;e3ex1 "x.BI'6"T "1 10 June 2004 TECHNI QUE OF FORM NG EXPANDABLE DEVI CES
FROM CELLS THAT MAY BE TRANSI TI ONED BETWEEN A CONTRACTED STATE AND AN
EXPANDED STATE CROSS REFERENCE TO RELATED APPLI CATI ONS The following is
based on and clains the priority of provisional application nunber

60/ 261,749 filed January 16, 2001 and provisional applicatiqp pHERRH4

60/ 296, 875 filed June 8, 2001. FIELD GF THE I NVENTION This invention

rel ates generally to expandabl e devices, and particularly to devices forned
fromone or nore expandable cells that facilitate transition of the device

froma contracted egaiaviQURN O PRORIIENG AaEX P AOXKEREINDECECHEE | NVENTI ON
In a variety of %d%aéﬁ.ﬂsﬁﬂreﬂx&“ﬁ‘ﬁ?@h%mﬁ WREb beEGRRaLCi al to

have a devi ce abl'e t xpanded
State. Sush deviced CONESAEMER S AUH A a%éﬁﬁﬁnéw%&i
rectangul ar nenbers and a variety of other configurations. Exenplary
applications include nedical applications in which expandabl e devi ces, such

as stens, are 2 10 June 2004 deployed at a desired | ocation and then
expanded. Anot her CRQOSS REFERENCE TO RELATED APPLICATIONS

The following is based on and claims the priority of
provisional applicétion number 60/261,749 filed January 16, 2001.
and provisional application number 60/296,875 filed June 8,

2001.

FIELD OF THE INVENTION

This invention relates generally to expandable devices, and
particularly to devices formed from one or more expandable cells
that facilitate transition of the device from a contracted state

to an expanded state.

BACKGROUND OF THE INVENTION

- In a variety of applications and environments, it would be
beneficial to have a device able to transition from a contracted
state to an éxpanded state. Such devices can-comprise planar
members, tubular members,. rectangular members and a variety of
other configurations. Exemplary applications include medical

applications in which expandable devices, such as stents, are



exenpl ary application conprises the use of expandables in the retrieval of

various fluids, e.g. oil, fromsubterranean |ocations. For exanple) fluids
such as oil) natural gas and water are obtained from subterranean geol ogic
formations (a "reservoir”) by drilling a we?1 that penetrates the

fluid-bearing formation. Once a wellbore has been drilled taoga aeMbghn
depth, the borehole wall typically is supported to prevent collapse. During
the drilling and use of a wellbore, various tubular nenbers, such as

| i ners, casings, sandscreens, etc. are deployed within the well bore.

Variousdgggggga Dave Heen,dgvelopedod ofnd adidl | asxnandi ngdql.ars by, for

i nstance, pufling an expansi on mandrel through the tubular to plastically

el or m bRenbubbl BLobis <8 Lo bl puldatd AILCld WoPihan. dpprgach.

however ) requir arge anount oz force to ac

The nedical .1 ndust i1l i ngdust and_a vari of_ qther _industries
utiIizerggFfSVﬁytgég a%ﬁ°%§p§#%ﬁ%¥b§aﬁ%'ﬁ%h’d%%%ﬁéﬁq%ﬁﬁﬁgﬁpfﬁg use of
expanda&#es i n_numerous applications. However, 3 10 June 2004 there are
very feweXFE¢THg devices that are readily expandable at a desired

| ocation. O the devices that do exist, substantial forces are required to
create the expansion. Al so, substantial plastic deformation often occurs

which can limt the _ . ,
For example, fluids such as oil, natural gas and water are

obtained.ffom subterranean geologic formations {a “reservoir’)

by drilling a well that penetrates the fluid—bearing formation.
Once a wellbore has beeﬁ drilled to a certain depth, the
borehole wall typicélly is supborted to prevent collapse.

During the drilling'and_use of a wellbore, various tu@ular
members, such as liners, casings, sandscreens, etc. are deployed'

within Ehe wellbore.

Variougs methods have been developed for radially expanding -
tubulars by, for instance, pulling an expansion mandrel through
the tubular to plastically deform the tubular in a radially
outward direction. Such an approach, however, reguires a large

amount of force to achieve the desired expansion.

The medical industry, oil industry and a wvariety of other
industries utilize certain types of expandables or would benefit

from the use of expandables in numercus applications. However,



sel ection 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 OF THE | NVENTI ON The
present invention relates generally to expandabl e devices that may be used,
for exanple, in subterranean environngnts. In one enbodlnent Qﬁ £ BBo4

i nvention, the expandabl e device conprises one or nore expan e cells
that facilitate expansion of the device. By way of exanple, a tubular may
be formed with a plurality of expandable cells that facilitate radial
expansi enepé &he dewy ceelreni st 0ok | dpsate Oroeontase trach Kitlat @xdpandabexpanded
state. A variety of cell types and cell designs may be utilized dependi ng
on the apphicasioad ansedessd ed paraetdans ofs tdim exparddkl-e devi ce. 4

BRI EF' DESCRI PTI ON OF THE DRAW NGS 10 June 2004 The invention wll

her eaf t glibHea GesLT | - tdr & f QFENGRT 1) 1d1RAGC HRARHRG sdhaW NESsoWherein
| i ke reference nunerals denote Like elenents, and: Figures | A and 1B are

1| ust ralbongofat he o cesadmasad do Jmke, >, SARkS Al EHS! YERL, FLWT e 2A

and 2B show force- | ection curves of two bistable structures; Figures 3A

- SFill é %‘ aaﬂfjaeldlaad‘l% GRldAnsad Hat &S 9l ehNe&BaRksh 28! 8e&.eéés W th

various t ess rati os

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 relates generally to expandable
devices that may be used, for example, in subterranean
environments. In one embodiment of the invention, the
expandable device comprises one of more expandable cells tha;
facilitate expansion of the device. By way of example, a
tubular may be formed with a plurality of expandable cells that
facilitate radial expansion of the device from a collapsed or
contracted state to an expanded state. A variety of cell tyﬁes
and cell designs may be utilized depending on the appliéation

and desired parameters of the expandable device.



Figures 4A and 4B illustrate a bistable expandable tubular in its expanded

and col | apsed states; Figures 4C and 4D illustrate a bistabl e expandabl e
tubul ar in collapsed and expanded states within a well bore; Figures SA and
SB illustrate an expandabl e packer type of depl oynent devi ce; 5 10 June
2004 Figures 6A and 63 illustrate a nmechani cal packer type qérﬂﬁgbﬁ§gent
device; Figures 7A - 7D illustrate am expandabl e swage type proynment
device; Figures 8A - 8D illustrate a piston type of depl oynent devi ce;

Figures 9A and 9B illustrate a plug type of deploynment device; Figures 10A

and 10B illustrate a bagdrdypsestraoptdy B imde Yrikimgsour e 11 is a
schematic of a wel |l bor T bfe tubular; Figure 12

i1 Tustrates g, 001 Q0.0 %en,ifadial, 80 deRQuIBRL 08V ke e ferance to

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 22 and 2B show force-deflection curves of two

bistable structures;

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

three bistable cells with various thickness ratios;

Figures 42 and 4B illustrate a bistable expandable tubular

in its expanded and collapsed states;

Figures 4C and 4D illustrate a bistable expandable tubular

in collapsed and expanded states within a wellbore;

Figures 5A and 5B illustrate an expandable packer type of

deployment device:



6 10 June 2004 Figure 13 illustrates a hydraulically driven radial roller
depl oynent device; Figure 14 is a cross sectional view of one enbodi nent of
t he packer of the present invention; Figure 15 is a cross sectional view of
anot her enbodi nent of the packer of the present invention; Figure 16 is a

side el evation view of an enbodi nent of the present inventiq%JuQe§004
contracted state; Figure |7 is a sbde el evation view of an erbodr nment of

the present invention in an expanded state; Figures 18A-C are schematic
views of an alternative enbodi nent of the present invention; Figure 19 is a

perspective wiQwsd R alder st iive erkadenBnt nofnbhecpi esplcck- "V O 7
10 June 2004 Figure 20 is a schematic view of an alternative enbodi nent of

the presgitojmentdpicdi gure 21 is a schematic view of an alternative
enbodi ment of the present invention;

Figures 7A - 7D illustrate an expandable swage type of

deployment device;

Figures BA -~ 8D illustrate a piston type of deployment

device;

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

device;

Figures 10A and 10B illustrate a ball type of deployment

device;

Figure 11 is a schematic of a wellbore utilizing an

expandable bistable tubular;

Figure 12 illustrates a motor driven radial roller

deployment device;




Fi gures 22A-B are partial side elevational view of an enbodi nent of the
present invention in the contracted and expanded positions respectively;
Figures 23A-H are partial side elevational views of an enbodi nent of the
present invention in the contracted and expanded positions respectively;
Fi gures 24A-B are side elevational views of an alternate e”ﬁ%QhﬁF@bOQf an
expandabl e cell in its contracted gnd expanded positions, respectively,;
10 June 2004 Figures 25A-B are side elevational views of a cell simlar to
that illustrated in Figures 24A-B deployed in its contracted and expanded
posi tions, resgeeki usl il ldi=ee26A- By dtdusidalle, agpihen eabodimenllef
expandabl e cells displayed in their contracted and expanded positions,
respect qugh ¥yymEhguaesiddA-B il l ustrate anot her enbodi ment of expandable
cells displayed in their contracted and expanded positions, respectively;
Figures 28A-B illustrate anot her enbodi ment of expandable cells displayed
in their contracted and expanded positions,

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 ancther 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 elevation view of an embodiment of the

present invention in an expanded state;

Figures 18A-C are schematic views of an alternative

embodiment of the present invention;

Figure 19 is a perspective wview of an alternative

embodiment of the present invention;

8



respectively; Figures 29A-B illustrate another enbodi nent of expandabl e
cells displayed in their contracted and expanded positions, respectively;

9 10 June 2004 Figures 30A-B illustrate another enbodi nent of an expandabl e
cell displayed in its contracted and expanded position, respectively;
Figures 31A-Cillustrate a cell wth energy storage nmenbers 4g0yh890h40M a
contracted state to an expanded state; Figures 32A-32B illustrate anot her
enbodi ment of the cell illustrated in Figures 31A-Cin a contracted
position and expanded position, respectively; Figure 33 illustrates another
exenpl ary expandabl e cell design; Figure 34 illustrates another exenplary
expandabl e cell design; Figures 35A-Dillustrate an exenplary | ocking
mechani sm novi ng through various stages froma closed position to an open)
| ocked positE9Bure 20 is a schematic view of an alternative embodiment

of the present invention;

Figure 21 is a schematic view of an alternative embodiment

of the present invention;

Figures 22A-B are partial side elevational view pf 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;



to 10 June 2004 Figures 36A-D illustrate another enbodi nent of the | ocking
mechani sm of Figure 35; Figure 37 illustrates a | ocki ng nmechani sm conbi ned
wi th an expandable cell; Figure 38A-B illustrate an expandabl e cel
conbined with a | ocking nmechanismin a coll apsed and expanded position,
respectively; Figure 39 illustrates an expandabl e cell mﬁth1ﬁqﬁ%g 04

enbodi nent of a | ocki ng nmechani sm Jﬁgures 40A-B il lustrate an 1 ndivi dual
expandabl e cell and a plurality of "expandable cells, respectively, conbined -
wi th correspondi ng | ocki ng mechani snms; Figures 41A-B illustrate another

and expanded positions, respectively; and 11 10 June 20
to that illustrated in Figures 24A-B deploved in its contracted

enbodi nent  of; gapbi nedaexpapdabl g- cet bsa @ithd Daki digk @f:fgagufinﬂs difhi §9k! apsed

and expanded positions, respectively;

Figures 26A-B illustrate another embodiment of expandable

cells displayed in their contracted and expanded pasitions,

respectively;

Figures 27A-B illustrate another embodiment of expandable

cells displayed in their contracted and expanded positions,

respectively:

Figures 28A-B illustrate another embodiment of expandable
cells displaved in their contracted and expanded positions,

respectivély;

Figures 29A~B illustrate another embodiment of expandable

cells displayed in their contracted and expanded positions,

respectively;




