expandabl e tubul ar
sect i onstubulischaanc be. af zsueable teeh tRakcreweladtisedyochpaged can be
used to. connect the connector to the tubul ar sections. The bistable
connect drettwasc ditey expaddefgabdte oahaskown X Fimine 4faead ithe s .
conpati ble with the expandabl e tubul ar sections, so-that it continues to
connect <¢didapaed ethicenasathewnt e Biparei4h. of t he. :

In the'collaﬁsed state, as'in-Figur¢'4B; the bistable
expandable tubular.is-easily.ipserted iﬁto:thé.weilbore.and
placed into position. A deployment device_is théﬁ ﬁsed_to'
change the'configﬁration froﬁ the collapsed étaﬁe to thé

expanded state.

In the_expanded state, aslih.Figuré 4A; design cdnﬁrol~of 
the elaétié matefial pxopertiés of - each bistable.cell'can be
such that a constant radiéljforce can be applied b& the tubulaf
wall tojthé constraining wellbofe-surfaéeﬂ .The material
properties and the geometrié shape.of the bistable célls can be

designed to give ¢ertain désired results.

One example Of-designing'fbr certain desired results is an
expandable bistable tubular.string with more than one diameter
'throughout the length of the string. This can be useful in

boreholes with varying diameters, whether designed that way or



two segnents and the connector. Alternatively, the bistable 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
mechani cally fastened as di scussed: above. Anot her enbodi nrent would involve
the machining of the ends of the tyRular sections on either their inner or
outer surfaces to forman annular “recess in which the connector is

| ocated. A connector designed to fit into the recess is placed in the
recess. The connector n be'nechanicalryigt ached to thﬁaﬁ ds as

i ldt
ecer T et ALY P nrelagp el fcOtrARIcer Thiha TR PARPaRRE  y oo

connection with the tubul ar_sections. A conveyance device_ 31 transports the
bi st abl ePBXFRANS WitHEH SPe BREERSLENd DrLT 1P Gh&d fadstitdathe
wei |l bore and to 20 the correct position., (See Figures 4C and 4D). The

conveyanéeen didyiice daRired tPzBaBRe2oPORBIER Rt HAT s taRle sxopbdePifie

cabl e, coiled.tubing, coiled tubing with.wireline conductor, drill pipe,
tubi ng ofeeies pcakadejngyifent daespéesestiem de thr orgldr athdde mroshere
overall assenbly to expand.the bistabl e expandabl e. tubul ar and

-portion is located in an uncased section of the well. Figure 11
illustratés'éﬂe example of this condition. A wellbore 40 is
drilled ffom the surface 42 and comprises a caéed_section 44 énd
an openhole sectién 46. An expandable bistable device 48 having
segments 50, 52 with various diémeters is-élaced in the well.
The segment Qith é larger diamete; 50 is used to stabilize the
openhole-section 46 of the wé11, while the segment having_a
reduced‘diaﬁeter 52 is_loééted'inside the'caéed-section A4 of

the well.

Bistable collars or connectors 24A (see Figure 4C).can be
designea té allow sectioné of the biStable expéndable tubular to
Be joined together.into a String of ﬁseful iengths using the
same principle as illustrated in'Figure 47 and 4B. This
bistable connector 24A élsg incorporates a bistable cell design
that allows it to expand radially using the same-mechaﬁism as
for the bistable eXpandable.tubu;a; component. 'Exemplary
bisﬁable connectors have.a diameter slightly laxgef than the

expandable tubular sections that are being.joined; The bistable



connectors. (See Figures 4C and 4D). Depl oynent devices. can be of nunmerous
types such as an inflatable packer element, a nmechanical packer elenent,
an expandabl e swage, -a pi ston apparatus, a mechanical actuator,-an

el ectrical solenoid, a plug type apparatus, e.g. a conically shaped device
pull ed or pushed through the tubi a ball type apparatus or a

rotary. type expander as further di'scussed bel ow. An.inflatable packer

el ement :is shown in Flgures SA and 5B and is a device w th an inflatable

bl adder, el enent, .or bello i,NCOr po ted nto t i stabl e.expan ble-

t ubul ar.%‘ifg}eéiﬁ%tltsoﬁ?‘ ggﬁ?gefﬂﬁa F‘ﬁ |?ff él?‘?b? cf%]f—mp ?ga

I nfl atabl e . packer el enen 5is ocated de_t.he entlr | en

por t i on,MARAHER Y Bt gﬁ apSefie s?ﬁ?@n%ggi%b?%PY%ﬂﬁniﬁ(iifnﬁﬁ any

bi st abl e expandabl e connectors (not shown.). Once the bi st abl e_ex andable-
tubul ar ¥sehamiqal fasteaczsr PEch 88pFEYRERL DAVeHR K Pane G heabFes

packer elenment 25 is expanded radially by unping fluid into the device as
shown i nt&i genmedB. thEhaonnectari 60 thai §u}é1a£aiée5%‘ﬁ3p@éﬁf r Sthe i sabigee. .

"through tubing or drill pipe, a mechanical punp, or via a downhol e

eIectr|ca¢nmmmmbrvﬂypﬂcakiypomedealwnadmboehawe @@b¢¥pan$#qnu¥abﬁlt@ﬁ&ble
packer

is compat:.ble with the expandable tubular sections, so that it
continues to connect the two sections after the expansion of the

two segments and the connector.

Altérnatively, the bistabie cénnector éan have_a diéméter
smaller than the two expandable.tubular sectioris jéined. Then,
the connector is inserted inside.of the ends of the tubulars and
mechanically fastened as discussed:above. Another embodiment
would involve the machining of thetends of the tubular sections
on either their ipner or outgr'surﬁaces.to form an.énnulér
recess in which the cbnnectdr.is lécated. A §6nnector desigﬁed
to fit iﬁto the recess is placed in the récess. The'dqnnector
would then be mechanically attached to the ends as described
above. In this way the connector forms a relatively flush-type

connection with the tubular sections.

A conveyance device 31 transpérts the bistable expandable

tubular lengths and bistable connectors into the wellbore and to



el ement 25 expands, it forces the bistable expandable tubular 24 to also
expand radially. At a certain expansion dianeter, the inflatable packer
el ement causes the bistable cells in the tubular to reach a critical |
geometry where the bistable "snap" effect is initiated, and the bistable
expandabl e tubul ar' system expands 20 its final - dlaneter Finally the

I nfl at abl e packer .elenent 25-is deflated and renoved fromthe depl oyed
bi st abl e expandable t ubul ar 24. 'A mechani cal packer el enent is shown in-

' nd d I I h
xpanas PR, a?R;eB%Z‘%O%J‘o%pc?%sEZ % B SEORRCHBT o g SRR |

conpress .t he el enent OV|ded thro essi on chani sm 27,
Such as 993&?@@%0%% 7 Qi O Mare ARGTAT B PREBraS TRES AECHaNT cal
packer el epent de s the bi st abl e expandable t ybul ars and_connectors in
the sane ﬁggeaSCO %% i it Hi | PRk S PRt FRES YIRS Felfec i Bst i ¢

el ement 26. _applies an outward radial force to the inner circunference of
22 the BritabPerexphWely X HARiAI% and -connectors, allowing. them in
turn to expand froma contracted p03|t|on (see Flgure 6A) to a final

depl oynment dlaneter (see Figure 6B)..

A deployment_dev1ce 33 can bé incorporated_into the o&efall
assembly to expand the bistéble ekpandéblé_tubular and. -
connectors.  (See-Figﬁrés 4c andlin).  Deployment devices can bé
of numerous types sﬁch as an inflétéble packer element, a
medhanicél packer éiement, an expéndable swage, a piéton
apparatus, a mechanical actuator,:an electriéal soienoid,.a plug
type apparatus, e.g. a conicaliy shaped devicé pulled or.pﬁshed
tﬁrough the tﬁﬁihg, a ball type aﬁpa:aﬁus_or a rotary_tyﬁe

expander as further discussed below.

An inflatabie packer element is Shown in Figures SA and 5B
and is a device with an inflatab;é bladder, element, or bellows
incorporated intO'ﬁhe bistable.exﬁandable tubular_system bottom
hole assembly. In the illusﬁrétion of Figure'SA,_the inflatablé
packer element 25 is locéted inéide the eﬁtiré-length, or a
portion, of the,initial céllapsedgstate bistable.ﬁﬁbular 24 and
any bistable expandable connectors (not’ shown) . .Once'the

bistable expandablé tubular system is at the correct deployment



An expandabl e swage is shown in Figures 7A - 7D and conprises a series of
fingers 28 that are arranged radially around a conical mandrel 30. Figures
7A and 7C show side and top views respectively. Wen the mandrel 30 is -
pushed or pulled through the fingers 28 they expand radially outwards, as
illustrated in Figures 7B and 7D. expandabl e swage.is used in the same.
manner as.a mechani cal packer elemént to deploy a bistable expandabl e

t ubul ar and connector. A piston type apparatus-is Shown i-n Figures 8A - 8D

0o okl s dnfaRs ke BrEREr TN M Rl R VeI e or

When ‘enerqgi zed, - _.the, pi.stons 32 apply. a r.adiall direct farce to depl oy
t he bi stB{HRMTE & uﬁf}ﬁaaevggge?ﬁ)l SR ple% RS Pt a_gdli"ee packer

el ement. ;Figures BA gnd 8C illustrate the pistons retracted whil.e Figures
8B and stk on rfel‘ﬁidsF&ﬁ‘sbéxPBﬂﬂﬁg.gr%et ?sst‘%ﬁfatcif’pé: U8 be
actuated_ hydraulically, nmechanically or e|lectrically. 23 A plug type

act uat or 9rs1l |BiRgr & SiechanErglr BYMBA FRIVEB AfPWEEHHS Sleckrdicdd B¥ ™ Phat

ispushed or. pulled through the bistabl-e expandabl e tubul ars 24or
connect ovbigh %#Kngqqeqqq$gryireline cable. As the inflatable packer

element 25 expands, it forces the'bistable.expandablé'Eubular 24
to also expand radially; At 4 cértain expanéion:diaméter; the
inflatable.éacker element caﬁseé ﬁhe ﬁistabie_cells in the
tﬁbular'to reach a critical geomeﬁry'where the.bistable “snap”
effect is initiated, and the_bistable expandable tubﬁlar"system
expands toiits final diameter. Finally the'inflatable.packef
-element 25 is deflated and removed from the deployed bistable

expandabie tubular 24.

A-meéhanical packer elemené is'shown in_Figufés 6A and.GB'
‘and is a device with a deformable.p133tic element 26 thét
expands radially when compréssed_in.;he axial_direction; The
force to compress the element c&n be provided through.a
compression mechanism 27, sﬁch éé A screw mechanism, caﬁ,.or a
hydraulic pistbn. The ﬁechanicai pgcker elemgnt depioys.the
bistable.expaﬁdable tubﬁlars and_conﬁectors in the same-way as
the inflatable_packer element;'The deformable plastic elément 26,

applies an outward radial force to the inner circumference of



9A. The plug is sized to expand-the bistable cells past their critical
poi nt where they will snap to a final expanded di aneter = as shown in Figure
9B. A ball type actuator is.shown in Figures.10A and 10B and operates when
an oversized ball 36 is.punped through the niddle of the bistable
expandabl e tubul ars. 24 and connect oJ.5. To prevent:-fluid | osses t hr ough the
cell slots, an expandable elastonmer” based liner 38 is run inside the

bi st abl e expandable t ubul ar - systen1 The liner 38 acts as a seal and alloms

t he ball hydraull h o st

and conn'étb?g? #ﬁtf L¥]H§I 28 gh % ?‘?A}é%&te%roug qt‘ﬁ“’et&é‘gl stabl e
expandabl e tubulars 2E§FQ%|connecto : gﬁéo ex and t LY '
beyond tHe 4% itaIeR O 8i APRCLPFHRF ngCF W}On Q%%% ke pl ace
as shown |n Figure 10B. Once the bistable ex g@able tubulars and
connect of stinal SeRirument; |7d ametes; (FEP §F3%5% Vand bal | 36 *are

wi t hdrawn. Radial roller. type actuatoris also can be used to expand the

bi stabl e tubul ar sections. Figure 12 illustrates a notor driven 24.
expandabl e radial roller tool. The tool: conprises one or nore _sets of ‘arns
58 that are eaapammdeb@ SAE aﬁeﬁépmylﬂe’ﬁh%%?s 7A - 7D and

' comprlses a series of flngers 28 that are arranged radlally
around a conical mandrel 30. Ergures 7A and 7C show s;de and
top views respectively; 'When tﬁe mandrel 30 is pushed or.pulled
through the fingers 28 they expand radially cutwards, as
illustrated in Flgures 7B and 7D An'expandable swage is“used-
in the same manner as a mechan1dal packer element to deploy a

bistable expandable tubular andiconnector.

A prston type apparatus 1slshown in- Flgures 8A - 8D and
comprlses a series of plstons 32 fac1ng radlally outwardly and
'used as a mechanlsm to expand thelblstable expandable tubulars
and'connectors. When energlzed the plstons 32 apply a radlally
directed force to deploy the blstable expandable tubular
assembly as per the 1nf1atable packer element. Figures 8A and
8C 111ustrate the.plstons retracted whlle Flgurea 8B and 8D show
the pistons_extended._ The pistor type apparatus can be actuated_

hydraulically, mechanically or électrically.



a nmechani smand pivot. On the end of each set of arms is a roller 60.
-Centralizers 62 can be attached to the tool to locate it correctly inside
the wel | bore and the bistable tubular 24. A notor 64 provides the force to
rotate the whole assenbly, thus turning the roller(s) circunferentially

I nside the wellbore. The axis of t roller(s) is such as to allow the
roller(s) to rotate freely when brdught into contact with the inner _
surface of the tubular. Each roller can be conically- shaped in section to

i ncrease the: contact area-of roILer,iirface to,the, inner wall of the .
tubul ar..:  THe RPHIY PPRASHIRECKatEY 1 lusFated HETREEEDAR 1T IF i nsi de
the col | apsed bistable tubular. The tool js _then rotated by the notor 64,
and rol | 8rd compriEeHy RESUta Ry (6 PBAPSL: T tPlledthseigtadd®f the
bi stabl e tubular. Once_ in contact with the tubular, the rollers are

pi vot ed busvabbeyexpandalle taibstlaxee 240°08p FPYRAAL VLT vRF dFYoWn gt dligdgiece to -
t he bistable tubular. The outward novenent of -the rollers can be .
acconpl i $hedTive apleant ¥$ faliged ftor cxpendatheabppebpblat eehls upast thadhani sm
coupl ed between the notor 64 and the rollers 60. The final pivot position
i s: adj ustidital appimintwhemr ehdye wd3dl snap to a final expanded diameter

as shoWn in Figure 9B.