Figure 42 is a schematic representation of the conbination of expandabl e
cells having differing sizes and configurations in a single expandabl e
device. Wile the invention is susceptible to various nodifications and
alternative fornms) specific enbodi nents thereof have been shown by way of
exanple in the drawings and are herein described in detail. 44htj,shopd4 be
under st ood, however, that the descrd ption herein of specific enbodinents is
not intended to limt the invention to the particular forns disclosed, but
on the contrary, the intention is to cover all nodifications, equivalents,
and al t er nat Fyesrkal BongswilhisttheesphotheanshmissOprerf dheard nventi on as
defined by the appended cl ai ns. DETAI LED DESCRI PTI ON OF EXEMPLARY
EMBODI VERSndaB1&oLLDM Agsgesgeiibes aryarbrtyadfe@xpandallsqleyi ces that
utilize expandable cells to facilitate expansion of the device froma
contrachedi st ahe t8sgac-expanged state. Various expansion techniques,
expandabl e cell designs, and | ocki ng nmechani sns are descri bed, and
typically the description is related to one or nore exenplary applications.
For exanple, the cells are described for use in tubular conponents, such as
12 10 June 2004 tubulars used in the oil production industry. However, this
application 5,Qnky 81 axenpl aky: APl Gall 0Ryil%, b8ablenenners

e Sm% herein.

applicability of the various cells and | ocking nechanisns cri

The de 0, oul ld i pplication of such
expandgﬁ? E%%v?%%@ %kékéggpar qg%%%ygﬁbggﬁn n gﬂgrgggpglcatlons descri bed
herein. Rather the techniques for formul ati ng expandabl e devi ces can have a
wi de range of applications in other environnments and industries. As

descri bed bel ow, exenpl ary expandabl e devi ces may or nay not conpri se

bi stabl e celld t istal 0 e Lis fa |I tate
expansi on of énﬁ¥%§ﬁn%%&£%% qf%%%%t% %gﬁ%pggtéggegﬁge &n aﬁhe%%aﬁ%ed
state f r riety. of eratl S 0 proced r he selection of a

parti cujlo‘Lar ypaeteoci Bpa annﬁ 3(1 &epgnggngﬁgc,ceaﬁgﬁfl:b? 34 ors
|nclud|g&)en onne t ree of ex an5|on material s avail able, etc.

Bi st abl% 5§Vic (quﬂ HER5FEERt Y nvent i on can take advantage of a
principle |IIustrated in Figures | A and 1B. Figure | A shows a rod 10 fixed
at each end to rigid supports 12. If the rod 10 is subjected to an axi al
force it begins to deformas shown in Figure 1B. As the axial force is

|ncreased rod 10
%gure 33 illustrates another exemplary expandable cell

design;

Figure 34 illustrates another exemplary expandable cell

design;

Figures 35A-D illustrate an exemplary locking mechanism
moving through variocus stages from a closed position to an open,

locked position;



13 10 June 20D4 ultimately 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 the buckled position, a force at right angles to the |ong
axis can cause the rod to nove to either of the stable positions but to no
ot her position. Wien the rod is subjected to a | ateral forcqohhnggg,4nnve
through an angle f3 before deflectighg to its new stable position. Bistable
systens are characterized by a force deflection curve such as those shown
in Figures 2A and 2B. The externally applied force | 6 causes the rod 10 of
Fig. 1B to moMpitds t3Bn-D riedhismrax carcthatemehesbadimenfusi 18hat 1bbeionset of
shifting fromone stable configuration to the other. Further deflection
requi r esediess: 0o wesausgd.he systemnow has a negative spring rate and
when the force becones zero the deflection to the second stable position is
spont aneous. The force deflection curve for this exanple is symetrical and
is illustrated in Figure 2A. By introducing either a precurvature to the
rod or an asynmetric cross section the force deflection curve can be nade

asymretric as; a7 N1fhGyreseB. al DokRifgS¥strani bR fQRSEndY SEAided to
cause the rod to assune one stable position is greater than the force 20

requireddDganie cell; ‘

Figure 38A-B illustrate an expandable cell combined with a
locking mechanism in a collapsed and expanded position,

respectively;

Figure 39 illustrates an expandable cell with another

embodiment of a locking mechanism;

Figures 40A-B illustrate an individual expandable cell and
a plurality of expandable cells, respectively, combined with

corresponding locking mechanisms;

Figures 412-B illustrate another embodiment of combined
expandable cells and locking mechanisms in collapsed and

expanded positions, respectively; and




14 10 June 2004 cause the reverse deflection. The force 20 nust be greater
than zero for the systemto have bistable characteristics. Bistable
structures, sonetines referred to as toggle devices) have been used in

i ndustry for such devices as flexible discs, over center clanps, hol d-down
devices and quick rel ease systens for tension cables (such 3§ i,Re 8644 Poat

ri ggi ng backstays). Instead of using the rigid supports as shown 1 n Figures
1A and 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 andigdrbaye {des Sieddt GKness AersheWdn b it esndAnapdo3B, the
force deflection curve is |inear and the cell |engthens when conpressed
fromitssopenaRashis ahe T JULR, 38 (0 Ay iGl0888 ROBM QBLEL QUL 3hns | fn t he
cell struts have different thicknesses, as shown in FiguresS 3C - 3F, the
cell h r i . racteristics shown in Figure 2B, and does
not chgig%bﬁ%i€éﬁgﬁigééé§?iq%Qﬁgggs between its two stable positions. An
expandabl e bi stabl e tubular can thus be designed so that as the radi al

di rensi on expands, the axial length remains constant. In one exanple, if
the thickness ratio is over approximately 2:1, the heavier strut 15 10

June 2004 While the invention is susceptible to various modifications
and alternative forms, specific embodiments thereof have been
shown by way of example in the drawings and are hérein described
in detail. It should be understood, however, that tHe
description herein of specific erbodiments is not intended to
limit the invention to the particular forms disclosed, but on
the contrary, the-intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and

scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following describes a variety of expandable devices
that utilize expandable cells to facilitate expansion of the
device from a contracted state to an expanded state. Various
expansion techniques, expandable'cgll designs, and locking
mechanisms are described, and typically the description is
related to one or more éxemplary-éppliéations_ For example, the

cells are described for use in tubular components, such as




resi sts longitudi nal changes. By changing the ratio of thickto-thin strut
di nensi ons, the opening and cl osing forces can be changed. For exanpl e,
Figures 3C and 3D illustrated a thickness ratio of approximtely 3:2, and
Figures 3E and 3F illustrate a thickness ratio of approximately 6:1. An
expandabl e bore bistable tubular, such as casing, a tube, a18§hﬁ@§0 f Pi pe,
can be constructed with a series oft2circunferential bistable connected
cells 23 as shown in Figures 4A and 4B, where each thin strut 21 is
connected to a thick strut 22. The longitudinal flexibility of such a

t ubul ar _can be nodified ch i n e 1 enqt f.the n

connect Fﬁg‘lé%ﬁ FoW ot c ?sosmf?%ﬂgd&c%r%pch ag}&aﬁsi%ﬁlg' FlIJ_l(rE)telJﬁ(lgr%,rqt %gq%{orce

defl ection_characteristics and the ] ongitudi.nal_.flexibilit I be

al t er ed®BylEiRRCHER| YA %?f¥H@“c%¥?m%%%$gfi qoPE AR 1A §E Péﬁggggﬁ 2he
expandabl e_bi stable tubular 24 jn its %éﬁan%gﬂ c%pfigura%jon while Figure
4B i | | uaPPALeabt hetexphnta®d @ UL Y UBRSar S5 PT FESTE8AtM Ect ed or
col l apsed configuration. Wthin this application the term"collgpsed" is
used t odedenibey herekonf | Yue AT BTt e S&OéltlsleetePénEﬁflSBFuagv?%e in the
stable state with the smallest diraneter, it is not neant to inply that the
el enent 1 bni deng cehé saplaieereridth whysumy epandRblecrrypsed §Pagg,e bi st abl e
tubular 24 is readily 16 10 June 2004 introduced into a wellbore 29, as

i |1 ust raketital & gerel AGmddpon @t acertdretdbnshdesrsikePebetBitar 24 at a
desired wel Il bore location, it is expanded, as illustrated in Figure 4D. The
geonet r gaofiet hehdi sécit sywed |on Senciatiay expanddblar dgFss8sseeti on can
be expanded in the radial direction to increase the overall dianmeter of the
tubul arna®s 4 heidehtdge expandsl rcadiiainsy int hehbrseablizogeents datdr m
elastically until a specific geonetry is reached. At this point the

bi st abl engettsieé®yve, e.g. snap, to a final expanded geonetry. Wth sone
material s and/ or bistable cell designs, enough energy can be rel eased 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
expansi on of y adj 0l Mi G Pirsd 13RI & S@kpI aRgSbxbhRdsbiEi dalibestmb) eox eddy
geonetry. Depending on the deflection curves) a portion or even an entire

| engt h bj qﬁgg#gﬁ ul ageaRcbepexpaptedot rost A shagl e point.
In IikéR%%n%§é§¥4§$a I a cgagf%g%ive forces are exerted on an expanded

bi st abl ¢ Lubuliare i LONUIAGHS 4adleabltisaBdl bReabishahl eseedd sostafam

el astica critic geonetry is reached. At this point the
bIStablg gg% Eagggg ééﬁé&féﬂéman ekéanded state for a wvariety of
operations or procedures. The selection of a particular type of

expandable cell dependé on a variety of factors including

environment, degree of expansion, materials available, etc.

Bistable devices used in the present invention can take
advantage of a principle illustrated in Figures 1A and 1B.
Figure 1A shows a rod 10 fixed at ea;h.end.to rigid supports 12.
If the rod 10 is subjected to an axial force it begins to deform

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




10 June 2004 coll apsed structure. In this way the expansion of the bistable
tubular is reversible and repeatable. Therefore the bistable tubular can be
a reusable tool that is selectively changed between the expanded state as
shown in Figure 4A and the coll apsed state as shown in Figure 4B. In the
col | apsed state, as in Figure 4B, the bistable expandable tqgwhﬁ%2934easily
inserted into the well bore and plaged into position. A deploynen evice is
then used to change the configuration fromthe coll apsed state to the
expanded state. In the expanded state, as in Figure 4A, design control of

the el agittndBd B i Bbad¥operdd esundr eachk sy ablhg rcaldq crFikRersueh Lhat a
constant radial force can be applied by the tubular wall to the

const r ahAi gk Wekd or &, SUrdace: e JIRbLe! il 10 Qper tises and thgebgem@ari c
shape of the bistable cells can be designed to give certain desired

resul t s.o e examl & fedesi Qfﬂé’%lfc%le%e%%ii’&i@ﬁ%i ge%ogﬁéugf;srk?ﬁ@n

expandabl e bi stabl e tubular string wth re than one di aneter r oughout

the le 0 tra i n _he _us | _i reholes with varying
dianetg%%£uﬁ%é{ g¥§ﬁ§§?%%éﬁnfi§%§hé%d€% %E%Brfg ?%nQQESOEOaglgh?E§%#t of
unpl anrﬁde Qgeurr en%essit%u%g %%tf %%n%toi on \{g.ﬂ\%shoggL Fels kﬁésgatﬁ Wi t@i n the
bor ehole. ThiE Al &0 cCan BE peneficial en PP std8si fed t% hat? dibortion
of the stgllbsjteacbtle% Ef\:)éapaanq.aat%:leei\'al force it must move through an angle %

before deflecting to its new stable position.

Bistable systéms are characterized by a force deflection
curve such aé those shown in Figures 24 and 2B. The externally
applied force 16 causes the rod 10 of Fig. 1B to move in the
direction X and reaches a maximum 18 at the onset of shifting
from one stable configuration to the other. Further deflection
requires less force hecause thé system now has a negative spring
rate and when the force becomes zero the deflection to the

second stable position is spontaneous.

The force deflection curve for this example is symmetrical
and is illustrated in Figure 2A. By introducing either a
precurvature to the rod or an asymmetric cross section the force
deflection curve can be made asymmetric as shown in Figure 2B.
In this system the force 19 required to cause the rod to assume

one stable position is greater than the force 20 required to




device |l ocated inside a cased section of the well while another portion is
| ocated in an uncased section of the 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 openhol e section 46. An expandabl e

bi st abl e device 48 having segnents 50, 52 with various dia i | aced
in the well. The segnent with a | arlder diameter 50 is usednﬁg%gﬁggﬁ??ze t he
openhol e section 46 of the well, while the segnment having a reduced
diameter 52 is |located inside the cased section 44 of the well. Bistable

col I ar s -g(1s60PAECL OF Sr 24 04 SEE- H SI erfO)r 22 Be desi-gmed st-eaakl-owhgections
of the bistable expandabl e tubular to be joined together into a string of

usef ul Lgngt Bgy Ush D0 Diees A RIFNGN ©AS idysiated sl gure 4A and 4H
Thi s bi stabl e connector 24A al so 1 ncorporates a bistable cell design that

allows it to expand radially using the sane nmechanismas for the bistable
expandabl e tubul ar conponent. Exenpl ary bi stabl e connectors have a di aneter

slightly larger, t;han the expandabl e t |_a Lgns _t hat bei ng j oi ned:
The bistablegléﬁigﬁ§)§ﬁﬁﬁ§ ’céﬁﬁggggésiéeﬁﬁg%eglggeg305e§§%%e ends of
the two_sections and . nechani cal.ly ,attached_to the, expandabl e tubul ar

oot oS e HeR e o iR hE R shg) PR iR fac B e used
to connect the connector tqQ the tubular. sections. The_bi stabl e connector
Lypi cal 558 RETGTERYS KT RS DRPaRErER PaYEoERat fTebbat s LFE % th t he
expandabl e tubu] ar sections, _so that it continuef to connect the two

secti on¥Y3F¥e? §%e TSFHRS GRPIES: HEUFllo28egieft s RRYE t Fk9%difhect or .

Al ternatively, the bistable connector can have a di aneter
backstays) . .

Instead of using the rigid supports as shown in Figures 12
and 1B, a cell can be constructed where the restraint ig
provided by curved struts comnected 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, ﬁhe forcé deflection
curve is linear and the cell 1engthens when compressed ffom ifs
open position Figure 3B to its closed position Figure 3A. If
the cell struts have different thicknesses, as shown in Figures
3C - 3F, the cell has the force deflection characteristics shown
in Figure 2B, and does not change in length when it moves
between its two stable positions. An expandable bistable tubular
can thus be designed so that as the radial dimension expands,
the axial length remains.conétant. In one example, if the

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




smal l er than the two expandabl e tubul ar sections joined. Then, the
connector is inserted inside of the ends of the tubulars and nmechanically
fastened as di scussed above. Anot her enbodi nent woul d i nvol ve the machi ni ng
of the ends of the tubular sections on either their inner or outer surfaces
to forman annul ar recess in which the connector is Iocated106u8836§gtor
designed to fit into the recess isyplaced in the recess. The connéector
woul d then be nmechanically attached to the ends as described above. In this
way the connector fornms a relatively flush-type connection with the tubul ar
section n {C an r t bi.st abl_e ;expandabl e tubul ar
Iengths§§ﬁ§SE?s¥§%?£E§%%ﬁ%%t%ﬁé?Q%ét)t ea%&%qqﬁ§ et%ﬁHQFgl% %6 gﬁéc%Brrect
position_( FLogures-.4 d 4D) .10 June .2004 The .conveyance devi ce nay
00T zetonsien ROtE e liolPtot) b RO el SRR B Ga Y

coil ed ing.wth wireli canductor,, drill _pipe, tubing.or casing. A
deployn%ﬁ%nﬁgglcep%ﬁ %%ﬁ?éi?ﬁ (ﬂﬂﬁﬁﬁﬁaggdafﬁtéeiﬁ3185§F§nga§sEﬁb? T
expand the.bis%able expandabl e tubul ar and connectors. _(See Figures 4C and
4D). DepfoyReRt YRATES R be of FIETEfpel enenBstakufhiate Sl e
packer el enent, a nechanical packer el enent, an expandabl e swage, a piston
appar at TRICEPHRT e i © a GRRHGM34R 1¥) Eétri cal sol enoid, a plug type
apparatus, e.g. a conically shaped device pulled or pushed through the
tubing, a ball type apparatus or a rotary type expander as further

di scussed bel ow. An inflatable packer elenent is showm in Figures 5A and 5
and is a devtexpansaids Forgt dissabladtebularensutll @3 dadinans a '
i ncorporated into the bistable expandabl e tubul ar system bottom hol e
assenblguban & patdi.usm @tipen ebnFhgurenSpruthed iwitatalderijmacler el enent
25 is located inside the entire length, or a portion, of the initial

col | apssid strfter dnitdiadblbd sttablkaro2deansd anylhs sthlbd e dxpandablrd gnoraect or s
(not shown). Once the bistable expandabl e tubular systemis at the correct
depl oynentand 4B, where each thin strut 21 is connected to a thick

strut 22. The longitudinal flexibility of such a tubular can be.
modified by changing the length of the cells and by connecting
each row of cells with a compliant link. Furthef, the force
deflection characteristics and the longitudinal flexibility can
also be altered by the design of the cell shape. Figure 4a
illustrates an expandable bistable tubular 24 in its expanded
configuration while Figure 4B illustrates the expandable
bistable tubular 24 in its contracted or collapsed
configuration. Within this application the term “collapsed” is
used to identify the configuration of the bistable element aor
device in the stable state with the smallest diameter, it is not
meant to imply that the element or device is damaged in any way.

In the collapsed state, bistable tubular 24 is readily




21 10 June 2004 depth) the inflatable packer elenent 25 is expanded
radially by punping fluid into the device as shown in Figure 5B. The
inflation fluid can be punped fromthe surface through tubing or dril

pi pe, a nechani cal punp, or via a downhole electrical punp which is powered
via wireline cable. As the inflatable packer elenment 25 exp3gdgne bbog O ces
t he bi stabl e expandabl e tubul ar 24160 al so expand radially. At a certain
expansion dianeter, the ir_fl atabl e packer el enment causes the bistable
cells in the tubular to reach a critical geonmetry where the bistable "snap"

effect isrightiageth-and Jderdi-st ab e axpandabli-a vedbyharigygteacexpands to
its final dianeter. Finally the inflatable packer elenment 25 is defl ated

and ren@gﬁ@%{;%ﬁ%d@plgyg%@ﬁ@@ e.#xpandabl gt ubukak r24. wA1 MBSHANI cal

packer own In Figures 6A and 6B and is a device with a

deformaple. pl asti ¢ of £ 204 hals PYRAUTRd ahl ¥iyhen gonpressed [n the
axi al difectTon: e Torce to conpress the elenent can be provided through
a conpressi on nechani sm 27, such as a screw mechanism cam or a hydraulic

pi ston. The nechani cal packer el ement depl oys the bistabl e expandabl e

tubul ars and_connectors in the sa as.the.inf] ata packer nt.
The defornabT%FpW%&ﬁ?QF%ﬂQﬁnﬁ#@ %%ggﬁgﬁiege& soﬁfmﬁPaﬁrgggglég%rgggp%ﬂﬁhe

i nner circunference of 22 10 Jun§r2004,the Hisiagle eggandqgle t ubul ars
and confERIHTESC Bl Ih\iHYy Reh EROERIEGr At §PEx pAREZf r ST BCEdRT radt ed position
(see Figure 6A1 to a final deploynent dianete see Figure 6B). An

ex panda%gﬂfef SRR LS BIRFAL Y I‘FW@%F&S OfAtla}"e7 Buéﬁga’éonp%gs'él%e at%%?faers of
fingers 28 that are arranged radially around a conical pandrel 30. Figures
7A and Catiba Hdeldny e PierdblespeeLsveriorRRtA T heC rEtdo 3 s

pushed or pulled through the fingers 28 they expand radjally outm%rds, as
specific geometry is reached. At this point the bistable cells

move, e.g. snap, to a final expanded geometry. With some |
materials and/or bistable cell designs, enough energy ggn be
released in the elastic deformation of the cell (as each
bistable cell snaps past.the specific geometry) that the
expanding cells are able to initiate the expansion of adjoining
bisﬁable cells past the critical bistable cell geometry.
Depending on the deflection curves, a borticn or even an entire

length of bistable expandable tubular can be expanded from a

single point.

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

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



illustrated in Figures 7B and 7D. An expandabl e swage i's used in the sane
manner as a nechani cal packer elenent to depl oy a bistabl e expandabl e
tubul ar and connector. A piston type apparatus is hown in Figures 8A - SD
ar_d conprises a series of pistons 32 facing radially outwardly and used as
a nmechani smto expand the bistabl e expandabte tubul ars and ?@Dﬁﬁféédﬁ' VWhen
energi zed, the pistons 32 apply a radially directed force to deploy the

bi st abl e expandabl e tubul ar assenbly as per the infl atable packer el enent.
Figures SA and 8C illustrate the pistons retrac ed while Figures 8B and 8D

show the p setﬁa}e@tqs% T SlOR LY REcARRBEALYSNCAR BReaBt vadeck
hydraul%éé%%g%%gﬁec anically gﬁlg%gbtrf%éllﬁ. é23 10nJune 2004 A plug type

actuator .is illustrated .in Fi 9B and.cenpri 888 BipLag 34 that
i's pushte"ﬂmis)lralbdsl TGS ¢ élgg}%s?t aﬁ%%qgkpandagl 6 tubulars 24, or

connectors as shown in Figure.9A,_ The plug.Ls_si : xpand.the bistable
cells ﬁﬁg?l%QEﬂqa%gﬁ%iinﬂéﬁﬁﬁg%é\ﬁ%gretﬁﬁgyléﬁFéhéﬁgﬁ%géﬁaefin%l expanded
di aneter as shown in Figure 9B. A ball type agtuator LS o] in Figures
10A and’%%%h&kﬁp&"ﬁaégi%éffa{rﬁ &vef O?’\édlﬂa {936° %b‘pﬁrrﬁr%et\é@?hr ough the
m ddl e of the bistable expandabl e tybul arg _24 and connectors. To prevent

fluid IsEEePat sUGta B SEPMTsgt § 1958 %e%Bandabl e el ast omer based |iner 38
is run inside the bistabl e expandabl e

In the collapsed state, as in Figure 4B, the bistable
expandable tubular is easily inserted into the wellbore and
placed into position. A deployment device is then used to
change the configuration from the collapsed.state to the

expanded state.

In the expénded state, as in Figure 4A, design conﬁrol of
the elastic material properties of each bistable cell can be
such ﬁhat a constant radial force can be applied by the tubular
wall to the constraining wellbore surface. The material
properties and the geometric shape of the bistable cells can be

designed to give certain desired results.

One example of designing for certain desired results is an
expandable bistable tubular string with more than one diametgr

throughout the length of the string. This can be useful in

boreholeg with varying diameters, whether designed that way or




tubul ar system The liner 38 acts as a seal and allows the ball 36 to be
hydraul i cal |y punped through the bistable tubular 24 and connectors. The

ef fect of punping the ball 36 through the bistable expandabl e tubulars 24
and connectors is to expand the cell geonetry beyond the critical bistable
point; allowng full expansion to take place as show in FiQHUﬁn@Q 4 OncCe

t he bi stabl e expandabl e tubul ars ah® connectors are expanded, the el astoner
sl eeve 38 and ball 36.are withdrawn. Radial roller type actuatorjs al so can
be used to expand the bistable tubular sections. Figure 12 illustrates a
not or dagvenres2d: X ume 2004 expandahblcesr adcal asoEbematdoh. wdhkoumol
conprises one or nore sets of arns 58 that are expanded to a set dianeter

by meansr okeps¢sod anitiranthepibéatehode .t hehesdadboecaah BetbefieafdBall s a
roller 60. Centralizers 62 can be attached to the tool- to |locate it

corr ectihiyeh NSt dies tdhes ind®ldPokeeandpbheibhsbabt et HDYt &k 1 24exphi@ile 64
provides the force to rotate the whole assenmbly, thus turning the rollers)

ci reunfesentd aldds ddesideldae avekkhar §ecThenaxksc vl Loer rohl B SAndheguch as
to allowthe rollers) to rotate freely when brought into contact with the

I nner sWEace ofs tle fubuliar .nEaaRa ek Qécff‘éh bes canl Gali v, shanedd 1y

sectlon to |ncrease the contact area of surface to the inner wall of

the tUbPﬂhe stra T.Jé% r%' | %Eé”a%FLs b@'£ 'i‘la'é’ 8‘{&%%} ed ﬁ{lﬂeflf}?ozté)%o ':% run

i nsi de apse “bi- &t e tubu S en rotated by the
notor 6 IIer noyed ner, sunface
of thecﬁlgﬁ' U Eﬁa v fggei%Sc%%#a¥$&é%%%é%nu3%%ﬁ%# éé& #% %ol?grs are
ey gfe%ft?rﬁ@egad' LSRR A 0 1L g o
acconpllshed via ceptrifu force r.o rlate ctua hani sm -
coupl ed %pheghn Fg 642 5haE H I?Yﬁ?%ﬁg Place Wkﬁ Vgﬁip05|t|on
dj ust d t t wh th
's a J%?e?seg%e%tpgkgh a féggerqdlameter 50 is used to stabilize the
openhcle section 45 of the well, while the segment having a

reduced diameter 52 is located inside the cased section 44 of

the well.