A ball type actuator is_shéwn'ih Figures 10A and iOB-and
operates when.an oversiéed ballé36 is pumped through the middle
of the bistable expandable tubufars,24 and connectﬁrs.'To
prevent fluid losses through thé cel; slots, an expandable
elastomer based liner 38 is runﬁinside the bistable expandable
tubular sysﬁem. The liner 38 acﬁs as a seal and allows the 5a11
36 to be hydraulicélly punmped tﬁrough the bistable-tﬁbular 24
and conﬁeetors. The effect oflpﬁmpihg the ball 36 through the
bisﬁablé expaﬁdable tubulars 24 ?nd.c§nnectors is to eﬁpand ﬁhe
cell geometry beyond the_;fiticél bistable.point, allowing full
éxpansion"to take place as showﬁ.in Figure 10B. Once the
bistable expandable tubulars an&'connectors aré expanded, the

elastomer sleeve 38 and ball 36 hre withdrawn.

Radial roller type actuator& also can be used to expand the

bistable tubular sections. -Figure 12 illustrates a motor driven



bi stabl e tubul ar can be expanded to the final dianmeter. The tool is

t hen-1ongi tudinally noved through the collapsed bistable tubular, while
the notor continues to rotate the pivot arnms and rollers. The rollers
follow a shallow helical path 66 inside the bistable tubular, expanding:
the bistable cells in their path. ce the bistable tubular is deployed,
the tool rotation is stopped and the roller retracted. The tool is then
withdrawn fromthe bistable tubular by: a conveyance device 68 that al so

can be Usetd g latlie ddidler ey e hiel LhustLahes: cbugiauli sglly

driven ra oyirent devi ce. ri ses one or nore
rollers 60 th t are 0 i nto cont.a t wth the_inne ace of the
bi st abl eSEtBUPHY rééc\ tg%g'f BT S FAPRICS 5Ps?oﬁeEodlﬁ‘ﬁ%{:‘%ﬁm&rrﬁeaqsadﬁ al
force apglled the | lers can be |ncr gd §0|n£ where t he '
bi st abl e t‘ﬂ‘l’)‘Eﬁ1 PivPh+1s O ke §rdne FaChCﬁ; Gt i 2Ere B2 *an be
attached to_the tooI to locate it correctly inside the wellbore and

bi st abl eTPUEF a0 24, CoFaliqars: $26 6 BE| AFERGREY Fet FhRt P hriP t he t ool
is run into the collapsed bistable tubular 24. The rollers 60 are then

depl oyedlo&fEe phis hCRgErHsty tieidesitte waliberet ArdoFieablstaklpurunlar to

expand a portlon of the tubular to its final dianeter. The
A motor 64 provides the force to rotate the whole assembly,

thus turning the roller(s) c1rcumferent1ally inside the -
wellbore. The axis of the roller(s) is such as to allow the
roller(s) to rotate freely when brought into contact with the
inner surface of the tubular. Each roller can be conically-
shaped in section to increese_tﬁegcentact_area'of roller surface
to the inner wall of the tubulat.é The rolleis are initially
ret?acted_and the tool is run in;ide the collapsed bistable
tubular. The tool is then rotateé by the moﬁor 64, aﬁd rollers
60 are moved eutwardly to contacﬁéthe inner surface of.the |
bistable tubular. Once in contaéé with the'tubular,_the rollers
are pivoted outwardly a greater dlstance to apply an outwardly
radial force to the blstable tubular The outward movementlof
the rollers can be accompllshed yla centrifugal force_er an
‘appropriate actuator mechaniem c?ﬁpled.betweeh the'motoi 64 and

.the rollers 60.

"The final pivot position iséédjusted to a point where the



entire tool is then pushed or pulled longitudinally through the 26.

bi st abl.e tubul ar 24 expanding the entire length of bistable cells 23. Once
the bistable tubular 24 is deployed in its expanded state, the rollers 60
are retracted and the tool is wthdrawn fromthe well bore by the
conveyance device 68 used to inseré'it. By altering the axis of the
rollers 60, the tool can be rotated via a notor as it travels

| ongi tudinally through the bistable tubular 24. Power to operate the

depl oy mepf ¢ BV @ uERN ke cHhane EkPEMAEN e O tlfe CROIHY INaidtelr .SOyhees such
as: electrical power . supplied either fromthe surface or stored in a

battery a5y %@%.1@5@@.%&&%&&9%9@9& %Mgﬁ%ﬂéi%ﬁlli}%égisw g SPQYEE

provi ded by surface or downhole punps, :turbin€s or a _ accunul at or
a0 oA el PO YR hEeENEONBILAT AOSNILE b WIAAC adgughad Y
"t or nal P01 it or T CRA 1AER) Sator BurE 18V Bt H Y e AT R ACa
TR U GA05S: SESty ok B4 S anotle PRl o S Tt et e
path. Once the bistable tubular is deployed, the tool rotation
is stoppéd and the roller retfaéﬁed;.The_tool'is then withdrawn

from the bistable tubular by a conveyance device 68 that also

can be used to insert the tool.f

Figure 13 illustrates a hjdraﬁlically'dri§eﬁ radial roiler
deployment‘dévice. The ﬁdol coﬁprises one or morelrollers 60
that are brought into contact wifh.the inner surface of the
biétable tubular by means of a'ﬁydraulic'piston 50. The outward
radial fofce épplied by the roll?rs can be increésed'to.a pbint
where the bis;able tubular.expan?s to its final diéméter.
Centralizers 62 caﬁ be attached %6.the tool ﬁo locate it
correctly inside the wellbore'anh bisfable tubuiar 24.. The
rollers 60 are initially retract?d.and the tool is run into the
collapsgd bistable tubulaf 24. &he rdilefs 60 éfe then deployed
and push against the inside_wallééf the bistabie_tubﬁlar 24 to
exﬁana a po?tién of thé”tubﬁléf'%b its finél.diéﬁeter. .The

entire tool is then pushed'or-pu;led longitudinally through the



~and facilitates elimnation of problens associated with traditional
wel | bore casing systens where the casing outside 27 dianeter: nust be
st epped down nmny. tines, restricting access, in |long wellbores. The
bi st abl e expandabl e tubul ar system can be applied in nunmerous

applications. such as an expandabl pen hole liner where the blstable
expandabl e tubular 24 is used to sﬁ% ort an open hol e formation. by
exerting an external radial force on the wellbore surface. As bistable

tubul ar yfed d a@ﬁlg%r éaagstsgﬁaﬁ.aeugggafﬁ@{rw&%emt& eARiagheM th the

surface Tormng ore esera forces help stabilize the

formation nchal I el hl‘?’i Oy slthpgeot:uﬂﬁiéf Mt f é;égnﬁgpt |t%nal casi ng

ce
stri ngs e open SO Ccan conprise a

wr appi ng, tha educes t e ra fromt [ 1 hor |nto t he
f or mat i oTTR2 “F#é{ Bzeﬁﬁdgbf?ﬁ?‘n va""rcl:t-'e‘%a rfdvﬁr‘a 2:% g‘l incl udi ng
expandabl e nmetal | i and/or to materials. redUC| Ioss
into thewi”é}'l“?]ﬁ“frbnfsro“l e 3?‘??5‘3 de’?I PRV INR ea‘ﬁ‘cn?e 4}2&?@ d“8nd t he

risk of |osing C|rculat|on and/ gr bor ehol e collgfse can be . mnini zed.
Liners atB®exanibe FeAWIHAT hel PEOPeOt ubRF e s 80, the tool can

be rotated via a motor as it travels longitudinally through the

bistable tubular 24.

Powexr to operate the dgployment device can be drawn from
one or a combination of sources such as: electrical power
sﬁpplied ei;her from the surface of stored in a 5attery
arrangement along_with the deployﬁent device,'hydrauliq power
provided by surface or~downhole pumps;-turbines oxr a.fluid.
accumulator, and mechaniéal-power sﬁpplied through an
appropriate linkage actuated by mbvement applied at the surface-

or stored downhole such as in a spring mechanism.

Thé bistéble expandable tubular systeﬁ is designed sb the
internal diameter of the deployed tubular is expanded to
maintain -a maximum cross- sectlonal area along the expandable
tubular This feature enables mono—bore wells to be constructed
and fac1iltatéé éllmlnaﬁlon éf probléms aésoc1étedlﬁlﬁh

traditional wellbore casing systems where the casing outside



pur poses such as corrosion protection. One exanple of a corrosive
environnment is the environnment that results when carbon dioxide is used to
enhance oil recovery froma producing 28 fornation. Carbon dioxi de (C02)
“readily reacts with any water (H20) that is present to form carbonic acid
(H2C03) . Qther acids can also be gem@rated, especially if sulfur
conmpounds are present. Tubulars used to inject the carbon dioxi de as wel |
as those used in produ0| ng wells are subject to greatiy el evat ed

corrosiop rates. res vention ca S raLgct e

li ners, aé“etfrb%‘? bP& ESBPS&. ﬂ",mvxllf‘?lﬁY n%lgﬁe#e%%tﬁﬁgt?&%u %c %g mi% mze
t he c_orroswe effects and to extend the useful life of the vveIIbore

t ubul ar s+ O%d‘tq"?elﬁo"é‘)?énpl ary application involves use of the bi stabl e

tubul ar 24 as an expandabl e perforated liner. The open bistable cells in

t he bistable expandabl e:.tubular allow unrestricted flow. -~ fromthe -
formation while providing a structure to_ stabi lize the_ borehale. Still

anot her appl iThe dsteblehexppatdable’ tubalay system gan he appdd@sbie. sand

screen where the bistable cells are sized to _act as a sand control screen.
Al so, a fwhersusrmpaliigatiemsheuch as an expandable open hole liner o

where the bistable expaﬁdable tubular 24 is ﬁsed'to support'an
open hole formation by exerting.an external radial force on the
wellbore surface..:As bistable tubﬁlar.24 is radially ekpahded,
ghe tubular moves into contact with the surface forminé wellbore
29. These radial forces help stabilize Ehé formations'and allow .
the drilling of wells with fewer COnQentional'casing sﬁrings.
The open hole liner also cén COmpfise“a'ﬁaterial, e.g. a
wrépping, that reduces the rate éf:fluid'loss from the-ﬁellbore
into the fofmations. The wrapping_can'bg made from a vafiety of
materials including expandable=me£aili¢ and/or elastomeric
materials.. BQ reducing fluid'loss iﬁto the formations, the
expense.of drilling flulds can be reduced and the risk of 1051ng

circulation and/or borehole collapse can be minimized.

Liners also 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



conmbined with the bistable tubular as expl ai ned bel ow. For exanple, an
expandabl e screen el enent can be affixed to the bistable expandable

t ubul ar. The expandabl e screen elenment can be formed as a wappi ng around
bi stabl e tubular 24. 1t has been 29 found that the inposition of. hoop
stress forces onto the wall of a borggole will in itself help stabilize
the formation and reduce or elimnaté®the influx of sand fromthe
produci ng zones, even if no additional -screen elenent is used. The above
descri bed bistable exggg?able tubuyl ars can, he in.a,variety of nanners

. - made

such as:IXMALIRE aSHEHN SterydeshGPed TRatst FERTSS WHEMWaRY BREeE tubul ar
pi pe thereby creating an expandabl e bistable device in:its collapsed
state; c{i0)n§hasalEePRESERE Ot FUMHNI ATRAHE @fddey2EPPat i MFhar ecpdfdabl e
bi stabl e device in its expanded state and then conpressing the device into
its col |cpsealst diee;gernayatiedy eppeopailiyeipasnbiuy (renppundsipna of
material, rolling the material into a tubular shape_ and joining the ends
to for mmresxpanddhite lsirst sisled devivadectnthe scavponipieakisiantas wallcasting
patterns into a sheet of material, rolling the material into-a tubular
shape, jtchoseagigdre imdjmwiduciggemed leoaker snhneel pamdatrat i stlabtadedevi ce in
its B

corrosion rates. The present invention can be used to place

protective liners; e.g. a bistabfe_tubular.24; within an

existing tubular to minimize'theécorrosive effects and to extend

the useful life oflﬁhe wellbore fubﬁiars.

Another‘éxemplary appliéatian involves use of ﬁhe'bistabie
_tubular'24 as an expandablelperferated linerf'The.open bistable
cells in the bistabie expandable{tubﬁiar alléw unreétricted flow-
from the formation whiie providiﬁé.a strubture to stébiliie the

borehole.

Still another applicaﬁion.oé the bistable tubulé? 24 is as
an expandable:sand sgreen where tﬁe bistable ce;ls aré sized to
act as a sand control screen. .AiSOQ a filter material can be
combined with the bistable tubular as explained below.-.For
example; an expandable-screen.elément can be affixed to the
bistable expandable tubular. Thé'expandable.séreen elément can

be formed as'a wrapping around bistable tubular 24. It has been



expanded state and then conpressing the device into its collapsed state.

The materials of construction for the bistable expandable tubulars can

“include those typically used within the oil and gas industry such as
carbon steel. They can al so be nmade of 30 specialty alloys (such as a

monel , inconel, hastelloy or tungsteggbased alloys) if the application
requires. The configurations shown for the bistable tubular 24 are
illustrative of the operation ofa basic:b.istable cell. Oher

confi guratians. may %g suitable, but the:con eii' resented | al valid
for the @uﬁghgpg%e3 t HRES hO%i%%r%%o igﬁﬁﬁp §£”§§%£é¥%f’- P%?%egkof
bi stabl e gel | I'S thustrated _The ackq%5§$ has a tubul.ar 82 formed of
bi st abl e’@’éﬂ%“’é& witdhigsifABLE .?%&‘%ﬁ- iﬁgﬁiﬁlé"s‘éﬁﬁﬁ"ﬁ‘ 2244 tion, the
packer 80 has at |east one seal ,84_along at |east a_portion qof its |ength.
An exenplediFesoF edamdaptenthgodnbhex oF $ARG 2R RHAUGHET PAREFnal |y,
externally, or both with respect to tubular 82. Additionally, the layer(s)
may be igvesy tifke® wddaitipsadpearags ehemeRt ks t4Redel Is. Figure 14
il lustrates an enbodi nent having an internal and : '
The above described bistablé expandable ﬁubulars can be

made in a variety of manners such as:'cutting appropriately

shaped paths through the wall of a tubular pipe thereby creating

an expandable bistable device in%its collapsed state; cutting

patterns into a tubular pipe thefeby creating an expandable

bistable device in its expanded state and then compressing the

device into its dollapsed state; ‘cutting appropriate paths

through a sheet of material, rolling the material into a tubular

shape and joining the ends to form an expandable.bistable device.

in its collapsed state; or cuttiﬁg patterns into_a'sheet of

material, rolling the material into a tubular shape, joining the

adjoining ends to form an expandable bistable device in its

exﬁanded state and then compressihg the device into its

collapsed state.

The materials of donstructioh for the bistable expandable
tubulars.can include those typicilly used within the oil and gas

industry such as carbdn steel. -They can also be made of



an external seal 84. Figure 15 illustrates a packer 80 having only an

i nt.ernal- seal 84. The seal 84 may be forned of an el astoner or other
material. Further, the-properties of the seal 84 allowit to at |east
mat ch the expansion ratio of the 31 tubular 82. Folds or other- design
characteristics of the seal 84 may bgoused to facilitat-e the expansion.
Also, a resin or catalyst 85 nay be usedto allow the seal 84 to harden
after setting. In one alternative enbodlnent a resin or other flowable

material is ced betwee e layers of; seals 84 (as | Flgure 14) . Cnce.
T ok abSgBe FET o RRE CTeddis A oy o 152hnen: bASCPILEUIRE “rac o i o

may be hardened or otherwi se altered to_inprove the sealing
char act etHBgpEenobaged apbewer . hQ1QQQ%éCéEﬁPPCE?ﬂBh§eShardenlng of the
resin or other-material requires heating of the.material by a.service
tool. The packer 80 can be expanded as.described herein,.and nay conprise
a variety of bistable cells. In one enbodi nent of use, the packer 80 is
depl oyed on aThencpnfigetatiens istevaddoratheckpahdbhg tbbtlaﬂh%4pa®ker 80
is positioned at the desired |ocation and expanded to seal against the
wal | s of iflhestaskthyeoot dmeewpexﬁnﬂqn'onypbeahbyblshebbackell80 QEher
connected to a

configurations may be sultable, but the concept presented is

also valid for these other geometrles.

In Figures 14 and 15, a packer 80 formed of bistable cells
is illustrated. The.packer 80 has a tubular 82 formed of
bistable cells 83, such as those prevxously dlscussed In
addition, the packer 80 has at least one seal 84 along.at least
a portion of its length. An exemplary seal 84 may 1nclude one
or more layers positioned internally, externally, or both with
respect to tubular 82. Additionally; the layer(s) may be

intermixed with the openings formed in the cells.

Figure 14 illustrates an emgediment having an.internalland
an external seal 84. Figure 15l£11ustrates.a packer 80 havlhg
only an internal seal 84. The seal 84 may be formed of an
elastomer or other_materialt Eu%ther, thefpteperties_of the

seal 84 allow it te'at least match the expansion ratio of the



tubi ng or other conduit that extends downhol e bel ow the packer 80. The
packer 80 provides a seal in the annulus.to prevent or restrict fluid flow
longitudinally in the well (the typical use for packers). The present.

invention also may act as a well anchor which includes or excludes the
seal .84. 32 In Figure 16, an-alternq?ive enbodinment is-illustrated in
whi ch the packer 80 forns a portion of a conduit. In-the enbodinent shown,

a well conduit 90 (such as a tubing) has a. portion (nmarked as the packer

80) that, | f hg. BifLabhesceh! '
R o R A A R R e

seal rial .84 js 4llustr . reveal the bistable cells
83 in '?Eéefu“r'flaer eyidr?;ed[uoul%%rcggg.qa?% Eﬁgﬁ%gg‘i%l§ e packer portion 80 is
illustrated in its expanded state. It should be noted that in typical

applications the well conduit 90 which does not have bistable cells forned

t herein, .does not expand. Thus, one epbodi nent for_attachin he wel.l
omtui £ 1 o s TSt B et oF CatrlVer. Ao Bari sord e FIde dhn sta o

the well conduit_90 (note that a wel ded connection resenbles this

embodi meft %ﬁmpﬁ%g%ﬂ1%ﬂqﬁﬁwiﬁﬁtéégnetHBdOB? FOFRTPRC TR PiRkpent a

resin or other flowable maﬁerial is placed between the layers of
seals 84 (as in Figure 14). Once the padker 80 is placed'in'the
well and expanded, the flowable material may be hafdened of
otherwise altered to improve the sealing characteristics of the
packef 80. In some applications, hardening of the resin or
other material requires heating of the material by a service '
tool. The packer 80 can be expanded-as_déscribed herein, and
may comprise a variety of'bis;able'éells. In one émbodiment.of'
use, the packér 80 is deplﬁyéd on a run-in toollthat includes an
expanding tool. The packer 80 is positioned at the desired
location and-expanded to sea1 against the walls of thé casing or
other_tgbuiar. 'Typicélly. the packer 86 is connected to a
ﬁubing or_othe: conduit that extends downhole below theApatker
80; The packer 80 pré&ides a seallin the annulus to prevent or
restrict fluid flow longitudinally in the well (the typicgl use
for packers). lThe pfesenﬁ .invlentilon also may act as a well

anchor which includes or excludes the seal 84.



i nvention). O her nethods include conventional nethods of non- integral
connection. In alternative enbodi ments, the well conduit has-a plurality
of bistable cell packers 80 fornmed thereon. In yet another alternative
‘enbodi ment, a portion or portions 91 of the well conduit in addition to
the packer portions 80 are formed of ;bistable cells so that these other
portions al so undergo 33 expansion (see Figure 17). The other portions nmay
or may not have a material applied thereto. For exanple, the other portion

may have a screen or filter material applied thereta to . provid a,.wel I
sand screen. Tefd@iyngy 1o PPgE?-E?@B'A*%g %‘ﬁ’%‘{l‘t"é"r‘?ﬁt’ﬁé t&ﬁ‘%@fi the

present invention is illustrated in.a schematic, partial cross- sectional
view. THehkspdimmaskexc88r £pgmshawRorhleheot & reRRBH-E- ardd &ffanded
states, respectively, and in partial side elevational view (Figure 18C).
The packerbedhiowent rdiawdes aawisddeconguik a0 8bsyeh M. HftuHing)sthas & 21 and
thick struts 22 formng bistable cells 23/83 as previously . described..
Sl at s 92pareiomt treentlesdl tas tthe pabkey B8Q) athaneledget dl foxmeddiegeneral |y
l ongitudinally in the enbodi ment:shown (see Figure 18QC). '
bistable cells. The packer portion 80lhas a seal 84 thereon as
previously described. In Figure 16, a portion of the seal
material 84 is illustrated as removed to reveal the bistable
cells 83 in the underlying tubular 82.  1In Figure 17, the packer
portion 80 is illustrated in its expanded state. It should be
noted that in typical applications the well conduit 90 which
does nbt have bistable cells formed therein, does not expand.
Thus, one embodiment for attaching the well conduit to the
packer 80 is to form the packer 80 as an integral part of the
well conduit 90 (note that a welded connection resembles this
embodiment and is an alternative method'of forming the present

invention). Other methods include conventional’methods of non-

integral connection.

In alternative embodiments, the-Qell cdnduit_hés a
,pluralit& of bistable cell packers 80 ﬁormed thereon. In yet.
another alternative embodiment, a portion or pprtions 9;'of.th§.
well conduit in aadition to the packef portions 80 are formed.of

bistable cells so that these other portions also undergo



Specifically, each slat 92'is attached to the tubing 82 at the thick
struts 22, and the width of the slats is such that they overlap at |east
t he adj acent slat when the tubing 82 is in the expanded state. Although
illustrated as having a slat attached to each of the thick struts, the
packer may have a slat attached to a% ernate thick struts 22 or in other
configurations. Furthernore, the sla may extend.in a direction other
than the |ongitudinal direction. The slats 92 slide over one another 34

- during expansi.on 39 thgm t he QE}SiqﬁhOf t.he tqprnq382 | S covered by the -
over | appPRGEiels \§5° FATEES) 18- mail P e IR A 1T M8 1% Z282 705 pr ovi de

the seal for theegac er. iLtaouﬁh shown in the figures as folded,  the

seal 84, tRér 2PR4FGE ERPEEFRs tFR F5MY%-atds ofhempertioro

expand with the slats 92 and tubul ar 82. Also, the seal 84 namy have other

char act MA% 1AV Fr SFFEES §F fbhipbrdyteyrl appligd thenatindo pxgridetc).

It should be noted that although described as a packer, the present

i nvent i ¢h WRht Isengs &greenpr ovi de i sol ation over a long |ength as opposed

to a traditional packer or downhole tool which generally seals only a
relatively short | ongitudinal distance. '

Rgferring to Figures 18A-C, aﬁ alternative design of the
present invention is illustrated in a schemétic, pattial cross-
seétional view. The expandablé packgr is shown 'in the retracted.
and expandéd states, respectiveiy, and in partiél side
elevational view (Figure 186). The packer shown inciudes a base
tubular 82 formed of thin struts 21 and thick struts 22 fofming
bistable ceils 23/83 as previously descriEed. Slats 92 are

'~ attached to the tubing 82 af one edge aﬁd extend generally
longituainally in the émbodiment=shown (see Figure 18C) .
Specifically, each siat 92 is attached to the tubipg 82 at the
thick struts 22,.and:the width of the slats is such that they
overlap at least the adjacent slat wheﬁ the tubing 82 is in the_.
expanded'staté. Although illuétrated as having a slét attached
to eéch of the thick.struts, the packer may have a slat attached
to alternate thick struts 22 or in other cOnfiguratiéns.
Furthermore, the slats may extend_iﬁ.a direction other”than the

longitudinal direction. The slats 92 slide over one another



Thus, the present invention nmay be used in a manner simlar to a casing to
prOV|de isolation for an extended length. In Figure 19, a perspective view
of packer 80 (or isolation device) having a plurality of slats 92 attached

thereto is illustrated in an overlapping arrangenent as previously
descri bed.” The tubing 82 includes end gxtensions 94 that extend
| ongitudinally fromtheendnost cells. e slats 92 may be attached to the

end extensions 94, to certain portions of the 35 thick struts 22 and/or to
certain thick struts 22

or, exa e struts 92 are
at t ached® ?Bllwlee’fﬂ‘ﬂrﬁéc”%t%ttg’a\ﬁhltgﬁ SPgngﬁg?%uﬁ?ﬁaT‘ r@lré? %ﬁe’ns it SYe end
extensions 94. Although generally shown as attached at an edge of the
sl ats 92bYt Hee spveslagiddngladst § %h to the tubing 82 at ‘a position
i nter msdl ate the edges. In Fi gure 20, an expandabl e tubing (or conduit) 90 .
is illustrated positioned.in a well 100. The conduit 90 includes a
plurality of spaced packers 80 or expandabl e sealing devices. The _
expandabl e pabkeesl ¥ ergade Etdandledbsrethel Elatevdat kagprewnids dihef | ow
t hereby. Therefore, any microannulus fornmed between the expandable tubi ng
90 and theaﬁefbrlﬂﬂe(yﬁnkﬁr|ﬂaﬁithough shown in the figures as folded,

the seal 84, may have other characteristics that facilitate its
ability to expand with the slats 92 and tubular 82. "Also, the
seal 84 may have other characteristics previously mentioned

(e.g., resin, intermal seal, etc).

It should be noted that although described_as a.packer, thé
present invention may be used to provide isolation over a long
length as opposed to a traditionél packer or déwnhole tooi'which
generally seals only a relatively short longitudinal distance.
Thus, the present invention may be used inla mannef simila# to a

casing to provide isolation for an_extended length.

In Figure 19, a perspective'view of packer 80 (or isolation
deviée) having a plurality of slats.92 attaﬁhed.thereﬁolis
illustrated in an overlapping arrangement as pieviogsly
described. The tubing 82 includes end exten?ions.94 that eﬁtend
longitudinally from the endmost ;ells.l The slats 92 may be

attached to the end extensions 94, to certain portions of the



include a casing) is sealed in the longitudinal direction to restrict or
prevent. unwanted flow thereby. The conduit 90 nmay include one or nore such
packers 80, as desired, to control the flow Further, the packers 80 may
be spaced at regular intervals or at sone other predeterm ned spacing to
control the flowin the annulus as ng ded. in one.exanple, illustrated
.schematically in Figure 21, the. individual joints of tubing 90 are

i nterconnected by a packer 80 to conpartnentalize each joint of conduit

fromthe_adj,acent 36 .4 Qi s). The_packer, 80, can_be epajat e connect or
as shomtl'i”n‘l‘k'ﬁﬁ}ftes % &nﬁ/t%%ﬁﬁ 5 r&@?ﬁe{dhégk-pﬁgfm&?a%%e j o e '
Accordi ngly, .t he packer 80.cgn be_positioned_at an end of the joint 90, in
e doreeinent; RO SEEGE A CEURE: 02| SEar OIS S SRR, 1
one enbodi nent both conduit 90 and_packers 80, of Figures_20 and 21, are
fornmed oFtBiEt dHrEch &N sl.orﬁé“fté‘ldﬂi“ﬁélyeﬁéilgpﬁ‘} VHER| Eﬁﬁ‘? e%n@ﬁgts?nsalﬁns .
alternative enbodinent of the present invention is disclosed. The device
shown i n9¢ hes®lthepgl gepgrald Yusbeovas ag phtrehedmahga?, @@98i%% thmtch, or
ot her device requiring expansion and is generally '
"slats 92, the slats also may attach to the tubing 82 at a

position intermediate the edges.