Bistable collars or connectors 24A (see FPigure 4C) can be
designed to allow sections of the bistable expandable tubular to
be joined together into a string of useful lengths using the
same principle as illustrated in Figure 4A and 4B. This
bistable connector 24A also incorporates a bistable cell design
that allows it to expand radially using the same mechanism as
for the bistable expandable tubular compeonent. Exemplary
bistable connectors have a diameter slightly larger than the

expandable tubular sections that are being joined. The bistable



25 10 June 2004 bi stable tubul ar can be expanded to the final dianeter. The
tool is then longitudinally noved through the coll apsed bistable tubular,
while the notor continues to rotate the pivot arns and rollers. The rollers
follow a shallow helical path 66 inside the bistable tubular, expanding the
bi stable cells in their path. Once the bistable tubular is QSBLﬁ%Eﬁb4the
tool rotation is stopped and the rgkler retracted. The tool Ts then

wi t hdrawn fromthe bistable tubular by a conveyance device 68 that al so can
be used to insert the tool. Figure 13 illustrates a hydraulically driven

radial rglloLe dep OV SeMae ovthie dROlene@MRE 382 @48 QEcEREAsIphders 60

that are brought Tnto contact with the inner surface of the bistable

tUbU|arm£?#£E§g§ﬁ#? é&!&@ﬁéﬁ“éé3éﬂéﬂa%%aﬁﬁab QetgﬂhggEdsEégkahsforce applied

1
by the rolTers cam be increased to a point where t bi stabl e t ubul ar

expands tgo its final dianmeter. .Centralizers_62 n_bhe o t oo
to | oczsanfl%&l“i‘mc%afjr efzaﬁ'ifrfer{sﬁ FEFhE WS T B8Fe 52 eg?s?gb}gg}%}%bgﬁgrﬁ%i}.%e
rollers 60 are initially retracted %%d tEe,tooI i%.run into the cq%lapsed
bi st abl & tSHUISHT 20 ARERS ST £ ¢S EUPHEAT dBFFEYRES and T push- 2gA 15t t he
inside wall of the bistable tubular 24 to, expand aﬁgortlon of thgltubular
to its FIHBCIRGAREECE e 1enCesd IR661 tPsPRREN 2 PUSKRANEF ODPUTF &Y that

| ongi tudi nal 'y through the 26 10 June 2004_bi stabl e tubul ar 24 expandi ng
the entis cdrampiPls witdh dflee cxopngdadie bHbRleReSBFEIaBFe TULHIHT P4 is
depl oyed in its expanded state) the rollers 60 are retracted and the tool

i s wit hrEvimyasonha fenmsdtbGhe Syot FectbaneyahEer debe ce BT TR 2o thfsert
it. By altering the axis of the rollers 60, the tool can be rotated via a
not or asvd tsegmsrgiss angngiheugionakkgorhr ough t he bi stabl e tubul ar 24. Power
to operate the depl oynent device can be drawn fromone or a conbi nation of
sources such as: electrical power supplied either fromthe surface or
stored in a battery arrangenent along with the depl oynent device, hydraulic
power provi daddmaslinvkedge ahedbwahebke poomsecter brareshare @& fdigingter '
accurul ator, and nechani cal power supplied through an appropriate |inkage
act uat eghadlyl s ERBNEheppivbedxphntihbl s urhlacka Orssd it dowimzal.e Sbeh.as in a
spring mechani sm The bi &tabl e expandabl e tubul ar systemis designed so the
i nt er nalhdicrRiceitoef ikhendepkeyedntubsl 6f tlise expindef ttee nmibnflairs andaxi mum
cross-sectional area along the expandable tubular. This feature enables
Mono- bafeRaelil-2119 BasceRstr Hst adsangséaciddtal eareltiHEMambedieknpr obl ens
associated with traditional wellbore casing systens where the casing

OUtSid%Duld involve the machining of the ends of the tubular sections
on either their inner or outer surfaces to form an annular
recess in which the connector is located. A connector designed
to fit into the recess is placed in the recess. The connector
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 transports the bistable expandable

tubular lengths and bistable connectors into the wellbore and to



27 10 June 2004 di aneter nust be stepped down many tines) restricting
access, in long wellbores. The bistabl e expandabl e tubul ar system can be
applied in nu~-nerous applications such as an expandabl e open hole |iner
where the bi stabl e expandabl e tubular 24 is used to support an open hol e
formation by exerting an external radial force on the wellbgpg subhgee. As
bi stabl e tubular 24 is radially exB@inded, the tubul ar noves 'nto cont act
with the surface form ng well bore 29. These radial forces help stabilize
the formations and allow the drilling of wells with fewer conventi onal

casi ng i T ole Id er-%hgg C h$e a t ebhebvag:d. a
wWr appi ng étﬂ%‘tsr?ce%?]ocogsg t %'r at(éée'(;éf I;'fll ui d sI %gsgggg%b?he aeHIBI gorg%{nt o the

for mations, . The wranping o be 1BYS. LoM-A:XALI ebynoksMALEL] Bhs | ncl udi ng

expandabl € Tetat] i'c and/or 6l astoneric materials. By reducing fluid |oss
into the formatians, .the expens fodeilli | yi d and the
ri sk ofcﬁQﬁﬁTmf9£i%ﬂnt %ﬂ?'aﬁ&ﬁﬁF 5?% o eggg |§%g§1%§% ggnﬁfg?ﬁféed.
Liners also can be used within wellbore tubulars for purposes such as

cor r osi Tt Ipr RIRXi LB & EASHE%0f a corrosive environment is the
environnment that results when carbon dioxide is used to enhance oi
recovery froma producing 28 10 June 2004 formation. Carbon dioxide (CQOz)
readily reacts with any water (H20) that i s present %o_forn1carboni acid
(H2C03) . O Rerderdicy@esin devé6end 3gEABr BPedRCREBRET GF T y1 7 §° sUlF (V¥ éitpounds
are present. Tubulars used to inject the carbon di oxide as well as those
used | ragsesdict e weteaidaties bhpsebleoeyPeataylel BV ERE 814 osi on rates.
The present invention can be used to place protective liners, e.g. a

bi st ablernduticers .24, ( Swiet Figuagse%LsendgiPubul BePIYMeH: AFE d9fe & PSsi ve
effects and to extend the useful life of the wellbore tubul ars. Another
exenpl arfy mappirncat itgpeisneakhessuse bofifi ababletpdtken UbLARANDA4 3as an
expandabl e perforated liner. The open bistable cells in the bistable
expandadce adrilidiapaalide@welipmeat ) i ehedxphodablonswdme f o metsitom whi | e
providing a structure to stabilize the borehole. Still another application
of the fistrabhe,t ubrleahaddchs astaatexpamdabl ecitsainkls crelemodider @ pheg

bi stable cells are sized to act as a sand control screen. Alsd, a filter
mat er i al,an e Gerki nedgwi khebhechi 5 abhepédi bidaircapweXEdaioredusdedw. For
exanpl e, an expandabl e screen el enent can be affixed to the bistable
expandaf, e, JuPuhar +uHhsgexpapdabl eyser apfe lnnenr canrdmforyed as a

wr appi ng around bi stabl e tubular 24. It has been 29 10 June 2004 found
that t 'mqu i-0 (o]< P ssafwecss. onto the wall of a borehole wll
in itsgﬁ?khe p %ﬁagf?%?ggtﬁégggsnation and reduce or elimnate the influx
of sand fromthe producing zones) even if no additional screen elenent is
used. The above descri bed bi stabl e expandabl e tubulars can be nade in a

variety of nEnners .Sueh ass ULt b0gnapPr Prdiadel Yirshaped daaths ahlir ssgh the
wal | of a tubular pipe thereby creating an expandabl e bi stable device in

its col | apsed s%%ggs cHgEhngnpgﬁ%féggbiéﬂﬁ&éﬁéégynéyénghge bhepehyowkeat i ng
an expan abi e “i°St’able"device in 1ts expanded state and then conpressing

the device into . its.coll ed. ; 1.1 i athspbheeMdgh a
sheet GFCREESFTAES %%? igggt é§%§%§$ié§5%¢é%?€§ﬁﬁﬁ§%1§?tgﬁgpe and j oi ni ng
the ends_to for n expapdabl e, bi i N ictS I e; or
Cutt | nGops T o 1B ERGer Fafh oafhrde ¥ e g S0 ERRCHeAbELE,
tubul ar shape) joi ning_the adjoining ends t.o for n dapl.e, bi st abl e
devicePPﬁHeFSe&?ﬁ&ﬁ&egSSfﬁtgoéiﬁe%réhﬁ%é%my%%§¥ﬁgh?hé%§§ggéeg%n?o its
col | apsed state. The material s o{lcons rqgtion.f %bﬁgetggﬁigplg4eéggndable

portion, of the initial collapsed state bis
any bistable expandable connectors (not shown). Once the

bigtable expandable tubular system is at the correct deployment



tubul ars 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 norsel 10 June 2004 inconel, hastelloy or tungsten-based alloys) if
the application requires. The configurations shown for the bistable t ubul ar
24 are illustrative of the operation of a basic bistable ce|d,
configurations may be suitable, buf; the concept presented is afso valld for
these other geonetries. In Figures 14 .and |5, a packer 80 formed of
bistable cells is illustrated. The packer 80 has a tubular 82 forned of

bi st ablg, 8%&'lsh%31n$§99a9§etBQ@ﬁePr@YéﬁH§£YZ§|5§U§§§&hdedfkéﬂkhﬂly3®y t he
packer 8 as at |east one seal 84 along at least a portion of its |ength.

An exega]lmgr Mgs%ghlﬁﬂ% Lng! Hde: 0De; 0T sHBNE L RYVEISuROSid] oneds i nternal ly,
extern r respect to tubular 82. Additionally, the |ayers)

my be ;laheilxed vk khcbheng ngngggﬁ fP&E‘Etgh+ sk e ligroddifulidhitd or

t
|IIustﬁ5t &-aR I 'men I ntern and an external sea

Figure 15_ill ustrat Kk I
5"y B3 HoPABH - of BRCBRASt ohet B crher et chr S Bt eé%iﬁﬁ%“ﬁ%%&f?i's

of the seal 84 allow it to at ast h t f
10 Jun§h26541FUBBW§F9§ZVl?oWHEE§+n%t%%?f%esp%% ?ﬁ%?%%ﬁgﬁ%gﬁ%gggﬂﬁgthe sgil

element 25 expands, it forces the bistable expandable tubular 24
to also expand radially. At a cértain expansion diameter, the
inflatable packer element causes the bistable cells in the
tubular to reach a critical geometry where the bistable “snap”
effect is initiated, and the bistable expandable tubuiar'system
expands to its fiqal diameter. Finally the inflatable packer
element 25 is deflated and removed from the deployed bistable

expandable tubular 24.