In Figure 20, an'expanaablé tubing.(or écnduit) 90 is
illustrated posiﬁiohed_in_a well 100. Tﬁe conduit 90.iné1udes a
plurality of spaced packers 80 or.expandable.seaiing deQiées.
The expandablé packers 80 engage the wellbore wall pre&enting
annular flow thereby;' Thereforé, any_microannulus forﬁed
between the e#pandable tubing 90 and the weli 100 (which may
include a casing) is sealed in the longitudinal direction.to
restrict or prevent unwanted flow thereby. Thé_conduit 90 may
include one or more such packers 80,.as désired, to control the
flow. Further, the packers 80 may be sPacedJAt regﬁlar
inter%als or at some other'predetérminéd spaciné to control'thg

flow in the annulus as needed.-

In one example, illustrated schematically in'Eigure 21, the'
individual joints of tubing 90 are interconnécted by a packer 80

to compartmentalize each joint of conduit from the adjacent



referred to herein in reference to these figures as an expandabl e tubul ar
120 for. ease of description. The expandable tubular 120 conprises a series
of cells 122 formed therein, such as by laser cutting, jet cutting, water
jet cutting or other manufacturing. nmethods. The cells 122 are oriented
such that a nunber of |ongitudinal stputs 24 are forned on the expandabl e
tubul ar 120. Thus, as shown in the fié res, the longitudinal -struts 124
| ie between |ongitudinal lengths of cells 122 with the cells 122 having
relatively thinner struts_126 gxt endi ng between adj acent | ongi #édi nal
struts BMntAsS)Ishodkiei Rarker BPgtrRsPe R TIRATAES 5RG BFdS in
struts. 124 are. noved 37 longitudinally relative to one another (e.g. in
opposi t FigWneedl @Fs)it cpe bel fermed pHarrito ARl IHE st ructure o
radially. Not all of the longitudinal struts 124 nust nove;, _alternate
| ongi t udhgrdrdimalys the pagkbs BBvean we |Ro3Hu enekrat sy ¢ng Pdnkha
stationary. The relative nmovenent of ‘the |longitudinal struts 124 provides
t he expaisimn of, time thel kddd22 ofinthe htolxpaHtalie atumpyaothe®. This type
of cell is an exanple of an expandable cell that is not bistable. A
| ocki ng Teedtairors a2y iwg Bengsbd t Innemetenbodiment both conduit 90

and packers 80, of Figures 20 and 21, are formed of bistable

cells.

Reférring generally to Figurés 22A-B, an alternativé
embodimeﬁt of the present invention.is disclosed. The device
shown in these-figurés may be used as a pécker, hanger, césing
patch, or other deviée requiring expansion aﬁd is generally
referred to herein in reference to these figures as an
expandable tubular 120 for ease of deécriptioﬁ. The expandable
tubulér 120 cﬁmprises a series of cells 122 formed therein, such
aé by laser cutting, jet cutting,_water“jéﬁ cutting or.other
ﬁanufacturing methods . The'célls 122 ére oriented such that a
number of longitudinal struts 24 are formed on the'expandable-
tubular 120. Thus, as shown in the figures, the longiﬁudinal
struts 124 1ie between longitudinal lengths of cells'122.with. _
the cells 122'having relatively_#hinner struts 126 extending
betwéen adjacent longitudinal struts 124. As shown in the

figures, as the adjacent longitudinal struts 124 are moved .



expanded position of the expandabl e tubular 120. As shown in Figures
22A- B, the expandabl e tubular may conprise one or nore |ocking. nechani sns
128 spaced along the length' of the expandable tubular 120 and spaced
radi al | y about the expandabl e tubular - 120. One enbodi nent of the I ocking
mechanismis shown in Figures.23A-B. Jn the enbodi nent shown, the | ocking
mechani sm 128 conprises.a detent (or “finger)-130.extending fromone
| ongi tudi nal strut 124 and cooperating with a set of ratchet teeth 132
provi ded_ on anot her. | ongi tudinal strut 124. The ratchet teeth 132 extend -
froma rieRobretineddYofrelRE1vEoREi PUAI ABPLREY ute 191 IR RRYTHRSdate for the.
rel ati ve novenent of the.detent 130 to the |ongitudinal strut 124 having
the ratéheectiand) 13he vedlsalldhepPPeBetf 38PRENERRIFEXHITBR 38 novenent
of the detent 130 thereon in a first direction associated with the '
expansi onadialhe. extjin@ddl eft tbel dpngoudingl preventlibvarsnimoyeit he
detent 130 in the opposite direction. Once in the expanded position, the -
det ent 18Dtexnataslendideiddaalsistautpr 3émayigoe enewed i ks tlive ohgaindabl e
tubul ar 120. To increase the structural integrity of the expanded tubul ar
120 andstputesratafrorsies ilomadiyng Thenoedatiree enpeeadeait eof uthd ar 120

longitudinal struts 124 provides the expansion of the cells 122

and the expandable tubular 120. This type of cell is an example

of an expandable cell that is not bistable.-

A iocking mechanism 128 may be ﬁsed té maintain the
e#panded position of the expahdable tubular 120. As-éhown.in
Figures 22A-B, the expandable tubular may compfise one or more
locking mechanisms 128 spaced along the 1ength'of the expandable.
tubular 120-and spaced radially about the ekpandable tubular
120. Oﬁe'embodiment of the locking mechanism is shown in
Figures 23A-B. _in the’embodiment shown, the locking mechanism
128 compriées.a detént (or finger)-l30.exténding from one
longitudinal strut 124 and cooperating with a set of ratchéﬁ
teeth 132 prdvided on anocther longitudinal stru£ 124. The
ratchet teeth 132.extend from a ramp area 134 bf the
iongitudinal_strut 1243to acqoﬁmpda;e fgrjphe reiativg movement
of the detent 130 to the 10ngi£udinal-étrut iZ4 havihg the

. ratchet teeth 132. The ratchet teeth 132 generally allow



froman expanded state or position to a reduced position. The expandable
tubul ar. 120 may include a plurality of |ocking - nechanisnms 128.

Al t hough. shown as a ratchet, as an alternative the |ocking mnechanism may
have fewer discrete positions, such as one, in which the detent |ocks in
the fully expanded position only. In ot her enbodi nent the detent may
conprise a resilient finger biased toward an extended position that snaps
into a groove in an adjacent |ongitudinal strut.124. Likew se, the

adj acent__struts ma ac e resilient detents that cooperate to
| ock .t h&"WENEY io#ziéﬁ‘(? é?%&ﬂgegﬁéogf’ﬁﬁﬂnoﬁ?ya rttfi“ﬁﬁﬁi‘l‘ﬁf 120 |
achi eving the expanded position. These_are only a_few exanples of the many
‘possi bl eg%ﬁqce‘rarﬁﬁpqayést & REPRBELPRGOE n’é}Eﬁa‘?FF%‘?ﬂdiafB]:e Fotbudiagy 120a pBEs
ot her tubul ar expansion nechani sns and_expandabl e cells may be utilized
such exRArR¥SHe MAnsmeats ofndheofpbentelflein the epremite efitlionef one
type of expandable cell are illustrated in Figures 24A, 24B, 25A and 25B.
in this Ongidd idm expandedopheiténneodihendetent el Tkldctss as andiockeded
froma conpressed state to an expanded state. _

strut preventing retraction of the expandable tubular 120. To .

increase the étructﬁral integrity of the.ekpanded tubular 120

and to resist forces tending to move the expandable tubular 120

from an expanded.state or position to a reduced position. The

expandable tubular 120 may include a plu:ality of locking

mechanisms 128.

Although shown as a ratchet, aé an alternétivé the 1oéking
mechanism may have fewer discrete positions, sﬁch as one, in
which the detent locks in the fully.expanaéd position oﬁly.. In
another embodiment the detent ﬁay-éomprise a resilient finger
biased toward an extended position that snaps into a groove in
an édjacent 1qngitudinal strut,124; Likewise, the adjacent
struts 124 may each have resilient detents that.Eooperate to
lock the device in the expanded position only upon thg tubular
120 achieving the expanded position. These are only a few
exgmpleslof the many possible alternatives for the locking

mechanism.128.



During novenent fromthe conpressed state to the expanded state and
dependi ng upon the environnental conditions as well as the materials used,
mat eri al 't hi ckness and ot her design paranmeters of the cell and devices

formed fromthe cell, some areas of the cell and struts may experience
pl astic deformation. In Figures 24A, 24B, 25A and 25B alternative

enbodi nents of a cell are illustrateddn conpressed and expanded states.
In these enbodi ments, one of the struts 21 (shown as the thinner, upper
strut) has.thinned portions 140 that serve as flexible hinges or joints.
The thinned govaQ.oeriegsacshsceFEPRbRY eiSP%%b"%tm%ﬁ%%@é‘dpl astic
deformation of the strut is likely to_occur as the strut noves froma

conpr essewandabl & qridde davs bat Etli'hléd suFheapindable cubiiars 396k ti ons
140 may be placed near the intersection of the struts 21, 22 to provide an
area tha@thsrId&anaﬁyuﬂﬂnrbbsamplpbaéetclaef@fn@m¢oﬁypeuqﬂuﬁnpandah§ef|gures
show a plurality of thinned portions 140, the strut 40 nmay include a

singl e tbébheairgarXivetra@d fior Fe‘ganpbezt.lm 24B, 2%k aid i 3EH eashu ghlisst i c
deformation. Also, the thinned portions 140 may be placed in other

posi ti onenﬂad:@itgertth,e ad ri othad, e%oﬂmmenthertpar@@}sbs:.s Tﬂ:nsanémtrmrédar eas
140 define

from a compressed state to an expanded state.

During movemént from the compressed state to the.expanded
state and depending upon the environmental conditions és well as
the matefials used, material fhickness and other design
parameﬁers qf the cell aﬁd devices formed from the cell, éome
areas of thé cell and struts may experience plastic deformation.
In Figurés 24A, 24B, 25A and 255 alternative émbodiments'of a
cell are illustrated in éompressed and exﬁanded states. In
these embodiments, one of the struts 21 (shown as the thinner,
upper strut) has thinned portions 140 that serve as flexible
hinges or joints. The thinned portionsll40 are preferably

' placed at areas where plastic deformation of the strut is likely
to occur as the strut moves from a compressed to an expanded’
state. Thus, for example, the thinned portions 140 may bél
pLacgd.near the_inte;;egtion_éf the.st;u;s_Zl, 22 tqlprovide an
area that is léss susceptible to plastié deformation. Although

the figures show a plurality of thinned portions 140, the strut



| i nkages 142 therebetween that conprise portions which are generally

t hi cker, than the thinned portions 140. Placing a plurality of thinned
portions 140 along-the length of a strut 21, 22 produces a plurality of

| i nkages 142. Another factor in determning the positioning of the thinned
portions 140 is the nunber, placenent,,and design of the [inkages.

Al t hough shown in the figures as having a uniform thickness, the |inkages
142 may al so have a variation in thickness to further tailor the

eXpansi Ofay COHEL L | L1, ANE BLBALaC BBERELAT 180! CRoPl Al L8] la@gylesi red.

“Therefore,” i.n one broad aspect e inventions, ‘one” of the

struts 2 2 | ok .Lh ' Al s ther factors,my be
consi derélaeﬁ1 ng%rlg%%%%%g%ﬁ%%gltcmﬁﬁﬁ\égﬁégi 1F(‘)nsgllﬁ%’ aﬁlaet%élnrﬁq ckness

vari ations_of the ruts .21, .22. Al.so he thi hned oytionsg may. occur at
the i nt SPRELIPBR B0 (MY & Riged i35 0that pat bLons A LTRe JhE FHRAE vi ¢ b
.three |ipka 42 ¢ illustrated;" and |n Figures 25A and 25B a cell with
two |i nkggeggil’gb? s°$*F%§‘Fa°é&.s ‘Al TREuGHERGYr 2EC3AAL WS EIRE RS 0se only a
single Eerl, the cells may be in%grporated,into a‘tool, such as a tube,
having a ﬁla?%?%tly‘l%fﬂt%ﬁ%%? athSPMBRLTR PR EHRT ool Anp -

generally thicker than the thinned poitionsll40. Placing a
plurality of thinned portions 140 along the length of a strut

21, 22 produces a plurality of linkages 142.

Another:féctor in determining the.pqsitiOnin§.0f tﬁe
thinned porﬁions 140 is the numbe:, placement, and design of the
linkages. Although shOWn in the figures aé having a uniform

“thickness, thé 1inka§es 142 may.also have a variation in
'thickneés to further tailor the expansion, contraction, and

- other characteristics'of the cell as desired. .Therefofe, in one
broad aépect of the inventions,-atzleast one of thé struts 21,
.22 has a thickneés that wvaries. 'Also, other féctors may.be
considered in placement of the thinned portions 140.and the
_thickness variations of thé struts 21, 22. Also, the thinned

portions may'occur at the intersection of the struts 21, 22.

In Figures 24A and 24B a cell with three linkages 142 is

jllustrated; and in Figures 25A and 25B a cell with two linkages



4B. The figures illustrate a single cell to nore clearly show the basic
concept. and the cell design. The handles shown. in.the figures are not a
part of the cell structure, but are nmerely used on test cells to
facilitate testing of the cells. Referring generally to Figures 26A and
26B, anot her enbodi ment of expandabl g,cells, |abeled as expandable cells
150, is illustrated. Each expandabl e Cell 150,conprises a thick strut 152
and one or nore thin struts 154, e.g. two thin struts 154. In the

embodi megyg hhhH%EEﬁEQ& e@f&h&?ﬁﬁ%@l&scglﬂz& %*"3 G8ERLLEESn p%yéu@ hi n

struts, and eac I n strut as a pair s 156 pi vot coupl ed

Lo ad) Ao Mkl SLYLSnay 55 ASRIdASL e SReA58, WK COMRERF=Ph 2!

are pivot recerve COr respo soc y of
dabl e |l 1 th t 1 at, || t d

i gur e 26K %%gt RPIRpARHED € At el LT 1910 P S e%oéa?éﬁzég “?ﬁ% s

154 def tl t 156 th _

corregpgr gSCkg$§*¥§5%fi§§¥%%§?uﬁ\%idﬁr%) :EEFPGE?ggéEB$i¥h%mﬁ%irsiof

thin 42 ts 154 that form each cell_ 150. have outl¥|ng ends 156
plvotablf o prég FBnEﬁBEra%ﬁtEﬁﬁwﬁﬁﬁlr43ﬁ1§ﬁs 1880PapdSFofipwn in the

figures are not a part of the cell structure, but are merely

used on test cells to facilitate testing of the cells.

Referring generally.to Figures.26A aﬁd 263, another
'embodiment of expandéble célls, labeled as éxpandéble ceils'lso;
is illustrated. Each expandable cell 150 comprises a thick
strut'isz and one or more thin struts'154,.e.g. two thié struts
154. 1In the.embodiﬁént illustrated, each expandable ;éll 150
éomprises a paif.of.thin struts; and each thin.strut 154 has a
pair of ends 156 ﬁivbtably coupled to adjacent thick struts,
respectively. Ends 156 may comprise pins that are pivotably

received in corresponding sockets 158.

As the plurélity of'expandabie cells 150 is moved from the
contracted state illustrated in Figure 26A.to the expanded stéte
illustréted in Figure 268, thin_st;p;s 154 deﬁorm suffiqign;ly
to permit pivoting éf pins 155 in their'correspbnding sockets .

158. As illustrated best in Figure 26B, the pairs of thin



thick strut 152. The opposite ends of each pair of thin struts 154 are
pi votably coupled to a | ower attachment region 162 of the next. upwardly
adj acent thick strut 152. It should be noted that positional terms such as
upper and |ower or nerely used to facilitate explanation of the |ocation
of various features relative to the fjgures. provided and shoul d not be
construed as limting. in another e dinment illustrated in Figures 27A
and 27B, a plurality of expandable cells, |abeled with reference nuneral’
164, each_conpri thick strut 166 _and one or nore.thin struts 168. Each
ihick st FEEUTRGLPE @aﬂarﬁm %ﬁ%ﬁ%%ﬁ%%@ﬁﬁ&cp&&&mngaee Frt3Pondi ng thin
strut. 168 at a fixed conpection regi.on 170 dispogsed at a generally central
| ocat i onPAVERGPLRCOMPLRd oF° Rk 2 GTSRtoregpens éﬁeuageth?h1%wg%trut.
The outer ends of each thin strut 168 are pivotably coupled to the next
adj acent tPiRKCcREERFULS 66 Tha PRASIHE GaFeffi 6ACE7P2EKaPE nBYin oPfiUte a
bal | and socket. As the plurality of cells are noved fromthe contracted
state il Raét Pﬁ?eElVﬁtﬁDblar‘éOW]@g &a e loxsanasdashuent48egion ubé2 aafed in
‘Figure 27B, thin struts 168 flex or deform as
. the next upwardly adjacent thick strut 152. It should be noted

that positional terms such as upper and lower or merely used to
facilitate explanation of the location of various features
relative to the figures provided and should not be construed as

limiting."

In anothér embodiment illﬁstrated in Figures 27A and 27B, a..
plﬁrality of expandable cells, labeled with reference numeral
164, each comprise a thick strut 166_ahd.one or more thin struts
168. Each thick.strut 166 is generélly arcuate and'connected to
a Correspoﬁding thin strut 168 ét a fixed connection region 170
disposea at a.generally gentral location along the outer ér
convex portion of'the arcuate~thick strut. The outer ends éf
.each_thih strut 168'are_pivota51y doupled to the next adjacent
thick étrut 166 via a pivot connection 172 that_méy.cqmprise a

ball and socket.

.~ As the plurality of cells dre moved from the contracted

state illustrated in Figure 27A to the expanded state



their outer ends pivot at each pivot connection 172. As with many of the
ot her cells described herein, when the thin struts 168 nove past their
poi nt of greatest flexure, the stored spring energy tends to force the
cells 164 to their stable expanded state illustrated in Figure 27B. Thus,
as with the bistable cells illustrategsin Figures 26A and 26B, cells 164
nove. between a stable contracted state and a stabl e expanded state.

Anot her expandabl e cell enmbodinent is illustrated in Figures 28A and 28B.

In this ¢ L pent g -5 a8 2P angable scell 44] ' 0 i ck strut
176 and aﬂ?‘gig% st r‘jtljtlrg?BTb Each t'hitﬁuglt rstﬁfu%%Blﬁgs%géggﬁgf o?goe%ltgsg%BO t hat

are pivo e a_t.hi tput... r e, _a,given thigck-strut
may Eonprr':ﬁg&ei{ %‘9%% rgbqé %’olgﬁoe‘{]sa 15?%0 obﬁ?’\ggt ggﬁéggg%ngég%r n 87 Wi shaped
ends 180. Additianal | thin.strut 178 is.fixedly coupled to, adjacent

Ehi ok ot PAnE 4b et atfies (el R [dRpoibest RorRor.  wBaHnFGS B2im LrH 1 ¢ he
iIIustrag enbodi nent.__conprises three fixed_couplings 184 that alternate
bet ween g?a’&‘éﬁ? RIF KRG I Reiniy @ GreRteRtsTissrER; Ehe SSQEedatREneel | s

174 again are novable between _a stable contracted state as illustrated in

Fi gure 28RSEAY RISt tSgsmddte Ssdle 384 FPuSPPAFeB PRI Fi RandehB,

state illustrated in Figure 27B. ~Thus, as with the bistable
cells illustrated in Figures 26A and 26B, cells 164 move between

a stable contracted state and a stable expanded state.

Another expahdable cell.embodiment is iliustrated in
Figures 28A and 28B. 1In this embodiment, éach expandable'céll '
174 is formed bf a.thick strut 176 and a thin strﬁt 178. Each
thin strut 178 has a péir of ends 180 tﬁat are pivotably cbupled
to a thick strut. For example, a given thick strut may.comprise

- a pair of sockets 182 to pivotably receive pin or bail shaped
ends 180. .Additionally,'thin strut 178 is fixedly coupled to
adjacent thick struts 176 ih an algernating pattern. For
example, each cell in the illustrated embodiment comprises thrée
fixed couplings 184 that alternmate between adjacent thick struts
176. With this design( the éxpandable cells 174 again are
movable between a stable.contracted-state as illustrated in
Figure ZEA and a stable expanded state as illustrated in Figure

28B.



44 Wth reference to Figures 29A and 29B, another expandable cell design
Is illustrated. In this enbodi nent, each of a plurality of expandable
cells 186 conprises a thick strut 188 and at |east a pair of stacked thin .
struts 190, 192, respectively. Thin struts 190, 192 are generally di sposed
in a stacked orientation and connected by a |inking nenber 194. Thin.

strut 192 conprises a pair of ends 1984%ffixed to a ‘correspondi ng thick
strut 188. An internediate connection region 198 of thin strut 192 is
affixed to the next adjacent thick strut 188, as best illustrated in
Figure 29B. Thin strut 190, on the other hand, has unattached ends 200.

Ends 200 are captured in an abyttin ngage W th not ched i on 202
formed in t hVsErereffrsncg o F}ggrﬁg &ﬁ?‘cgngﬁgéBi%nooﬁ er a?’fﬁ’%(é‘{ja%qﬁs t he
plurality of expandable cells 186 are noved fromthe contracted state

i | | ust r acedl | desiguris 20dussnated -ex gon §bdSseRPRALIEREt 83T 9% Fi gure 298,
each pair of thin struts 190 and 192 deforns to a deflection point where
stored phergyitn eoheexpindahleucelils A8%i pPreEisas 2hehidk sEittt$&hre

noved past this deflection point, the stored energﬁ. isrel eased to-
facilitamedeapahsash afpaire akeldtacked hbin ekpah8edd9i at @2,

respectively. Thin struts 190, 192 are.generally disposed in a
stacked orieﬁtation and connected by a linking‘member 194. Thin-
strut 192 comprises a.pair of ends 196 affixed to a
corresponding thick strut 188. An intermediate connection
region 198 of thin strut 192 is affixed to the’next adjacent -
thick strut 188, as best illustrated in Figure'ZQB. Thin strut
190, on the other hand, has unattached endé 200. Ends 200 are
captured in an abutting engagement with a notched region 202
formed in the same thick strut_laé to which ends 196 are
affi#éd. As the plurality of expandable cells 186 are moved
from the contracted state iliustrated in Figure 29A to the
expanded state illustrated in Figure 293, each pair of thin
struts 190 and 192 deforms to a deflectioh point where stored
energy in the thin struts is maximi;ed. As the thin struts are
moved past this deflection point, the stored energy,is_réleased

to facilitate expansion of the cells to their expanded state._



45 O course, with any of these types of bistable cells, the degree of
expansion may be limted by an external barrier. For exanple, if the

bi stable cells are used to form a tubular, the tubular may be expanded
against a wellbore wall that prevents the cells fromnoving to their fully
expanded condition. Typically, the sizg of the tubular is selected to
permt expansion of the cells at |east past the point of nmaxinmm

def ormati on. Thus, depending on the material used, the cells may actually

cooperate to applap@sQuimandbyydbEecheder epbhéds of Wik 20a RelL1kherwel | bore
wal | . Referring generally to Figures 30A and 30B, another.. expandable

cel | desi @ise 1dd Uallsadn RAGpeXpandalhored Sibrfiiiriag 2 PALE Of

arcuate thin struts 206 pivotably coupled to a correspondi ng thick strut

208 at (YA tral.i d | | a _pi vet d 12.
Goneral |y ERR 1 & FRLELEBTLET TR G kol et BRe e R

‘ends 214 _th are pi.votably .cqupled to the xt_ad e t hi ck strut 208.
Pi vot end%u]?‘la{f%ﬁrﬁygf @éﬁ?%’ge ogﬁﬁap?ﬁ 3 V/%ff%?’i/e 3#aaf]b 'tgi‘i’rrgtVFBF@, such
as ball joints, pinjoints, etc. Rﬁrrovak ff each thin strut 206 is
prevent ed™B§ ‘é%]pfsb gk Jving R £heig fully expanded condition.

~ Typically, the size of the tubular is selected to.pé;mit
expansion of the cells at least past thé point of maximum
.deformation. Thus, depending on the material used, the cells
may actually cooperate to apply an butwafdly'diredted rédial

force against the wellbore wall.

Referring génerally to Figures 30A and 303, another._
expandable cell design is illustrated. Each exbandablé cell 204
cbmprises a pair of arcuate tﬁin struts 206 pivotably coupled to
a corresponding_thick.strut 208 ét a genefally ceﬁtralizéa
extended region 210 via pivot ends 212. Generally opposiﬁe
pivot ends 212, thin struts'206 comprise_puter pivot'ends 214
that are pivotably coupled to the next adjacent thick strut.208..
Pivot ends 212 and 214 can be formed in a variety of
configurations, such as ball joints, pin joints, etc. Removal
of each thin strut 206 is prevented by appropriate ligaments 216

and 218 dissted'at pivot ends 212 and 214, respectively. The



and 218 disposed at pivot ends 212 and 214, respectively. The 46 |iganents
216 and. 218 are coupl ed between the thin strut 206 and the correspondi ng
thick struts 208. In Figures 31A-31C, a different type of expandable cel
220 is illustrated. In this enbodinent, a thick strut 222 is coupled to
one or nore thin struts 224 by one or 4ggpre spring elements 226. In the
particul ar enbodinment illustrated, two spring elenents 226 are fornmed
generally in the shape'of a horn, wth the base of each horn connected to
t hi ck strlig@eehtand@ishend 2psobreactupbed batwded the tHhd mmdjtaoceén06 hand
strut 224. In this enbodinent, a thin strut 224 is connected to each

spring etgpaendrrfpdiaind kiRl ethupge2@@8: The two thin struts 224 are
coupled to each other through a center beam 230 and a pair of flexible
hi nges 232. As cells 220 are expanded froma contracted state, illustrated
in Figure 31A, to an expanded state, illustrated in Figure 31C, spring

I ts 226 f I | o ' '
?h?gegt fut . 22%:?;‘5;/%{50%%’ ;‘/B%-%'i@,séoﬁgf?é’féﬁ‘tg tyDE [ ex?éa?-ﬁgraﬁoﬁ'efs cdeg! 999

_ o not undergo substanti al mat | on ‘dur1 ng
moverrent { o { 0 GO A3t UrSkabhnb sl SR YAS B3 gT, SPring
coupled to one or more thin struts 224 by one of more.spring
elements 226. In the particular embodiment iilustrated, two
spring elements 226 are formed generally in the shape pf a horn,
With the base of each horn connécted to thick strut 222 and the
tip of each hérn coupled to.the adjacent thin strut.224. In
this embodiment, a thin strut 224 is connected fo each spring
element 226 by a flexible hinge 228. The two thin struts 224

are coupied to each other through a center beam 230 and a pair

of flexible hinges 232.

As cells 220 are expanded.from'a contracted staté,
illustrated.in Figure 31A, to an expanded state, illustrated in
Figure 31C, spring élements 226 flex outWardly and store spring
energy. With this design; thin struts 224'ty§ically do not
undergo substantial deformatidn during movement from.the

: contracted”sta;e to the ggpapded state. _Rather, sp;iqg_elements
226 are elastically deformed as they are forced outwardly during

movement of centér beam 230 from the contracted state to the



226 are elastically defornmed as they are forced outwardly during novenent
of .center beam 230 fromthe contracted state to the 47 expanded state.
When spring elenents 226 are flexed outwardly, they store spring energy at
| east to the point of maximum flexure illustrated in Figure 31B where thin
struts 224 are generally parallel with, thick strut 222. Once center beam
230 noves past this point of maxi numstored spring energy, spring

el ements 226 tend to rel ease the stored energy and nove inwardly, thereby

forcing thj ts-224 a e e - e d Lt Ol
I 11 ust rat%oa%rgés‘{&jis}al%%gur gﬂgﬁcg LE&?ﬁ%@%\é é‘)zfzii%ﬁ'ﬁgees gg%%aﬁg‘g%g%a?y’
facilitates th ivaoting of thin_struts, 224 fromt.he contracted state to
t he expan%é%’ s%etaqore? er&%&ngEeﬁgynagei?a%testr%ntl}es qulr&stoggf‘@&lfnﬁmﬁ gures 32A
and 32B._jn this design, luralit thick struts 236 ar coupled .
Foget her A%t i iduastatsda tnkinury ShR ivhet et BRGs S34cRPreal I y,
each thin-strut 238 is _coupled to two horn spring nenbers 240 to gernit
storage oFeReTRgH A2radd@ht ok BRaflgystawt <2 'eatbé‘rceeﬁ@"wrsPSF“&g 30
provi des added positive energy for opening cells 234 to their expanded-
posi t i ons™@Ees iRagfstitdSe @OiAtFPEUMexREN stored spring energy, spring
elements 226 tend to release the stored enefgy and move
inwardly, thereby forcing thin strﬁts.224 and center beam 230-to.
the expanded position illustrated best in Figure 3ic.
Deformation of hinges 228 and 232 fécilitates-the pivoting of

thin struts 224 from the contracted state to the expanded state.

A double horn cell design is illustfated in'Figures 32A and
32B. 1In this.design, a plurality of thick struts 236 are
coupled together via thin struts 238 and horn spring members
240. Specifically, each thin strut 238 is coupled to two horn
spring members 240 to permit storage of a gréater amount of
eﬁergy: This gfeater energy storage provides added positive
enérgy for opening cells 234 to their expanded positions as

illustrated in Figure 32B.