A mechanical packer elemeng is shown in Figures 62 and 6B
and is a device with a deformable plastic element 26 that
expands radially when compressed in the axial direction. The
force to compress the element can be provided through_a
compression méchanism 27, such és a screw mechanism, cam, or a
hydraulic piston. Thé mechaniqal packer element deploys the
bistable expandable tubulars and connectors in the same way as
the inflatable packer element. The deformable plastic element 26

applies an outward radial force to the inner circumference of



84 may be used to facilitate the expansion. Al so, a resin or catalyst 85
may be used to allow the seal 84 to harden after setting. In one
alternative enbodinment a resin or other flowable naterial is placed between
the layers of seals 84 (as in Figure 14). Once the packer 80 is placed in
the well and expanded, the flowable material may be hardeneqogrnéﬁéﬁvase
altered to inprove the sealing chajacteristics of the packer %. n sonme
applications, hardening of the resin or other material requires heating of
the material by a service tool. The packer 80 can be expanded as descri bed

herein,.,and, my, [iSeapyar ikebvi1aksbhatiabbensetbss, | 81 06@ieqbeatinrent of
use, tﬁ%%%g%qgfkg%gggk%%ployed on a rSn-in tool that includes an expandi ng

tool . The packer 8Q i i aQn l.headgskt edoh 0CatE oni gieke expanted to
seal adﬁ}ﬁ%FT%hé’ﬁ%FF%ﬁg?§Fhégcggﬁﬁgaor otﬁer t ubul ar . Ty%ically) t he

packer 80..is connected to .a_tubing oLk o] it that extends downhol e
bel ow tthe PRk YRR Sé %?ego(%%gvﬁggérg gggi in the annulus to
prevent or restrict fluid flowlongitudinally in the well (the typical use
for packers). The present invention also nay act as a well anchor which

i ncludes or excludes the seal 84. 32 10 _J ne %%941An_F%§ 16, an

al t er nat | ve Ah5ewaRSRL s SWRPGs tFafBd"Tn Thf th T he packer 80 forns a

portion of a cor_duit. In the enbodinent. shown, a well_condui (such as
Bt ubi RFHAS aF FoREEHRS( Rér ESROSESt NE b%%ge?r%oﬁrﬁré?eﬁ?s]ggcgu!'téltlgp formthe
bi stable cells. The packer portion 80 has a seal $47¢ heﬁ eon_as palrn%vi ously
descri Bapund sFicpricalenaadssit P8n of “FHESSedt it erY &1 84 5579 17 Ust r at ed
as renoved to reveal the bistable cells 83 in the underlyin tubuh r.82. In
Fi gur e tbh tewspasceecsoreilsn 80RPE FRPuSerdted 14 3% sp%%beacﬂa‘jerd RUAEE 1t
shoul d be noted that in typical applications the well conduit 90 which does
not hawhdisfrabite cénigersorAethererupand (ediabty RPHREITThGE one

enbodi mrent for attaching the well conduit to thecfacker 80 is to formthe
packer 802 vt dantiegralupast 7bf anBe7Rel | Ar oeRATITTL Y FIATS Hat Sl ded
connection resenbles this enbodinent and is an alternative nethod of

f or mi ng 1 heePrLsRNinanmeentison) meChhet cabt hodlsey gl amkstte div A 16alk net hods
of non integral connection. In alternative enbodi nents, the well conduit
has a pligaldty Sbhdictakl eubalbhrpaniecsnBéctarmed thereon. In yet another
al ternative enbodi nent, a portion or portions 91 of the well conduit in
addition to the packer portions 80 are fornmed of bistable cells so that

t hese other portions al so undergo '

A piston type apparatus is Shown in Figures 8A - 8D and
comprises a series of piétons 32ifacing radially outwardly and
‘used as a mechanism to expand tﬁe‘bistable expandabkble tubulars
and connectors. When energized,;the pistons 32 apply a radially
directed force to deploy the bistable expandable tubular
assembly as per the inflatable pécker element. Figures 8A and
8C illustrate the pistons retracﬁed while Figurés 8B and 8D show
the pistons extended. The pistoh type appa;atus can be actuated

hydraulically, mechanically or electrically.



33 10 June 2004 expansion (see Figure 17). The other portions nmay or nmay
not have a material applied thereto. For exanple, the other po=tion may
have a screen or filter naterial applied thereto to provide a well sand
screen. Referring to Figures 18A-C, an alternative design of the present
invention is illustrated in a schematic, partial cross sectygngle ¥p®v. The
expandabl e packer is shown in the B8tracted and expanded st ates,
respectively, and in partial side elevational view (Figure 18C) _ The packer
shown includes a base tubular 82 fornmed of thin struts 21 and thick struts
22 form ng bAspabyetged| scAMH B3 ass pir i s e dddsc Figpdre sSloat snd2%ar e
attached to the tubing 82 at one edge and extend generally longitudinally

in the eabodbppisshamplsee Figue IB8QushSee i ipedllley) teaehgdl ahe92 is
attached to the tubing 82 at the thick:struts 22, and the width of the

sl at's i§;8s4gh1 & hatpdheyb ovenlap Ats | RS dienaditaeentzsslsabwahen Fheutsbi ng
82 is in the expanded state. Although illustrated as having a slat attached

to eachgef the fhick SILUS) de.paskedyilausia skatsaphachedel o
alternate thick struts 22 or in other configurations. Furthernore) the

slats ifﬁ%?f%&ih@ Sid-eetdin, olhar dhanehhg konght udbnakedi Hestdan. The
sl'1 de over _ :

slats 9 one anot her

as shown in Figure 9B.

A ball type actuator is shown in Figures le and 10B and
opérates when an oversiéed ball:36 is pumped through the middle
of the bistable expandable tubulars 24 and connectors. To
prevent fluid losses through thé cell slots, an expandable
elastomer base& liner 38 is runfinside the bigstable expandable
tubular system. The liner 38 acts as a seal and allows the ball
36 to be hydraulically pumped through the bistable tubular 24
and connectors. The effect of ﬁumping the ball 36 through the
bistable expandable tubulars 24 énd connactors is to expand ﬁhe
cell geometry beyond the critical bistable point, allowing full
expansion to take place as showq‘in Figure 10B. Cnce the
bistable expandable tubulars and connectors are expanded, the

elastomer slseve 38 and ball 36 are withdrawn.

Radial roller type actuators alsc can be used to expand the

bistable tubular sections. Figure 12 illustrates a motor driven




34 10 June 2004 during expansion so that the outside of the tubing 82 is
covered by the overlapping slats 92. A seal 84 may be attached to the slats
92 to provide the seal for the packer. Al though shown in the figures as

fol ded, the seal 84, nmay have other characteristics that facilitate its
ability to expand with the slats 92 and tubular 82. Al so, theg s&abocH Way
have ot her characteristics previoughy nentioned (e. g., resin, internal
seal, etc). It should be noted that although described as a packer, t he
present invention may be used to provide isolation over a long |ength as

opposedekgarabpradi ti@nal PETKkeF ©soTowid e dadolconyirGls generealdry meeal s only
a relatively short longitudinal distance. Thus, the present invention may

be usedsins ao FRARGE S8 AR 40 G GRid o B Qdeiis@lcali 0 kebndnos
extended length. In Figure 19, a perspective view of packer 80 (or

ol ati ry oyl 6ede hd 16 200! Il i 81 224, alehached drengl g i's

illustrated in an overlapping arrangenment as previously described. The

Lubing b inel ggles @%f&%@é@&%e%ﬁ 1 el epoibudigatl yof rom the

enanst to the en extensions 94, to

certaim portions of they, 3 dgaodg%eef %&qﬁbtcmcgnat CUL5,22 88LOF by £ L 1

t hi ck TH one exanp the struts are attached

to the ick struts |ch a | i tudi nal ly_aligne
ext ensi%%’s o1 "R Ch g P ger eﬁ &31%5 tgjv]\:/ﬁ:eastoaff:'ac%edga\fgI %ﬁogg agggmtfjhyé’_ sl ats
92, Lhe RS A% e BATH (S e a0e,P2.0, 7 RoTkL! e nter mediat e

wellbore. The axis of the roller(s) is such as to allow the
roller(s) to rotate freely when frought into contact with the
inner surface of the tubular. Ea&h roller can be conically-
shaped in section to increase thescontact area of roller surface
to the inner wall of the tubular; The rollers are initially
retfacted and the tool is run iﬁside the collapsed bistable
tubular. The tool is then rotatea by the motor 64, and rollers
60 are moved cutwardly to . .contact the inner surface of the
bistable tubular. Once in contact with the tubular, the rollers
are pivoted outwardly a greater ﬁistance to apply an outwardly
radial force to the bistable tubﬁiar. The outward movement of
the rollers can be accomplished via centrifugal force or an
appropriate acﬁuator mechanism cbupled between the motor 64 and

the rollers 60.

The final pivot position is adjusted to a point where the




In Figure 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 packers 80 engage
the wel |l bore wall preventing annular flow thereby. Therefore, any

m croannul us formed between the expandabl e tubing 90 and theyvyghd 2660
(which may include a casing) is sespded in the longitudinal direction to
restrict or prevent unwanted fl ow thereby. The conduit 90 may include one
or nore such packers 80, as desired, to control the flow Further, the
packer i a4 brirspacedaat teegpandedt ebvahe dinal doamedtéher The
predeterm ned spacing to control the flow in the annulus as needed. In one

exanpl &od1l liustiried osghemat neal by mbbeli gHEEuZR, thBech DUk saabi draiylles of
tubing 90 are interconnected by a packer 80 to conpartnental i ze each joint

of conduj; 1fOMdNE 2ghaCeBtor L8nd¥RBeg004 36chOLNEkE)pidde Hackends80 can

be a separate connector as shown in Figure 21 or it can be fornmed as part

of thegéa%%tfs AC%%rggmes Eslﬁeﬁksrarg&f@@ £ posi Lhaneals Agend of the

j oi nt inthe m ol nt or at any ot | ocation along its

| engt h. hfeorgggan;rbg LR Ceﬁggaag}q;ttﬁg B0 PECL el 0.3, pfedigur es 20 and

21, are erring generally to Figures 22A-B, an
alternati odi nt of pre i nvent i cl d. vi ce
shown &f go Esbﬁﬁyt%agg E g%ralsac eir)é;l Jﬁangtel'?e tgoaog r‘r:é;l;%gtlg or
ot her devrce requirin ansi on dis rall referred tQ [ |n in

r ef er ertée St-GPPR s@nﬁrgﬂ E gieﬁnregﬁ%% %12ﬁFﬁﬂh % DTS eggg 5
descrlptlon The .expandabl e tub 120 conprises a ser of o IIs 122

f or med tERE EBR, b%ﬁ&ﬁbég BVbFiEEEb%u?t??ﬁfeﬁgh Lﬁ%vﬁﬁf dﬁa%EF SButting or
ot her nanufacturrng met hods. The cells 122 are oriented such that a nunber
of | onGRRudPnuFe8: Fat 19975 B oF ARk on t he expandabl e tubul ar 120. Thus,
as shown in the figures) the longitudinal struts 124 |ie between

| ongi tudi nal lengths of cells 122 with the cells 122 having relatively
thinner struts 126 extendi ng between adjacent | ongi tudi nal struts 124. As
shown in t h&ifiigar &8, i hbus heatel§ oz enfdyisrdicaddivn ariserueadied spélddved

37 10 June 2004 longitudinally relative to one another (e. g in opposite
di r ect depdpymehe devise 122Thperreb exprridashenst cgcrgre Fadrarfye0Not all

of the longitudinal struts 124 nust nove;
that are brought into contact with the inner surface of the

bistable tubular by means of a hydraulic piston 70. The outward
radial force applied by the rollers can be increased to a point
where the bistable tubular expands to its final diameter.
Centralizers 62 can be attached to the tool to locate it
correctly inside the wellbore anﬁ bistable tubular 24. The
rollers 60 are initially retracted and the tool is run into the
collapsed bistable tubular 24. The rollers 60 are then deployed
and push against the inside wall of the bistable tubular 24 to
expand a portion of the tubular to its final diameter. The

entire tool is then pushed or pulled longitudinally through the



alternate longitudinal struts 124 rmay be noved while the other struts
remain stationary. The relative novenent of the |ongitudinal struts 124
provi des the expansion of the cells 122 and t he expandabl e tubul ar 120.
This type of cell is an exanple of an expandable cell that is not bistable.
A | ocki ng nechani sm 128 may be used to maintain the expandeqoggﬁ%bgﬁg of
the expandabl e tubular 120. As shown in Figures 22A-B, the expandable
tubul ar nmay conprise one or nore | ocking nechani snms 128 spaced al ong the

| ength of the expandabl e tubular 120 and spaced radially about the

expandaf} g. fbyl i d20- e ,gsdodiderihofedtie d aekight weCchasicamlies shown in
Figures 23A-B. In the enbodi nent shown, the | ocking nmechani sm 128 conpri ses

a detent {pr %inges) d3G,exiending fhomiepe 2,096 YughBgeasthut 24 and
cooperating wth a set of ratchet teeth 132 provi ded on anot her

ong! { UGLDZ 5 841 Mo d2d- DS JAlENRtsd eald Lizaextend lr PRLALLEAD; ar ea | 34

of the T'ongi inal "stru to accommpdate for the relative novenent of

t he detent, 130 to.the l.ongit,udi hal rut ' .r.at ehe 132.
The 1 at ERERITEE NEAS YSarHl 1 4 w55 o1 SRS S BBy Samat "o T he
detent 130 thereon in first directi.on Ci Lthath X i of
t he expHhifabt et ubﬁ%ra%itﬂfl%gzkﬁ' &Vent Orarfsn\%glr?e%%ﬁgF%hgode %%t 9%%% (io%lt he
opposite direction. Once in the expanded.positio the.detent 130 gcts as a
DeRed 5% TRSHHA GHA 1y RAIHCH G GF AR SolPRRALBREERbYI S 958, O
increase the structural integrity of the expanded tubular 120 and to resist
forces b%ﬁﬁﬁb&ﬁt%ﬁbﬁiﬂ?tQQQ expandabl e tubul ar 120 from an expanded state or
position to a reduced position. The expandabl e tubular 120 may include a
plurality of |ocking nechanisns 128. Al though shown as a ratchet, ‘as an
alternative the | ocking nmechani sm may have fewer discrete positions, such
as one, in Whivdr tie dEmaRe [tEek sepACYRENEURRYLER peRfd e FH<dWH orF ¥hl y. In
anot her enbodi ment the detent may conprise a resilient finger biased toward
an ext et doposi ooy taiEors gdpSounrEsasyFbove: | Al ARt BHf At WS 0ngi t udi nal
strut 124. Likew se, the adjacent struts 124 may each have resilient
det ent ssiital i edbopiertate frod alle shefdeei ov Fhorg@ BxparkRE-§I68i ti on only
upon the tubular 120 achi eving the expanded position. These are only a few
exanpl esreindditermyl es silhhe takt depatiymest f devide. |fmodkdiawl iveariersm 128.
39 10 June 2004 :

provided by surface or downhole pumps, turbines or a fluid

accumulator, and mechanical power supplied through an
appropriate linkage actuated by movement applied at the surface

or stored downhole such as in a spring mechanism.

The bistable expandable tubular system is designed so the
internal diameter of the deployed tubular is expanded to
maintain a maximum cross-sectiocnal area along the expandable
tubular. This feature‘enables mono-bare wells to be constructed
_and facilitates elimination of problems associated with

traditional wellbore casing systems where the casing outside



Al so, various other tubul ar expansi on nmechani sns and expandabl e cells may
be utilized such expandabl e tubul ars and ot her devices. For exanple,

details of one type of expandable cell are illustrated in Figures 24A 24B,
25A and 25B. In this enbodinent, as in other enbodinents, the cell is
transitioned froma conpressed state to an expanded state. i Jivenent

fromthe conpressed state to the expahtled state and dependi ng upon the
environmental conditions as well as the materials used, material thickness
and ot her design paraneters of the cell and devices formed fromthe cell
sone areas of the cell and stru petience t Leidef oFdmdd onn I N

Fi gures‘ﬁfﬂﬁtef4§fus%sﬁear? = %ﬁda??ﬁéﬁﬁéegéhﬁggdi I&E%\t@glgfglg@cel | are
illustrated i onpressed and expanded states. In these enbodi nents, one of
t he str%ﬂ@?’?fﬂégﬁg%ﬁ'as the thinner, upper strut) has thinned portions 140
that serve as flexible hinges or joints. The thinned portions 140 are
preferably placed at areas where plastic deformation of the strut is likely
to occur as the strut noves froma cogﬁéessed t o _an_expande st at.e. Thus)
for exanpl e Theh@itthiafded SrERrAaRs @158 a5~ bBY PFE8eTP P ealf e 1Tt er secti on
of the struts 21, 22 to provide an area that is . |ess susceptjhble to plastic
def or matimmrous EPRldisations Guels 28h8l §<BRUFAPTE OB tjﬁﬁ‘?ﬁ% 0 tions 140,
the strut 40 10 June 2004 may include a single thinned portion 140, for
exanpl esheate ammeabes tablienexpasddbprastbelasf %8 et i o7 AFS S URRE & Afhned
portions 140 may be placed in other positions along the struts 21 ,22 for
ot her piapsese Foenidtiionedyarsasting dof exeeriakatpdlakfares etRéen t hat
conprise portions which are generally thicker than the thinned portions
140. Phagiltgre pustalde.y ofs thisnabdepbubibas 240ialwadiaby |mpEKest a
strut 21, 22 produces a plurality of l|inkages 142. Another factor in

det er mMygHaG A aRO sickie@niing coEohhect hwhnedtlper $hofacd 40 minchaedd FEER,

pl acenent, and design of the |inkages. Al though shown in the figures as
havi ng -8 uniffieida thidgaknessrcebenkbl pkagasi 142e neye af sondiahansa argr i2aflicgn in
thickness to further tailor the expansion) contraction, and ot her

char actg(d s{ias 0l Wrewealls ascHesewed. cdheset vsesl i noing wtoddgaspect of
the inventions, at |east one of the struts 21, 22 has a thickness that

vari es. othar. fackr a18BYcbe &omsi des efl maxqtaclementg .ofa t he thi nned
portio€§é%3§“%h§£%ﬁ% thi ckness variations of the struts 21, 22. Also, the

t hi nned_port.ions QCGU-cat rhBe hptesgecti o Nisd hered rites w2lllbd2e | n

Figuregf 4K ard f%%*a ce cem@th three linkages 142 is illustrated; and in

Figures, 25A and 208 3 ,¢68ld WrhB LPRpbiREa88s be 4add fhitie L8R4 iety of
materials including expandable.metallic and/or elastomeric
materials. BY reducing £luid loss intc the formaticns, the

expense of drilling £fluids can be reduced and the risk of losing

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

carbeon dioxide is used to enhance oil recovery from a producing



is illustrated. Although Figures 24A-25B disclose only a single cell, the
cells may be incorporated into a tool, such as a tube, having a plurality
of cells such as that shown in Figures 4A and 4B. The figures illustrate a
single cell to nore clearly show the basic concept and the cell design. The
handl es shown in the figures are not a part of the cell stry&gggfimgyt are
merely used on test cells to facilitaig testing of the cells eferring
generally to Figures 26A and 26B, another enbodi nent of expandable cells,

| abel ed as expandable cells 150, is illustrated. Each expandable cell 150

conpri sesa difk Sirddn 2@ Qre,Pr rangeld hisasts uhstdbhy Brdhet WO thin
struts 154. In the enbodi nent illustrated, each expandable cell 150

conpr i sgg 3 g%eeﬁkruasfo@mdcgas@nwl,acﬁarmzcb‘.}fl hastRepaisi®f ends
156 plvotably coup to adjacent thick struts, respectively. Ends 156 may

conprlse |3ﬁf ?9t§%me e%tagl ?égh¥69flng@?EeégﬁﬁgﬁﬁasSQP§Ets 158. As

t he pIur anda e cel S nove romthe contracted state

| lustr at ed 26A to th t I d 268,
Lhi n SERETE5a PHAGUFEE .5% EOBRCoErE: PREboh MEEREME R MRS el

Cor T S e 92 KL & bl 10Y e ot Lt %at'@o@gu;@ly B dhepairs of

corrosion rates. The present invention can be used to place
protective liners, e.g. a bistable tubular 24, within an
existing tubular to minimize the corrosive effects and to extend

the useful life of the wellbore tubulars.

Another exemplary application involves use of the bistable
tubular 24 as an expandable perforated liner. The open bistable
cells in the bistable expandable tubular allow unrestricted flow

from the formation while providing a structure to stabilize the

borehole.

Still another application of the\bistable tubular 24 is as
an expandable sand screen where the bistable cells are sized to
act as a sand control screen. Also, 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. The expandable screen element can

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



struts 154 that formeach cell 150 have outlying ends 156 pivotably coupl ed
to upper attachnent regions 260 of the lo~r~er thick strut 152. The
opposite ends of each pair of thin struts 154 are pivotably coupled to a

| ower attachnent region 162 of the next upwardly adjacent thick strut 152.
It should be noted that positional ternms such as upper and lLigWehe 9hodrerely
used to facilitate explanation of therdocation of various features relative
to the figures provided and should not be construed as limting. In another
enbodi nent illustrated in Figures 27A and 27B, a plurality of expandable

cells, dabel egh W thar ebpbenes cRUBEr abob64)reashreonpki 68ta8 theClaStrdt 166
and one or nore thin struts 168 a Each thick strut 166 is generally arcuate

and connegted f1Q §:69r FeSReRdIRInERbNs8EbYL 1 1688 AothXedogomngction
region 170 disposed at a generally central |ocation along the outer or

COMVEX BOLLEOB0L L e AGURLE LhielobEULand e O oo CSp0L SRChI 1

strut are pivot coupled to the next adjacent ick strut 166 via a

pi vot connecti on 172.that ri ‘ a socket. As the plurality
of celFgegréfnggeéd%%%ﬁPFﬁgaégﬁgggc%ggmg?gt%éi?%%%irated in Figure 27A to
t he expanded state 43 10 June 2004 illustrated in Figure 27B, thin struts

168 flex or deformas their outer ends pivot at each pivot connection 172.
As with many,  of the other cells. described herei nthe thin struts 168
nove past tﬁ@?rabBVﬁtESFcﬁFgﬁ?eng??%;ﬁr%fP?Wé?ék%xgﬁ%% FHhdBh&gy tends
to force the cells 164 to_their stable expanded state illustrated in Figure
27B. TRESE A% @i VAFLREYbPEt BBPRETRI PUCH| FUstTR 'Y PR RIS P8K and 268,
cells 164 mpve between a stable contracted state and a stable expanded .
st at e. SAABERePatRpaRBEBIEN CBIE ERbb P hehtt iR BB EPaPYFCIEAESNS8A and
28B. In this enbodi nent, each_expandable cell 174 is formed of a thick
strut #reexpandabhpnbisEabla 78svER MR htFF G herers RIS p&iittefiYends 180
that are pivotably coupled to a thick strut. For exanple, a given thick
strut pagteonpr iskoaz pitpubir sptket ShagEly ¢ HRAGEEDISR REPengélprn or bal
shaped ends 180. Additionally) thin strut 178 is fixedly coupled to
adj acehtisthbtk Sevits 176itn expanded eitdtn guat ttden cogpressing the

device into its collapsed 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 cutting 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

expanded state and then compressing 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 also be made of



exanpl e, each cell in the illustrated enbodi ment conprises three fixed
couplings 184 that alternate between adjacent thick struts 176. Wth this
design, the expandable cells 174 again are novabl e between a stable

contracted state as illustrated in Figure 28A and a stabl e expanded state
as illustrated in Figure 28B. 44 10 June 2004 Wth refere$§guﬁ{P6&gures
29A and 29B, another expandable cell 3design is illustrated. In this

enbodi ment, each of a plurality of expandable cells 186 conprises a thick
strut 188 and at |east a pair of stacked thin struts 190, |92,

respectively. Thin struts 190, 192 are.generall i i st acked
or i ent ARSH Y ISt dFU5Y 551 PnRPRG ek (é?ni%A%%%?%fg?)F 3?9192 conpri ses

a pair of ends 196 affixed to a corresgﬁndigg t hi ck f%égt 188. An
i nt er nedirass eome@d ¢4 Lorgi od L1880 fPPAFACEEPIL T992 1S  af fi xed to the next
adj acent 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 abutting engagenent with a notched region 202 forneq?i t@i sanme thick
strut |88 tahshicnfdgusatdénar ehawfi fed. ths PheCHPLP ot %/f%fr & fertdabl e
cells 186 are noved fromthe contracted state illustrated in Figure 29A to
the exparded siwte idfl udter apedainofi gir 8 PaBic dakhtdatd Gl hi ré@ﬁ":uts 190
and 192 defornms to a deflection point where stored energy in the thin
StTUtS denfMMiriAeths Asyvt be shiinableut Bulir BhepvesC Pas tPTRF R I3éct i on
point, the stored energy is released to facilitate expansion of the cells
t o theig: £xRaNder hrattese 45hed JunmePBDdsf course, with any of these
types of bistable cells, the
In Figures 14 and 15, a packer 80 formed of bistable cells

is illustrated. The packer B0 has a tubular 82 fo;med of

bistable cells 83, such as those previously discussed. In

addition, the packer 80 has at least one seal 84 along at least

a portion of its length. An exemplary seal 84 may include 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 embodiment having an internal and
an external seal 84. Figure 15 illustrates a packer 80 having
only an internal seal 84. The seal 84 may be formed of an
elastomer or other material. Further, the‘properties"of the.

seal 84 allow it to at least match the expansion ratio of the



degree of expansion may be limted by an external barrier. For exanple, if
the bistable cells are used to forma tubular, the tubular nay be expanded
agai nst a well bore wall that prevents the cells fromnoving to their fully
expanded condition. Typically, the size of the tubular is selected to
permt expansion of the cells at |east past the point of r“?ﬂ'ﬂﬂ@

def ormation. Thus, depending on the gpterial used) the cells %By %%%ually
cooperate to apply an outwardly directed radial force against the wellbore
wal | Referring generally to Figures 30A and 30B, another expandabl e cel
design is illustrated, Fach expandabbe pelha204r600BELSSS0R fied Isafl arcuate
thin sf?%?gafbé%" %Olggygéoggpeg to agcorresponding thick strut 208 at a

pi vota
general ly cen raliz%gfextend% %gig yhasphvot ends 212. Cenerally

d.1 210
opposi t% FiAYotP%eHis ?,fﬁﬁﬁn‘g?rutsﬂﬁoé Bonprise outer pivot ends 214 that
are pivotably coupled to the next adjacent thick strut 208. Pivot ends 212

and 214 can be forned in a variety of configurations, such as ball joints,
pin joints, etc. Renmoval of each_thin_strut 206 is.prev appropriate
| i gament s 2%65@nd32I856Psﬁés§6t§§Y5Fv8§ @ﬁﬁsgﬁ155%%d£§1§?£$€§%%%tivé]y. The

46 10 June 2004 liganents 216 and 218 are coupl ed between the thin strut
206 and®4 he @@mﬁ@gpgﬁ@ﬁﬁgspﬁpé@gstrgpsogesgftgrnatlve eﬁboélﬁéngla

resin or other flowable material is placed between the layers of
seals 84 (as in Figure 14). Once the packer 80 is placed in the
well and expanded, the flowable material may be hardened or
otherwise altered to improve the sealing characteristics of the
packer 80. 1In some applications, hardening of the resin or
other material ?equires heating of the material by a service
tool. The packer 80 can be expanded as described herein, and
may comprise a variety of bistable cells. In oné embodiment of
use, the packer 80 is deployéd on a run-in tool that includes an
expanding tool. The packer 80 is positioned at the desired
location and expanded to seal against the walls of the casing or
other tubular. Typicaliy, the packer 80 is connected to a
tubing or other conduit that extends downhole below fhe packer
80. The packer 80 provides a seal in the annulus to prevent or
reétrict fluid flow longitudinally in the well (the typical use
for packers). The present jnvention also may act as a well

anchor which includes or ekcludes the seal 84.