In the example illustrated, each double horn cell 234 has
two outer horn spring members 240, cOﬁpled to one thick strut

236, and two inner horn spring members 240, coupled to the next



In the exanple illustrated, each double horn cell 234 has two outer horn
spring menbers 240, coupled to one thick strut 236, and two inner horn
spring nmenbers 240, coupled to the next 48 adjacent thick strut 236. One
thin strut 238 is coupled to each cooperating pair of inner and outer horn
spring menbers via appropriate hingeggegions 242. Thus, as the double horn
cells 234 are noved fromthe contracted state illustrated .in Figure 32A
to the expanded state illustrated in Figure 32B, cooperating pairs of

i nner  and, UL A RPELRHE NBIDET Sord O£ Jlated3g0ubWabdbYeliors £QERt at
which the thin struts 238 are generally aligned. Subsequent to this point

of expansiomn egd,{]tﬁngg%gi§pg>%n9nn@”§§a Sotdd: t?’ﬁ&'éfs‘ std}ibgjuﬁﬁﬁ\ﬁeﬁrgevgéor ed

spring ener ce in struts 238 towards the y expanded st ate.
O her.forns of spring.elenments alsg,may he utilized i cilitati
expansioﬁaQRrQPRﬁﬂﬁeégﬂngﬁ ESPF°?§p%%£?F&$n5¥aﬁb é%e F%upﬁ%ub8r§3c gﬂs
expandabl ell 244 is illustrated in whjc adj.acent thick,struts 246 are
ool ed 1534 T8 AU Eroms thy HONHFIFERb LA IR ALHARG ABrBoPEr S50
Spring nmenbers 250 may be _coil ed,  undul ating or arrangsg along ot her gaths
that ~acctfoidattd: e 1fE g EFBRPNYL bFS IR TPS U SRS S Pofly t RROPSTAting

pairs of inner ana outer horn spring members 240 are flexed
outwardly to a point at which the thin struts 238 are generally -
aligned. Subsequent to this point of expansion, the horn spring
members.240.begin to release the storea spfing_energy and force

thin struts 238 towards the fully expanded state.

Other. forms of spring elements also may be utilized in
facilitating expansion of a vafietf of cell types. For exémple,
in Figure 33 an expandable cell 244 is illustrated in wﬁich.
-adjacentlthick strﬁts 246 are‘coupled to a thin strut 248 by a
different type of spring members 250. Spring members éSO may be
coiled, undulating or arranged along othef paths that
accommodate the Eransitioning of thih strut 248 from the

contracted state illustrated in Figure 33 to an expanded state.

Another type of spring systém is illustrated in Figure 34
as an expandable éell 252. A pair of thick struts 254 are

coupled by a pair of undulating thin struts 256. The design of



contracted state illustrated in Figure 33 to an expanded state. Another
type of. spring systemis illustrated in Figure 34 as an expandabl e cel
252. A pair of thick struts 254 are coupled by a pair of undulating thin
struts 256. The design of 49 thin struts 256 incorporates a plurality of
‘spring elenments 258 that both acconnnggte flexure of the thin struts 256
and expansion of the cell 252 by storing and then releasing spring .
energy. The spring energy is released.-as the thin struts transition past

© point gf maxi . fald
2 PO A TR HLEXULEOLOUPLES, Lk P Mo 08! B B0 spEhT o

t he overall device, e. I'n the expan a l'ocking

Techant STLIRY JS WLLLLERdheePE YO e clddindduale sl Lseloam

cont ract ing. 1'ng chanli sns naY De asSocCl ate

i ndi vidual cells, or they located ., at o r__mor osi tions, al ong
the exparfdRiE P& Cfet Iencgyggg%sb%ﬁ%%‘ﬂg &ﬁ’&et 61eiﬁgékpﬂgsﬁ’éi:ﬂ%ni sm
258 is illustrated. In this enbodi pent, a post 260 is_slidabl recei ved
in a cor rEEFRY nFhee E8EINg6SNeRTY ot % HeR 193 5Rb 2 i de éi‘tlé‘n&§rb)gﬁeral |y
transversely towards post 260. Specifically ratchet finger 264 conprises
an engagéﬁﬁﬁﬁdéﬁdngggsﬁhatppégpdgg maximum flexure towards the fully

expanded state.

To secure the overall devi;e, e.g. tubuiar, in the expanded
position, a locking mechanism may'be utiiized to prevent the
individual cells_from.contracting. Exemblary 1ocking-mechénisms
may be associated with individual cells, or they may be 1océted
at one or more positions along the expandable device. in
Figures 35A;$5D, one type of locking mechanism 258 is
illustrated. In this embodiment, a post 260 is slidably
received in a corresponding recess 262. A ratchet finger 264
extends genefaliy transversely towards post 260. jsﬁecifically,
ratchet finger 264 comprises an engagement end 266 that resides
in a.receséed'area 268 of post 260 when the overall device and
locking mechanism.258 are in a contrécted state, as illustrated

in Figure 35A.

As the device, e.g. tubulaf, is expanded,_rétcheﬁ finger

264 is flexed away from an adjacent support surface 270, as



in a. recessed area 268 .of post 260 when the overall device and | ocking
“mechanism 258 are in a contracted state, as illustrated in Figure 35A As
the device, e.g. tubular, is expanded, ratchet finger 264 is flexed away
from an adj acent support surface 270, as 50 illustrated best in Figure
35D. The ratchet finger 264 continuesggo slide along the side of post 260
"as.the device is expanded to a maxi num degree illustrated in Figure 35C
Wien the expansion force is relaxed, any substantial novenent of post 260

tovards the)coptiacd e RoSi k9Guls QBBQke@thréeéﬁé\?tff‘Agl&erzs42641 as

illustrated 1n Figure 35D. As post 260 attenpts to nove ™ towards its

t t ' [o I ¥ i,nt i nterf [
enoagonent it Bifes DEMIEICISG SR8 L2l SFTElas 1480 Ak, 5By AP 85570
limts th t of t.chet . fi 64 i t he, t ting di- ti
The ; de SEPRIGRE (K% TGO TR, ERRAR: ShIVREFREES i HOIOUrR doFer | MGReat ures
that aid igﬁ $reven1in novenent ﬁ%ﬁEOSt 260 back towards the contracted '

e

state. Anb XA PSS RPN g ® dni SRY 298Pt ia s MoxeRgntn oL Fpgak es

36A-36D.. In this enbodinent, a fork ratchet 274 is
260 towards the contracted position is blocked by ratchet finger

264, as illustraﬁéd in Figure 35D;  As post 260 attempts to move
towards ité'contracted state, enéagement end 260 is pressed
firmly into interfering engagemenﬁ with the siae of post 260.
Additionally; support surface 27Q limité ﬁhe movement of ratchet
finger“264 in the contracting.airection. The side wall of post
260 may comprise teeth or other interféring features that aid in
preventing movement of post 260 back towards the contracted.

state.

Another exemplary locking mechanism 272 is.illustrated in
Figures 36A-36D. In this embodiment, a fork ratchet 274 is
formed in the expandable device, such as in the wall of an
expandable tubular. Fork ratchet 274 comprises a pair of prongs
276 that each have a divergent end 278. In the contrécted
state, prongs 276 are receivgd.in an opening 280 having a
generally hourglass shapelprofile;Z In Q;hef words, divergent

ends 278 reside in a divergent'or expanded portion 282 of



formed in the expandabl e device, such as. in the wall of an expandable
tubul ar. Fork ratchet 274 conprises a pair of prongs 276 that each have a
di vergent end 278. In the contracted state, prongs 276 are received in an
opening 280 having a generally hourglass shape profile.: In other words,
divergent ends 278 reside in a divergent or expanded portion 282 of 51
openi ng 280 and nust be pulled through a narrow or constricted portion 284
when t he deV|ce i's expanded. During expansion of the tubular or other

devi ce, - @grﬁso ol ipRs BB2,a1 Sed’ AR LN %qtsﬁ%ﬁtorf o8 gt&%kea 284

(see Flgures B and 36C.) Once prongs 276 are drawn clear o openi ng
280, the rge portlo 2 e: ag ng outwardly to their

nor mal d§&¥|6%1 84 W¥e %§§|?%X%ggdlgeéégﬁﬁﬂ%%rtlons 282 are wi der than
t he entrance to openlng 280, and fork ratchet 274 is prevented from
reentering opening 280. Thus, the overall device is held in its expanded

state. Anot her_exenpl ary Iockln nmechani sm 284 is illustrated in i gure
37. Locking metHEMS EERsiendesi jhed rarlas Mt o devissy elaelrsgnm n
the specific exanple illustrated, a slot 286 is forned between a pair of

spring e B2 SFeNdEAWR shrangk constricted region 284 (see

Figures 36B and 36C.) Once prongs 276 are drawn clear of
opening 280, the divergent portions 282 once aéain;spring
outwardly to their normal position. In this position, divergent
portions 282 are wider than the entrance to opening 280, and
ferk ratchee 274 is prevented from reen;efing opeﬁing 280.

Thus, the overall device is held in its expanded state.

Another exemplary lo¢king mechanism 284 is illuStretea'in
Figure 37. Locking mechanism 284 is designed fer use with horn
style cells.  In the specific example illustrated, a slot 286 is
formed between a pair of.sp;ing membef_horns 288 within a thick
strut 290 of an expandable cell 202. A wedge 294lextends from
an adjacent thick strut 296 into slot 286. As cell 292 is
expanded, wedge 294 is drawn outwardly through sloﬁ 286. The
size_of the Wedge tip 298 and slot outlet 300 are selected te
interfere when ceii 292;is-in_its expanded state. This prevents
flexing of_horns 288 towards slot 286 and thereby inhibits

collapse of the expanded cell.



strut 290 of an expandable cell 292. A wedge 294 extends from an adjacent
thi.ck strut 296. into slot 286. As cell 292 is expanded, wedge 294 is drawn
outwardly through slot 286. The size of the wedge tip 298 and sl ot outlet.
300 are selected to interfere when cell 292 is in its expanded state. This
prevents flexing of horns 288 towards $Iot 286 and thereby inhibits
col | apse of the expanded cell. 52 F@f% ring generally to Figures 38A-.41B, .
a variety of expandabl e cell and | ocking mechani sm-conbi nations are
illustrated. Wth specific reference to Figures 38A and 38B, one

enbodi nent of ' an expandable cell 302 conprises thick.struts 304 that are

coupl ed together. by.,thin stru 306 via spri nbers 308. Each :
t hi ck. strut 38&f85ﬁngsg§nﬁﬁﬁi§¥.?RN§%93§ ] g&#ﬁ&ig%aﬁcN@FlﬁFﬁg@ﬁs 310 that
slide along a correspondin ratchet surface 312 formed on expanded r-egi ons
of the tFFRANGEPIEsCSHE ?§8e1?$fﬁﬁ%e@ﬁﬁ%@nqﬁﬂ(ﬂﬂﬂpl§éFﬂ8§§ 8Y2 nmay

i ncorporate ratchet teeth to engage the end of the correspondi ng ratchet

finger 3idlussraked.exPakbapPectei¢ mfenenas &esiFiovmes BPAnRNEs38BNt ract ed

state, as illustrated in Figure 38A, to an expanded state, as : .
one embodiment of an expandable cell 302 comprises thick struts

304 that are coupled together by thin struts 306 via spring
membefs-308.f'Each thick strut-304-compriseé.dne or more, e.g.
two, ratchét fingers 310 that slide along alcorresponding
ratchet surface 312 formed on expanded regipns §f the thin

struts 306 (see Figure 38B).

Ratchet surface 312 hay iﬁcorporate fatéhet teeth to engége
-the end of the corresponding ratchet finger 310.. As the
expandable cell 302 is transitioned_from'its contracted state,'
as illustratéd in.Figﬁre 38A,'to an expanded state, as
illustrated in Figure 38B, ratchet fingers 310 are flexed;away
from a suppo;t surface 314 while slidiﬁg élong cor?espdﬁding
ratchet surfaces 312. The gnds of the ratchet fingers 310 do
not allow sliding motion of correspopding ratdhet'suffaées 312
back towards thelcontracted state; Furﬁhérmorel support
surfaces 314 may be relied on to”iimit gny'fle%ing_pﬁlfingers
310 back towards the contracted position. ' Thus, when the l

expandable cell in its expanded state} each of the ratchet



Illustrated in Figure 38B, ratchet fingers 310 are flexed away froma
support. surface 314 while sliding along corresponding ratchet surfaces
'312. The ends of the ratchet fingers 310 do not allow sliding notion of
correspondi ng ratchet surfaces 312 back towards the contracted state.
Furthernore, support surfaces 314 nmaybg relied on to limt any flexing of
fingers 310 back towards the contracted position. :Thus, when the
expandabl e cell in its expanded state, each of the ratchet 53 fingers 310

acts agai r i : che ' P e |1

agai nst co ga%ssgglﬁgﬁot er a«%%’&g‘%}tngnkog?é%ﬁéﬁg%%e%n%%ﬁ%I.%é]{]‘fréa({]eedﬁ ?n e gure
39 and utjlizes finge i he _f.or f ratchet pawls 316. In this

enbodi men éﬁégéﬁlééﬁhﬁég; %g%l%Fg ng;gasgh an appropriate thick strut 304

by creating an open area 318 configured to receive a corresponding portion
320 of thin strut 306 when in the contracted position. Each ratchet paw

- 316 may conprise luraljty of teeth 322 posjtioned to engage .
cor r espondi ng %%?Ipwoé%f‘éﬁ‘&i RG ERBnEBBEERONS S:Ebl.u%lﬁ‘%n’d} |NLguxer el j ef

cut 326 may be formed al ong ratchet pawl 316 _generally opposite open area
318. Reli#? @ W A9DISNORTENR BRI FOTB ©b FRkshel pawls 316. In

this embodiment, each ratchet pawl is formed in an appropriate
thick strut.304 by creating an opeﬁ area 318 configured to
receive a corresponding portion 320 of thin strut-306.when in
the contracted posiEion.'-Each ratchet paw1l316 may comprise a
plurality of teeth 322 positioneéd to engage correéponding teeth
324 extending from portidn 320. 'Additionally, a relief cut 326
ﬁay be formed along ratchet pawl 316 genérally opposite open
a;ea 318. Relief cut 326-allows raﬁchet pawl 316 to flgx as
teeth 322 are dragged past teeth 324 during transition of the
cell frﬁm a contracted state to an expanded state. Teeth 322
and 324 are designed to prevent closure of the cell_once
expansion begins. Thus, the ratchet pawl 316 effectively
ratchets along portion.320 holding the cell at each additional
degree of expansion. As an alternative to teeth, the fatchet
pawl 316 and cooperating portion 320 may utilize other types of

interfering features to prevent contraction of the cell.



teeth 322 are dragged past teeth 324 during transition of the cell froma
~contracted state to an expanded state. Teeth 322 and 324 are designed to
prevent closure of the cell once expansion begins. Thus, the ratchet paw
316 effectively ratchets along portion 320 holding the-cell-at each

addi tional degree of expansion. As an alternative to teeth, the ratchet
pawl 316 and cooperating portion 320 ﬁ%& utilize other types of.

interfering features to prevent contraction of the cell. 54 The | ocking
mechani sns al efeMYcREnyShdchdn FQRAPS A4 Mhyild) A Idak %%@L&iokh%‘ eBr S
not necessarily bistable cells. For exanple, in Fig Z0R AR eXpands

e e v s s
struts 3%5%?‘%&% SH] %gglégfg)a%%b}f% FFda a?trioa?ﬁ efﬁgﬁﬁéﬁeﬁgél g

iIIustratﬁ % Eégﬁ Oﬁa a lockin hansnl 36 may be comnbi ned mnth
each expadshl & fSP38[T HP PReTP miASTRRSex fXRGabl e cells for
each | ocki ng nmechani sg1 336. | th| s, enbodi nent_,_ | ocki ng mechani sm 336
conprlse§ & EFatlon etween t thick struts 334 to which it is

connected. A locking mechanism 336 cooperates with one or more
of the expandable thin struts 332 to hold.the eipandable cells
330, at'an.expanded position. As illustrated in Figure 40B, a
locking medhahism 336 may be combined with each expandable cell
330, or there may be multiple expandable éells for each locking

mechanism 336.

In this embodiment; locking mechanism 336 comprises a pést'

338 having external ﬁeeth 340. Post 338 is slidably recéiﬁed
w1th1n an opening 342 deflned by one or more flex1ble flngers
344 having engagement tips 346 that engage teeth 340. Flngers
344 flex outwardly to allow teeth 340 to sllde past engégement
tips 346 as the cell is expanded, but engagemént tips 346
prévent post 338'frqm moving infa direction towﬁrds.the-
contracted stéte. 'Thus; once expandable cell 330 is éxpanded,

locking mechanism 336 prevents contraction of the cell.



338 having external teeth 340. Post 338 is slidably received wthin an
openi ng: 342 defined by one or nore flexible fingers 344 having engagenent
tips 346 that engage teeth 340. Fingers 344 flex outwardly to allow teeth
340 to slide past engagenent tips 346 as the cell is expanded, but
engagenent tips 346 prevent post-338.romnoving in a direction towards.

-the contracted state. Thus, once expandable cell 330 i's expanded, Iockihg
mechani sm 336 prevents contraction of the cell. 55 A simlar design is
lustrated |8 ELQU£S dddignt #10 1 uHU-% 000 50N raBUbLACE 1hNEnAXREROAD! ©
cell- descrlbed with reference to Figure 40A and a [ocki ng nmechanism of.the-

t b Fi , th t expandabl e
ype  0eaRiLDadsLon LG Ated Confég;ctg}iﬁtea{%%u %]eB'cEEBEH ¥igh

cells 330 are nove ustrated in Figure 41A to

the expagded shatech! bishiatfth idha | Gy D nehEnttR B8N Engt ¥ o thin
i oM 88 FRentTRe I

strut I s expande aneous y, prongs are rom _

Cor PG, R %@ G YN PSR e Tork e

AR Rl B Tt e N
illustrated in Figure 41A to the expanded state illustrated in
Figure 41B, fhe wishbone styvle thin.strut is expanded.
Simultaﬁeouslf, prongs 276 are pu;led.from their corresponding
epenfng'ZBO to a position that prevents reentry of fork 274 into
.opening 280. The locking mechanism may be desigﬂed such that
prqngs'276 are withdrawn from and blocked frem reentering
opening 280. Alfernatively, prongs 276 may be designed for'.
interference with corresponding feeth or bther interfering_
features 350 disposed along the outer limit of_each-opening 280

to prevent return movement of prongs 276 into_opening_280.

It also should be noted that expandable dev1ces, such es-
expandable tubulars, can be formed w1th a variety of cells and
locking mechanisms-hav;ng differing configurations, such as
changes in size or fype,.as illustrated séhematicallj iﬁ Figure
42. For example, by stacking cells of differentflength or’
eccentric offset in a sheet or tube, it is.possible to.deSign an

opening bias into the structure. -The expandable device may be



interference with corresponding teeth or other interfering. features 350
di sposed along the outer limt of each opening 280 to prevent return
movenent of . prongs 276 into opening 280. It also should be noted that
expandabl e devi ces, such as expandable tubulars, can be forned with a
variety of cells and [ocking nmechani ggs having differing configurations,
such as changes in size or type, as illustrated schematically in Figure
42. For exanple, by stacking cells of different length or, eccentric

of fset | Red3igheRItOTal g cdritdin PRSI bife cklldesbgbpan pppeni By dtirs i nto
the structure. The expandabl e device may be 56- designed to allow certain

rows of eglikScbO-0PER & | fr tdhePldRANs k@WepRh ¢! hSppeabeerhigegel I's to
open in a predetern1ned pattern or at a predetermned rate. In Figure 42,

for exa Ng ryse e ng@ghg ells
354. n%é@terﬁ ?feren roms é%%’ av%aggyrstgfﬁéPP¥%r?%g fgﬁgths %% g.
cells 356, 358 a 60 Thi s Q | o] or to
SG ormog rg@agadbﬁ gevite 1 Wnfied gowgf Exghlan1l 0c0Pe0 44 or 1o
| ength of_ the cel fects the f o] and th

| ncor por &P ﬁ&eﬁrf‘flégéﬁfeﬁ"bvﬁmﬁ 3%%?\% &lgn 5—? 8 gﬁf%gdgv?%léh%’l | ows the -
-user to Epgw Lgelgagss 358 and 360. This allows certaln rows of cells

to open prior to adjoihing rows of cells, because, at least with
certain celi designs, the length of.the cell affects the'force
required to expand the cell; _Incorporatihg diffe:ent.rows of
cells into an exhandable'device allows the:qser'to;know the rate
of expansion for'é giveh deployhent'fbrce.and facilitatet the
design of devices'having_cells which.open in a predetermined
sequgncé. Additionall&, the.use of differént'types oﬁlceils can
improve cohpliance of the expandable device whén:the déployment

force is not unifbrm along the length of the device.

It_Willlbe unaerstobd_that the_fhregping descriﬁtion is'hf
exemplary eﬁbodiments of this invention, and that the.ihvention
.is not limited to'the Specific forms shown. For example,'the'
expandhble célls can:be comhined'inth a variéty of'tubulars and
other expandable structures, the 51ze and shape of the
expandable cells and locklng.mechanlsms can be.adjusted the

types of material utilized can be changed_dependlng_on the



of expansion for a given deploynment force and facilitates the design of
devices- having cells which open in a predeterm ned sequence. Addltlonally
the use of different types of cells can inprove conpliance of the
expandabl e devi ce when.the depl oyment - force is not uniformalong the:

I ength of the device. It will be Unde étood that the f.oregoing. descrlptlon'
is of exenplary enbodi nents of this Pnvention, and that the invention - is

not limted to the specific forms shown. ‘For exanple the expandable cells =

can be cBRBFAEHCI ARPRLCHBEIRL \anl at vhutiaty afidmeehbal sexpPARgaBheysed to
structures;.the size . and shape of -the - expandabl e cells and’.locking T
mechani sREPERS Bee aelplibt ed;Aliste thepearabusateLial cihi bbzedrral Bg ghanged
dependi ng on the 57 specific application, and a variety of, mechahi sms. may .
be used Y@rleﬁbamﬂ temhrtieflés Lﬁciudlhbelaaér0@§tt§§§Is 89”c9€t18#h med by a.
variety of .techniques including laser cutting, jet cutfing,: ter jet

cutting mdentjm durtiaig @hd %h@k%6§maﬂ_béﬁet@a]% n@ﬁ%‘ r%p%%%‘l?catédons may
Wi

be. made-in-the design-and arrangenent of epartlng
fr omdstIfIGerSQﬂtiElﬂfcattﬁQ)rian@&t b@nmadéslrexﬂqgséggl Ny athc? agpended claims

.58 ngement of §

the elements w:.thout departlng from the scope of the 1nvent10n |

‘as expressed in- the appended cla:Lms



liiil HE 121111 11 11l CL MS CLAIMS WHAT IS CLAIMED I S: 1. An expandabl e
devi ce,. conprising: an expansion nenber having a plurality of cells that
are expandabl e froma cl osed position to an open position, each cel

having a thin strut pivotably coupled to a thick strut. 2. The expandabl e
devi ce as recited in'rlain11 wherein58t he thin strut and the thick strut
of each cell ar led by a pin joint. 3. The expandabl e
device as reC|t ereln the thin strut and the thick strut
of each cell a Ied by & !a g and socket joint. 4. The
expandabl e deV|ce as reC|ted in claiml; the thin strut is coupled
between a fixed end and a pivotable end. CL 59 5. The expandabl e devi ce
as recited in claim1, ' wherein the expansi on nmenber .conprises a tubul ar

t hat under goewHARIISI CLAEMSISXN during expansion of the plurality. of

cel |'s.

1. An expandable device, comprising:

an expansion member having a plurality of cells that
are expandable from a closed position to an open
position, each cell having a thin strut pivotably

coupled to a thick strut.

2. The expandable device as recited in claim 1, wherein
the thin strut and the thick strut of each cell are pivotably

coupled by a pin joint.

3. The expandable device as recited in claim 1, wherein
the thin strut and the thick strut of each cell are'pivotably

coupled by a ball and socket joint.

4, The expandable device as recited in claim 1, wherein
the thin strut is coupled between a fixed end and a pivotable

end.



6. An eXpandabIe device , conprising: an expansion nenber having a
plurality of cells that are expandable froma closed position to an open
posi tion, malltﬁ of cells <conprising a thick strut, a first

|t2| (r;l :ut rnug amﬂi“ﬂlﬁm\tﬂﬁm‘mﬂ trut. 7. The expandabl e devi ce. as reci ted

thin s I's physically connected to the
second thick strut dnd"thé second th strut I's disposed in abutting
engagenent. with the thick strut. 8. The expandabl e device as reC| ted in
claim6, wheregin lrPeflrst rut andthes cond Lhtn tr ar.e
general |y - patal I foﬁ]l"éiagiﬁ ABFE 8§VF8815§ r%i tedttnt e ?‘r"f%m |
wher ei n he first thrn trut is l,onger than_the second._thin str c&

'IT1 VL1 FBD FRRARTiq maien qonpri Peon FHECAREQRARE WI9eRRees AA0iad ted i n

claim®6, wherejn the expansi on nenber conprises,a tubular., 11. An -
expandabfBEPRTI e AWGHRT inapsisn ofpihs AurakbEY Ahveabla: plurality of
cells that are expandable froma closed-position to an open

6. An expandable device , comprising:_

an expansion mEmber haVing a pluralitf of cells that
are expandable from a closed position to an opeﬁ

~ position, each of the.piurality'of cells
comprising a thick strut, a first thin etrut and

a second thin strut.

7. The expandabie device as recited in claim 6, wherein
the first thin strut is physically connected to the second thick
strut and the second thin strut is disposed in abutting

engagement with the thick strut.

8. The expandable device as recited in claim 6, wherein
the first thin strut and the second thin strut are generally

parallel.

9. The expandable device as recited in claim 6, wherein

the first thin strut is longer than the second thin strut.



position, each of the pIuraLify of cells- conprising a spring nenber to
hol.d the cell in the open position. 12. The expandabl e device as recited
inclaimll, wherein the spritng nenber conprises a horn. 13.- The

expandabl e devi i gy cl @im 11, wherein the spring nenber - -
conprises a pal\ﬂi\mnwi‘w[\\“ﬁmhhe expgndabl e ‘device as recited in-claim
13, wherein a rue asnd #.thick.strut extend between the pair of '
horns. 15. The expandabl e device as recited in claim 11, wherein
each.cel|l conprises-a double horn cell. 61 * CL MS 16. The expandabl e

~ device-as recited inclai'm1l; wherein each spring menber conprises an

undul ati ng sprlng mber. 17. .The, expandabl e device as recited . in Qlain1il,
wherein . the %Q‘par{'ﬂg%leé‘ﬂ?@?ﬂ?@rleca?ﬂrlic&?sar?ﬁbﬁ?ér“P h%\Jca’dﬁoé:'r géwreingi al
expansion durin eﬁpansi n of then-pluraligg of cells. 18. An expandabl e
devi ce, & ﬂp?¥%$%ﬁﬁ -1a SBR=HSRSeP RU9RMBTa plurality of cells that

are. expandabl e froma closed position to-an open

1l1. An expandable device,_compriéing:

an expansion member'héviﬁg a ﬁlurality pf'éells'ﬁhat
are expandable ffom a CIosed;bosition.tb an 6pen
positiqn, each of the'plurality of cellsf
comprisinglé spring mémbef'tb hold the cell in

the open position.

12. The expandable device as recited in ciaim 11, wherein

the spring member comprises a horn.

13. The expaﬁdable device as recited in claim 11, wherein

the spring member comprises a pair of horns.

14. The expandable device as recitediin‘claim 13, wherein

a thin strut and a thick strut extend betweeh thé-pair'of horns.

15.  The expandable device aé'recited in claim 11, wherein

each cell comprises a double horn cell.



position, each of the plurality of cells conprising a thick strut and a
thin strut, the thin strut having a plurality of flexible joints. 19. The
expandabl e device as recited in claim18, wherein each flexible joint
conpri ses a thinned region. 20. The expandabl e device as recited in claim -
19, wherein i on undeggoes pl astic deformation durin
expansi on frlclmﬂmmﬂmum Iuml tion tors'(fihe open position.. rLlI rrll~ E]-~rl r

Il ~rrl 62 MSx%21" The éxpandable device as recited in cIa|n118 -

wherein the expansion nmenber conprises a tubular. 22: An . -
expandable devi ce, conprising: an expansi-on nenber havi ng a pIurallty of -

| I's that dabl l,
cach cel | haﬁige‘ﬂﬁ”.e%pa%ciab‘i?oée%l"se? 328 E%ﬁ?rﬁa@e@qf’gaﬁ%ﬁ” 2.
The expandaﬁle devi c s recited in } the thin strut and
the thi cR2SErTRT 19 e(?‘el‘i""lﬁrésﬁlsv&f‘ak}lf‘?u éBhB?eﬁP’B&n% ’B‘?‘PP?%1 nt. 24. The

expandabl e devi ce as“reC|ted in clayn121 wher ei n

17. - The expandable device as recited in claim 11, wherein .
the expandable member comprises a tubular that undergoes radial

expansion during expansion of the plurality of cells.
i8. An expandable.devicé, comprising:

aﬁ'expansiqn member having a'piurality of celis.that'
are_expandable'ffom a-clbsed'position-to an open
position, each of the plurality of cells
_compriéing a tﬁick'strut_and é thin Strut, thg

 thin strut having a plurality of flexible joints?