In Figures 31A-31C, a different type of expandable cell 220 is illustrated.
In this enbodinent, a thick strut 222 is coupled to one or nore thin struts
224 by one or nore spring elenents 226. In the particul ar enbodi nent
illustrated, two spring elenents 226 are formed generally in the shape of a
horn) with the base of each horn connected to thick strut 222 ,and>4dye tip
of each horn coupled to the adjacent 3zhin strut 224. In this enboﬁlnent, a
thin strut 224 is connected to each spring elenment 226 by a flexible hinge
228. The two thin struts 224 are coupled to each other through a center
beam 230 and. 2 paidrOf 4, o4 Ql1e HnRges=23RboAsmest | $s2201as ergxpanded from
a contracted state, illustrated in Figure 31A, to an expanded state,

i11ustrgted, i&ﬂoﬁgt B SRHsNG 8LeweRhSo228 Ebexuout wargl ynand store

spring energy. is design, thin struts 224 typically do not undergo

e AR ST en dutlnd IBKANeD! off PRLERCALOR! ERELRS Had & 19 Lhe

e spring elenents are elastically defornmed as
they are forced ou dl uring, nbv n n omt he
con%/r adi¥d-tht (é“atrg(wﬁé‘sy tg’? fﬁggﬁﬁegggoghggpggdéé%{ s?gfféggs\%’e%é spring
el ements 226 are flexed outwardly, they stgre_sprin € at_least to the
poi nt (ﬁi-’f%alrﬁﬂﬁafmé)iurghl%l P6§gf%t BafF#Ei gérléagll% Kg/,\?]agir]eé"?#khe%etornut%g 224

are general ly parallel with thick strut_222. Once, center_beam 230 noves
past t MEEWSURL Yo ameringsh-st dRe8i9pFEngt endry: 537 ity Biersits 226 tend
to rel ease the stored energy and nove inwardly, thereby fqrcing thin struts
224 andad@miarl Blabs23d 1o trRESExpENTEBOPBL | 'f%loﬁe‘f‘??]us‘%/qedﬁﬁcftﬁg@te in Figure
32C. Deformation of hinges 228 and 232 facilitates, the pLyoting of thin

strut s @24 memirhgheonndgsizdngt srbuiart he- exPaffedV R dt’e. "RUAHHIEThor n
cell designis illustrated in Figures 32A and 32B. In this design, a

pl ur al igor toifort 10K sstildus tza6edr encbtipl expPariRd HEF2 %G a thi FRauLd 2238 and
horn spring menbers 240. Specifically, each thin strut 238 is coupled to

t wo homrfotsy ithgtmambeyei2dQ tpppécatioss otlgavefl aqrdsittes Sadst of
energy. This greater energy storage provides added positive energy for
openi N@EeR Irp 23 vico Hilkekblexpahtisedf posed | Unsraigt i [dast matte@xip@nFi-gur e 32B.
In the exanple illustrated, each double horn cell 234 has two outer horn
spri ng mREeche24dbodawehed fbe apeathink sie utelZ36G;orghd tt wo ithweer horn
spring menbers 24D, coupled to the next

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.

Tn alternative embodiments, the well conduit has a
plurality of bistable cell packers 80 formed thereon. In yet
another alternative embodiment, a portion or portions 91 of the
well conduit in addition to ﬁhe packer portions B0 are formed of

bistable cells so that these other portions also undergo



48 10 June 2004 adjacent thick strut 236. One thin strut 238 is coupled to
each cooperating pair of inner and outer horn spring nenbers via
appropriate hinge regions 242. Thus, as the double horn cells 234 are noved
fromthe contracted state illustrated in Figure 32A to the expanded state
illustrated in Figure 32S, cooperating pairs of inner and oyheynB9hhs SPring
menbers 24D are flexed outwardly to aapoint at which the thin struts 238
are generally aligned. Subsequent to this point of expansion, the horn
spring menbers 240 begin to release the stored spring energy and force thin
struts 3hdHWwH dssdderfldey 1expanded siraies. pAfebnkoray of sAayi Ag-el ements
also may be utilized in facilitating expansion of a variety of cell types.

For exaple.s ighddWe Sparepandabl e eeld «2440ns,i khusbeatedpbi: wi ch
adj acent thick struts 2 are coupled to a thin strut 248 by a different

type ofp spring Tenhers 250 £SAL0 AREheLS %gglrma PRecaibed, Yngdading or

arranged "al ong ot her paths that accommbdat e e transitioning of thin strut
248 fraom t contsact state illustrated in Figure 33 to an expanded
state.i%hﬁ?ﬁéf“??%%%ﬁg%ﬁﬂing systemis illustrated in Figure 34 as an
expandabl e cell 252. A pair of thick struts 254 are coupled by a pair of
undul ating thin struts 256. The desi gn of 49 10 June 2D04 thin struts 256

i ncor por at es plyrality of spri elements. 2S8 that both, acco dat e

Fl exure of FF%QHHIHQSFPuf&gﬁggsaﬁgAé§paﬁ§i8ﬁg8fn? t2ef Y52 By Storing and
then rel easing spring energy._The spring ener i S released. the thin

Str Ut 5 RESRRET (B SHAICTn G0 NL ISR T RESTNT 71 ERUPRST bhar ol e 1T
expanded state. To secure the overall device, e.g, tubular) in the expanded
posi t i GEC tdomEekiVA§ mecRRRfi &ifPRRGIBESUPRFISRALE ST etit & %%’dﬁaﬁt&ém
cells fromcontracting. Exenplary | ocking mechani sns, may be associated with
i ndi vi @Fdl ex@ansgedoptaRey nESBECFbEal¥d &td ote AT i8S tions al ong the
expandabl e device. In Figures 35A-35D, one type of |ocking nechanism 258 is
i || ust edevationathvdewnibdoneat 18@) posTheemr¢kes | shr) ylﬁfg‘d—@%@ rasg

correspondi ng recess 262. A ratchet finger 264
tubular 82 formed of thin struts 21 and thick struts 22 forming

bistable cells 23/83 as previocusly described. Slats 92 are
attached to the tubing 82 at one edge and extend generally
longitudinally in the embodiment shown (see Figure 1BC).
Specifically, each siat 92 is attached to the tubing 82 at the
thick struts 22, and the width of the slats is such that they
overlap at least the adjacent 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 alternate thick struts 22 or.in cther configurations.
Furthermore, the slats may extend in a direction other than the

longitudinal direction. The slats 92 slide over one another



extends generally transversely towards post 260. Specifically, ratchet
finger 264 conprises an engagenent end 266 that resides in a recessed area
268 of post 260 when the overall device and | ocki ng mechani sm 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 frongapnadpasent
support surface 270, as 50 10 June 2Q04 illustrated best in Figure 35D
The ratchet finger 264 continues to slide along the side of post 260 as the
device is expanded to a nmaxi mum degree illustrated in Figure 35C. Wen the
expansi @irfi QL CexbSnEEHAXES, LIy SR J\rERUhPeSt 1236Qotevands
the contracted position is blocked by ratchet finger 264, as illustrated in
Fi gure D tdengt 0 nove towards its contracted state,
engagenggtt%%zog%%i?%é%?ggied f?%%Iy into interfering engagenent with the
si de of post 260. Additionally, support surface 270 limts the novenent of
ratchet finger 264 in the contracting direction. The side wall of post 260
may conpri se, t eet ot her interferj f eat un that _aid _Ln.RpLe ting
ag6€£ b%‘%gf(ei%e AL Scthﬁg# Y &d létlggss?a £ 8 grbghﬁé yeD

moverment of Post owar e contrac ate€.” Anot hér éxenpl ary

| ocki ng mechani sm 272 is illuystrated in Figures, 36A:36D. In_thi
enbodigﬁﬁ?, C¥ of er%ﬂ%ﬁ%ﬁ‘zggtﬁfuﬁ ﬁ%ﬁ“?%lphghgxﬁéﬁﬁﬁgﬁea eg?ggstUCh as

in the wall of_ an expandabl e tubular. Fork ratchet ﬁ74 ﬁonggises awggir of
prongs 28 $¢at BhcHHFatBvE RVErgSRRTENGes#8E1FR FRRTCOATT At st e,
prongs 276 are received_in an openi:ng 280 having a general ly_ hourgl ass
shape prilitey t wmasrd wortds he Pépgent2efld 57 u}%gi%%'inx%?%iv Yent or
expanded portion 282 of 51 10 June 2004 opening, 280_and nust be pul | ed

t hr oughseahat4 owrwrhathsttient chagoctiesa SEEZSWRERY E Pies t ekt 1 panded.
During expansion of the tubular or other device) divergent portions 282 are
drawn t he cangh oemigtr iisttetnedgisenl28&tcdee Figures 36S and 36C.) Once prongs
276 are drawn clear of opening 280, the divergent portions 282 once again
spring outwardly to their normal position. In this position, divergent
portions 282 are wider than the entrance to opening 280, and fork ratchet
274 is prevernt eshdulaintreeeniceri njacpebichgug@BbDiescribed as a packer, the

present invention may be used to provide isolation over a long
length as opposed to a traditional packer or downhole tool which
generally seals only a relatively short longitudinal distance.
Thus, the present invention may be used in a manner similar to a

casing to provide isolation for an extended length.

In Figure 1%, a perspective view of packer 80 (or isclation
device) having a plurality of slats 92 attached thereto 1is
illustrated in an overlapping arrangement as previously
described. The tubing 82 includes end extensj.qns 94 that e:;tend
longitudinally from the endmost cells. The slats 92 may be

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



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

| ocki ng mechanism 284 is illustrated in Figure 37. Locking nmechanism 284 is
designed for use with horn style cells. In the specific exanple
illustrated, a slot 286 is fornmed between a pair of spring nmenber horns 288
within a thick strut 290 of an expandable cell 292. A wedge 394,n,8%084dS
froman adjacent thick strut 296 intgsslot 286. As cell 292 i's expanded,
wedge 294 is drawn outwardly through slot 286. The size of the wedge tip
298 and slot outlet 300 are selected to interfere when cell 292 is in its

expanded, stiat&. - S PTL¥eS dd drGiof RALRS s288r50var ds gl ghe286 and
thereby I nhibits collapse of the expanded cell. 52 10 June 2004 Referring

gener aldapd 4 AN 6% 38hediile 3 oY 120 edl 08xBAA0ADEE ALl 8Ndnk OG0

mechani sm conbi hat i ons ar ust rat ed. specific reference to Figures

38A and 38R e IO TRl oL AR S1RR0daRkeaCet L, 307 campr Laes gk

struts are coupl éd togée In struts 6 Via spring nenbers
308. Each thi strut 304 rises aone re,.e.g. t tchet fingers
310 thgﬁ“ﬂ!%ﬁg%ﬂQﬁﬁ;%?%%ﬁﬁggggk VﬁgaFaFgﬁgggggr EC%HBng?oéﬁe on expanded
regions of the thin struts Oo'ﬁé§ee iqure 38B). tchet. surface 312 may
.i ncor e Fat & %%ﬁﬁﬁ1aﬁ§°e Xg&tgﬁggeﬁa B?Qtﬁggé%?r%%ﬁ%ﬁdﬁng r at chet
finger 310. As the expandable_ cell 302 is transitioned fromits contracted
st at e, PRSLNs titdsedqech afegbie §482Sto an expanded state, as 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 3| Zrhbdkurenwdfds arhexpantprieetv3ing e(oTFFaEHor €0 difpport

surfaces 314 may be relied on to limt any flexing of fingers
illustrated positioned in a well 100. The conduit 90 includes a

plurality of spaced packers B0 or expandable seaiing devices.
The expandable packers 80 engage the wellbore wall preventing
annular flow thereby. Therefore, any microannulus formed
between the expandable tubing 90 and the well 100 (which may
include a casing) is sealed in the longitudinal direction to
restrict or prevent unwanted flow thereby. The conduit 90 may
include one or more such packers 80, as desired, to control the
flow. TFurther, the packers B0 may be spaced at regular
inter%als or at some other predetermined spacing to control the

flow in the annulus as needed.