19. The expandable device as recited in claim 18, wherein

each flexible joint comprises a thinned region.-

20. The expandable device as recited in claim 19, wherein
each thinned region undergoes plastic deformation during -

expansion from the closed position to the open position.



‘the thin strut ‘and the thick strut of each cell are pivotably coupl ed by a

bal.l and sock‘T‘TTnTﬁ——égi_;Ih__expandable device as recited :in claim 21,
wherein the t vﬂﬂ is coupled between a fixed end and a pivotabl e

end. 26. A net muiLa device, conprising: | 11"~ 111111111
LE 1" 11’ 6 3 <cred I lity ofgobistable cells in a wall of the

devi ce by coupling th|n sttuts to corresponding thick struts through hinge
joints; and applying an expansion force to the wall in a dlrectlon t hat.

transitions the plgpal é;q}ga ﬁ ﬂgiét@g}ecech; Srecf g 3 %E%urt% at e to an

expanded state. 27. The as recite |n cla m 2 |%|ng

form ng %hglg&ﬁghg%oﬂmﬂgﬂggfquggflng Hhisne wall. 28. The nethod as

recited in clarm erelrn cr conprlses coupling each th|n strut
to a corresponding thick strut through a pivotable hinge joint. 29. The
met hod as recited in claim 26, mherein creating conprlses coupllng each

thin strut to,g Coﬁnesgg éggl ev1ce, comprising:

an expansion member having a'plurality'éf cells‘that
are expandable from a. closed position to an open
position, each cell having a thin strut coupled

to a thick strut by a ligamént.

23. The expandable device as recited in claim 21, wherein
the thin strut and the thick strut of each cell are pivotably

coupled by a pin joint.

24. The expandable device as reéited in claim 21, wherein -
the thin strut and the thick strut of each cell are pivotably

coupled by a ball and socket joint.
25. The expandable device as recited in claim 21, ﬁhereih
the thin strut is coupled between a fixed end and a pivotable

end.

26. A method of expanding a device, comprising:



strut through a flexible hinge joint. 30. The nethod as recited in claim
26, wherein creating conprises coupling each thin strut to a correspondi ng
thick * C L MS64 —strut—by—a-hinge joint having a plastically deformable

t hi nned regl The nmet hod as recited in claim26, wherein creating
conprises cr muuamqul 'ﬂ‘ ty of bistable cells in a tubular. 32. The
nmet hod as reci mhereln appl ying conpri ses applylng a force
in aradially outward dlrectlon 33. The nethod as recited in claim 26,
further conprising coupling at |least one thin strut to the at |east one
thick strut by a spring nmenber.” 34. The nethod as recited in claim 26,

further conprising%rég%gﬁlrg; ur_ﬁg%; ane tQEQ ggig% o %gﬁﬁ?%@#ﬁasg one

thick strut by a horn s

expandabl e nenber havi Iuralk%y gel bhat are expandabl e fron1a
cl osed position to an o ?\ PosiT i ipe,E FPt?tﬁFtEeF s conprising
cells -

correspondlng thick struts through hinge joints;

and

applying an expansion force to the wall in a direction
that transitions the plurality of bistable cells

from a contracted state to an expanded state.

27. The method as recited in claim 26, further éomprising

forming a plurality of locking mechanisms in the wall.

28. The method as recited in claim'26,-wherein creating
comprises coupling each thin strut to a corresponding thick

strut through a pivotable hinge joint.

29. The method as recited in claim 26, wherein creating
comprises coupling each thin strut to a corresponding thick

strut through a flexible hinge joint.

30. Thé.method as recited in claim 26, wherein éreating_

comprisés coupling each thin strut to a cbrresponding thick



of differing_sizes. 6 5 11111111 111111 ~~~~~ 11111 1l IN 36. The

apparatus as recited in claim35, wherein the .expandable nenber conprises
a tubular ?ﬂ!“ﬂ“ﬂﬂ'ﬂm,nlﬂﬂu conpri sing: an expandabl e nmenber having a '
plurallty of expandabl e froma closed position to. an open
posi tion,' t he plurallty of *cells conpa*glng cell's of differing _

configurations. 38. The apparatus of im37, wherein the expandabl e
menber conprises a tubular. 39. An expandable device for use in a mellbore

|, k
mechan SaEstnarae: RuAge fofht ide X SARURTLS SeineBle. BnetiSy S oo

40. The exgandable devi ce as reC|ted I n cIa|n139 mhereln .the I ocking.
nechanlsﬁ &ﬁBrlses a ratchet mechani sm '

31.  The method as recited in claim 26, wherein creating

comprises creating the plurality of bistable cells in a tubular.

32." The method as recited in claim 31, wherein applying

comprises applying a force in a radially outward direction.

33. The method as recited in claim 26, further comprising
coupling at least one thin strut to the at least one thick strut

by a spring member.

34. The method as recited in claim 26, further comprising
coupling at least one thin strut to the at least one thick strut

by a horn spring member.
' 35. An apparatus, comprising:

an expandable member having a plurality of cells that
are éxpanaable from a closed positioﬁ to an open -
position, the'piurality of cells comprising cells

of differing sizes.



41. The expandabl e device as recited in claim39, wherein the plurality of
cells conprises bistable cells. 42. The expandabl e device as recited in
claim 39, wherein each cell of the plurality of cells conprises a thick
strut and—athim strut. 43. The-expandabl e device as recited in claim 39,

~wherein t I pandabl e |I's are arranged i'n a tubular. 44.
The expandgﬂlulﬂmi“nmlmmﬂti ted in c gi m 40, wherein the ratchet mechani sm
conprises a firfgerr r8tchet” 45. The expandabl e device as recited in.claim

40, .wherein the ratchet mechani sm-conprises a fork ratchet.. 46. The
expandabl e device -as recited in claim40, wherein the ratchet nechanism

conprises a dge,.* CL MIJILI"II1I1]) 67 ,47.. The pandabl.e device as o
recited i n cP&i'm 382 GRBAERRUS A8 HFRRHTe flqfﬁ}ﬁﬁ“hﬁgﬁif§PQH?¥9er§ conpri ses
a wi shbone cel | .. 48. The expandabl e device as recited in claim39, wherein

the pl uriPaRyiabl e BERREELFETREL PES RNPIFEE expandabl e cell's of di ffering

sizes. 49. The expandabl e device as recited in claim39, wherein

37. An apparatus, comprising: =

an expahdable memberihaving a plurality of cells that
are_exPandable from a closed position to an open
position,'the plurality.of cells compfising cells

of differing configufations.

' 38. The apparatus ‘of claim 37, wherein thé'expandéble'

member comprises a tubular.

39. An expandable device for use in a wellbore

environment, comprising:
a plurality of expandable cells; and

a locking mechanism to hold the plurality of cells in

an expanded state.



t he rat chet nechani j a ratchet paw and correspondi ng teeth.
0.. The:- expandabl e device a ecited in claim39, wherein the |ocking
i

50.
nechanlsnlcOKHM“ﬁ Hu! y of locking mechanisns in which an
i ndi vi dual A

s associ-ated with each expandable. cell. 51
A et hod of expandlng a device, conpriging: fornming a plurality
of -expandable cells in a wall of the device; expanding the plurality of

expandabl e cells; and 1111111111111211111111222 k1 | i * CL MS * 6 8

| ocking the phUra|T$¥ Sdandali R 1cR) E% B3R edeXRAPISILP9S i R0

| ocki ng mechani sm f orne in the wall. . “The met hod as recited |n C alm
51, wher eh8 hoeking nEQNRiSf Sodigl:didg tah%aetcﬂgg hbnghigglls In an -
expanded position a plurality of ratchet fingers . The nethod as

recited in cIa|n152, mhereln | ocking ‘conprises holding the plurality of
cells in an expanded position w'th a plurality of ‘I ocking posts.

41. The expandable device as recited in claim 39, whereiﬁ

the plurality of cells_éompriSes biétablé cells.

42. The expandable device as recited in claim 39, wherein
each cell of the pluraiity of éells comprises a thick strut and

a thin strut.

43. The expandable device as recited in claim 39, whereln

the plurality of expandable cells are arranged in a tubular.

44. The expandable device as recited in claim 40, wherein

the ratchet mechanism comprises a finger -ratchet.

45. The expandable device as recited in ¢laim 40,.whé£ein

the ratchet mechanism comprises a fork ratchet.

46. The expandable-device as recited in claim 40, wherein

the ratchet mechanism comprises a wedge.



54. The method as recited in claimb51, wherein locking conprises holding

‘the pl uralltmanded position wth a plurality of fork

rat chets. ”"’"”m 'mi ited in claimb5l, wherein formng conprises
form ng the pl ﬂ "ﬁnmwéam e cells in a tubular. 56. The nethod as
recited in clai'm 51, wherei n+iormng @pnprises formng a plurality of

bi st abl e expandabl e cells. 11111111111111_1111111111111111- *CLMS* 69
57. A system for' expanding a tubular nenmber, conprising: -neans for ' '
creating a plgyali o) ]_gin% £ ubgll ns for
‘expandi ng the&{ﬂ ur'faeft;?c E?i%?'taq%@lggl PQ gfercglrenlag g%n{:ir]%]é eéd)é]sta"gt ee %wards :
an expan s{ate ans .for preventing the Iurallt of bistable
cells fg%%‘re iuI?nci’fngt % I%mﬁeln‘af:l()ln r act gg‘ﬂtsaf:gmpgés Fha. W%/%‘%(lé?ﬁl%s Fetited in
claim57, wherein the nmeans for creating conprises a desited cell profile
formed through the wall. . ' A o o

48. ' The expandable device as recited in claim 39, wherein
the plurality of expandable cells comprises expandable.cells of

differing sizes.

49. The expandable device as recited in claim 39, wherein
the ratchet mechanism comprises a ratchet pawl and correspoﬁding

Eeeth.

50. The expandable'device as recited in claim 39, wherein
the locking mechanism comprises a plurality of locking
mechanisms in which an individual locking mechanism is
associated with each expandable cell.

51. A method of expanding a device, comprising:

forming a plurality'of-éxpandable'cells in'a wall of

the device;

expanding the plurality of ekpandable cells; and



59. The system as reC|ted in claim57, wherein the neans for expanding

conpr|ses a
in claimb57,
spring nenber

rrrli

| ongi t udi nal

-1 ocki ng” the tubul%?

extendi ng between adj acent |ongitudinal struts.

i M o

cell s disposed along | ongi tudi nal str

i-bl e th|n st

ate

-for use in a mellbore

ruts.

60. The systemas recited

for expanding conprises a plurality of :
of expanding a tubular, conprising:. Illill

ng a tubular with a plurality of

s; .and noving at |east two-
struts longitudinally wth respect to each other to.expand

t he tubul ar. The., net hod Jted
SR SR S ret:

n clq %ﬁ t her conpr|3|ng
e cﬁﬁ&sa% rgclted in

claim62,: wherein |l'ockin C rlses e |n rti.on af on

| ongi tudi nal strut wi Fﬁpgﬂ% ‘8 tél%t"gﬁg} ﬁgél@t n&ﬁ“‘al’%BF’ﬂ%‘g

| ongi tudi nal strut. 64. The ne od as recited in cIa|n161 further

conprising forming eath BR et%% turality of cells with a thin strut

65. An expandabl e device

52. The method as rec1ted in claim 51, whereln locklng

comprises holdlng the plurality of

cells

with a plurality of ratchet fingers.

53. The method as reéited in
comprises holding the plurality of

with a plurality of locking posts.
‘54, The method as recited in
comprises holding the plurality of

with a plurality of fork ratchets.

55.. The method as recited in

comprises forming the plurality of

tubular.

56. The method as recited in

claim

cells

claim

cells

claim

in an expanded position

52, wherein locking

in an expanded position

51, whefein ioéking

in an expanded position

51, wherein forming

expandable cells in a

claim

51, wherein forming

comprises forming a plurality of bistable expandable cells.



conprising: | PUIIEE 1111111111111112111211 L M S 71 a tubular having a
plLurality of*#ongftud%na#-s%fu%s and a-plurality of thin struts connecti ng

the |ongitudi ein relative |ongitudinal novenent of the
| ongi t udi nal ﬂﬂ " I ﬂ ﬁ di al - expansion of the tubular. 66. The.
expandabl e devwcecaSLrGC| d+I'n claizg 65, further conprising a |ocking

mechanismto hold the tubular in an “expanded state. 67. The expandabl e
device as recited in claim65, wherein the |ocking nechanlsn1conpr|ses a

rat chet ”ECh Ri Sy g?stgmefggp@QﬁEﬁ&fhéké”éH§&¥éf IQO&% a p?érallty

wherein eac ratch nechanlsn1conpr|ses a ftinger ér
of ratchet-teeth di sposed on'adjacent. |ongitudinal struts.

means for creating a plurality of bistable éeils in a

wall of the tubular{

means for expanding the plurality of bistable cells
from a contracted state towards an expanded

state; and

means for preventlng the plurallty of blstable cells

from returning to the contracted state
58. The system as recited in claim 57, wherein the means
for creating comprises a desired cell profile formed through the

wall.

59. The system as recited in claim 57, wherein the means

for expanding comprises a plurality of flexible thin struts.

60. The system as recited in claim 57, wherein the means

for expanding comprises a plurality of spring members.

61. A method of expanding a tubular, comprising:



e

R

providing a tubular with a plurality of cells disposed

along longitudinal struts; and

‘moving at least two loﬁgitudinal struts longitudinally

with respect to each other to. expand the tubular.

62. The method as recited in claim 61, further comprising

locking the tubular in.an expanded state.

63. The method as recited in claim 62, wherein locking
comprises engaging a finger portion of one longitudinal strut
with one or more ratchet teeth disposed on another longitudinal -

strut.

64. The method as recited in claim 61, further combrising
forming each of the plurality of cells with a thin strut

extending between adjacent longitudinal struts.

65. An expandable device for use in a wellbore,

comprising:



Ay

71

a tubula;_having a'plurality of 1ongitudinél struts
| and a plﬁrality of thin struﬁs'cdnnegting.fhe
lﬁngitudinéi_struté( wherein relatiVe _
longitudinal movémeﬁt of the longitudinal struts

causes radial expansion of the tubular.

66. The expandable device as recited‘ih claim 65, further
comprising a locking mechanism to hold the tubular in an

expanded state.

67. The expandable device as recited in claim 65, wherein

the locking mechanism comprises a ratchet mechanism.

68. The expandable device as recited in claim 67, wherein
each ratchet mechanism comprises a finger'ﬁember and a plurality

- of ratchet .teeth disposed on adjacent longitudinal struts.