In one example, illustrated schematically in Figure 21, the
individual joints of tubing 90 are interconnected by a packer 80

to compartmentalize each joint of conduit from the adjacent



310 back towards the contracted position. Thus, when the expandable cell in
its expanded state, each of the ratchet 53 10 June 2004 fingers 310 acts
agai nst a correspondi ng ratchet surface 312 to support the cell against
col | apse. Anot her enbodi nent of the systemis illustrated in Figure 39 and
utilizes fingers in the formof ratchet pawls 316. In this qgbgdipsesi. each
ratchet pawl is fornmed in an approprigte thick strut 304 by creating an
open area 318 configured to receive a correspondi ng portion 320 of thin
strut 3Q when in the contracted position. Each ratchet pawl 316 nmay

conprise a plurality of teeth 322 sitioned. to_e resp Ino; .t eeth
324 extm?\bs)fforﬁ'kb%rﬁarcdﬁ?%%f cﬁdﬁi 9 (?naslelpf?‘)rag rgglﬂg‘?cgg% %%GQﬁgwgléﬁ

formed al ong ratchet pawl 316 generally opposite,gpen.area 318. Relief cut
326 al | DisuratZhar panw ca31 e & T g?&&@h"@%ﬁré"é?&@;ged past teeth 324
during transition of the cell froma contracted stat% to an_.ex agﬂgd st ate.
Teeth FRecanitiBely artdhalasiingd 8 GiTePenPost-54aPEdor bt AB EBFI “bnte
expansi on begins. Thus, the ratchet pawl 316 effectively ratchets al ong
porti onj @26 hd di iy tthee wieldlacfeddi® dedinti dRal OHe@Feén%foa}Q‘B’énsi on. As an
alternative to teeth) the ratchet paw 316 and cooperating portion 320 may
utiIizel&&iuﬂoﬁ)ﬁ&ﬁhgﬁidﬁﬂkﬁﬁgﬂhungImeamﬁr@@bpélﬁﬁégeﬁ?tﬁoﬁ??%%%F0%3of t he
cell. 54

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

cells,

Referring generally to Figures 22A-B, an alternative
embodiment of the present inventionris disclosgd. The device
shown in these figures may be used as a packer, hang;;, césing
patch, or other device requiring expansion and is generally
referred to herein in reference to these figures as.an
expandable tubular 120 for ease of description. The expandable
rubular 120 comprises a series of cells 122 formed therein, such
as by laser cutting, Jjet cutting, water jet cutting or other
manufacturing methods. The cells 122 are oriented such that a
number of longitudinal struts 24 are formed on the expandable
tubular 120. Thus, as shown in the figures, the longitudinal
struts 124 lie.between iongitudinal lengths of cells 122 with
the cells 122 having relatively thinner struts 126 extending
between adjacent longitudinal struts 124. As shown in the

figures, as the adjacent longitudinal struts 124 are moved



10 June 2004 The | ocki ng nmechani sns al so may be used in cooperation with
expandabl e cells that are not necessarily bistable cells. cor exanple, in
Fi gure 40A an expandable cell 330 conprises a thin strut 332 di sposed in an
expandabl e "ai shbone"” type configuration between the thick struts 334 to
which it is connected. A |ocking nechani sm 33" 0o cooperates W%Rm ggﬁogr nor e
of the expandable thin struts 332 to BGl d the expandabl e cells 3 , at an
expanded position. As illustrated in Figure 40B, a | ocking nmechani sm 336
may be conbined with each expandable cell 330, or there may be nultiple

expandablLggcel&snd Ofy eachnd Qeking JRChan w336 . d.n ithicppesbedi nent,
| ocki ng mechani sm 336 conprises a post 338 having external teeth 340. Post

338 is gkidablynsecained i thifyAn peniNng.3hasdehined y.qpg or nore
flexible fingers 344 having engagenent tips 346 that engage teeth 340.

Fnger seddfallex aWpand Yo o al Lo dieelt ;330 ke ugh! 494PASL eRgageent Ll ps
346 as the ce i s expanded, but endagenent tips 346 prevent post 338 from
noving in_a direction towards t ont,r,acted, st T, o) dabl e
cel | BB%QF%r%i%%naoencﬁltluoc |a(r:'1tg srtr:eglﬁ;sniritszr% %g B?e@éﬁ? g Qg%} ?a@??oﬁﬁ(}g%nt he

cell. 55 10 June 2004 A simlar es%%ga%§ illg%g%gtgdo%n Fégures 41A and
41B. ThP&T4eSi YAt Shis YRE Yex pafida &FF BRLEFTBECCHi P reference to

Fi 40A and_.a |.ocki hani .Qf the t d i bed in Fi

36 36DLOAFHIRE Y FE LT itk PrOv ERFaAaoPEORRFFen33b e TRV F%om t he
pontracted state illustrated in Fi ure 41A to the gxgaﬂfed state

i |1 ust rat@dthie FFRANGEL4ER EUPHE A %%BoneTgfﬁlﬁy?ﬁlﬂ SEPHt 13 B SHRGERdS

Si nul t aneously, prongs 276 are pulled fromtheir correspondi ng opening 280
to a podf tawremdahleyemld t8akt i§y BPEIBERE2DUSi nto opening 280. The

| ocki ng mechani sm may be desi gned such that prongs 276 are wi thdrawn from
and bl ocked fromreentering opening 280. Alternatively, prongs 276 nay be
designed for interference with corresponding teeth or other interfering

f eat ures 335G dicsjkised relcbagishe 188t nay| baiwsed eaghoperitmg®80 to prevent
return novenent of prongs 276 into opening 280. It also should be noted

t hat exparalde daditdes, oSutheasxpapdadhd| eulvwlban a¥3) . cads sdwofvor ded with a
variety of cells and 1ocking nmechani sims having differing configurations,
such asFhange AN BSi zheOkxbypdabas tlbubir atad swhenkde cald pxi moFegure 42.
For exanple, by stacking cells of different |length or eccentric offset in a
sheet arodwribe; nidchiasipagsiibbesbacdasaitnan:operemgrbics thet exbhadabiact ure.
The expandabl e devi ce may be 56 '

tubular 120 and spaced radially about the expandable tubular

120. One embodiment of the locking mechanism is shown iﬁ
Figures 23A-B. 1In the embodiment shown, the locking mechanisn
128 comprises a detent (or fingef) 130 extending from one
longitudinal strut 124 and cooperating with a set of ratchet
teeth 132 provided on another longitudinal strut 124. The
ratchet teeth 132 extend from a ramp area 134 of the
longitudinal strut 124 to accommodate for the relative movement
of the detent 130 to the longitudinal strut 124 having the

ratchet teeth 132. The ratchet teeth 132 generally allow



10 June 2004 designed to allow certain rows of cells to open prior to other
rows of cells or for the cells to open in a predeterm ned pattern or at a
predetermned rate. In Figure 42) for exanple, an expandabl e device 352
conprises rows of expandable cells 354. However, different rows 354 have
cells of differing lengths, e.g. cells 356, 358 and 360. Thﬁ?Jﬁh Y4
certain rows of cells to open prior t®mgadjoining rows of cells, because, at
| east with certain cell designs, the length of the cell affects the force
required to expand the cell. Incorporating different rows of cells into an
expandail e GF aHoowetdhe user cherkaawihhe fakerofiiexpanshon for a given
depl oynent force and facilitates the design of devices having cells which
open i idYiedal LRIt d HRLQupRaei cAddEt tRRALLYan&iel dSeueh1 L T2y enind ypes
of cells can inprove conpliance of the expandabl e devi ce When the
depl oyt S 6B isshel@t o4NichQr BLakapgy heih engl Noglod hee demiga s dd. will be
understood that the toregoing description is of eXenplary enbodi nents of
this inyention ’tkﬁ%“%xgagﬁbehhgoéﬂgﬁ%l OPll'xésth%rbé A4 ed. {0 Ihe spegific forms
e; nda

shown. "For  éexanp e exp e cells can be conbined into a variety of
tubul ars _and_ot her _.expandabl e _structures; the si.z n ha f t

ex pandgglréﬁc &Y e&ﬁ&ngog E?ﬁacﬁ%%ﬁ a?]}f S e c%’?%%éaabdf U giugjdl Sl atzﬁngﬁ)y peg% of
material utilized can be changed dependin n_the 0, June .200 7

speci f FE&FASEC &gleoﬁ Er Hﬁauﬁaga’r’? BEY- Y rr%% h%fﬁ ser%ar%yedoimt}fsue:ﬁrt guéx pand t he

cells. Al so, the various ce|lls_can be forned br a variety o echniques

i ncl udPRG FRs&FSEatt FAGFEF et REEY ng° TRfert eete’?ﬁﬁr’ta‘iaﬁ’é%ﬁd&b‘ﬁﬁér Q?gr mat i on
techni ques. These and other nodifications may be nmade in the design and
ar r angéent 28f SKRBNEPEnBREESVRE RUTL IeFarks iy F5onSh @0sdspetof Fﬁs

i nvention as expressed in the appended_cl ai is. 58 10 June 2004 CLAI M5
WHAT | s¥eendrbbel subalaznlé® gamd abtel Wiw it @1 edhitvsiafg L ogki8%pansi on
menber having a plurality of cells that are expandable from a cl osed

posi t i mechenasmgpéABposition, each cell having a thin strut pivotably
coupled to a thick strut at a hinge region such that the thin strut can
pivot relative to the thick strut. 2. The expandable device as recited in
claimi1, wherein the thin strut and the thick strut of each cell are

pi vot abl y caliphedgbyshowhnag ai tatetThesexpandablireadeviecehasleekit®ed in
claim1l, wherein the thin strut and the thick strut of each cell are

pi vot ahkyhant phedapyhavdatf dwandiisaoksate jpaisittiods, Thechxpandadl eimevi ce as
recited in claiml, wherein the thin strut is coupled between a fixed end
and a phvehabhe €88end.1ddles epanialtha lgeexpandedr pestetlonhnoglai m iy
wherei n the expansion nenber conprises a tubular that undergoes radi al
expanshAnt+duti BanhsxpRast dhofadhe pldsralcoiprokecel k8silient finger

biased toward an extended position that snaps into a groove in
an adjacent longitudinal strut 124. Likewise,.the adjacent
struts 124 may each have resilient detents that cooperate to
lock the device in the expanded position only upon the tubular
120 achieving the expanded position. These are only a few

examples of the many possible alternatives for the locking

mechanism 128.



6. An expandabl e device, conprising: an expansi on nenber having a plurality
of cells that are expandable froma cl osed position to an open position,
each of the plurality of cells conprising a thick strut, a first thin strut
and a second thin strut, the first thin strut and the second thin strut
each having opposed ends in contact with the thick strut, thg jfhd8sbod hin
strut and the second thin strut also 3®mth being coupled to a next adjacent
thick strut. 7. The expandabl e device as recited in claim®6, wherein the
first thin strut is physically connected to the second thick strut and the

second thinastput vhsidib,ePesad, i PuBbULL BILENFAGE BAEhW { find he,d hick strut.
8. The expandabl e device as recited in claim®6, wherein the first thin

strut 2aglabiepsecand: by ShEuL - 21 £ GRNELAY | hPAIAD R -ty 1N, GRANdaD €

device asS recited in clarm erernt first thin strut 1s [onger than

t he se t hipn. ut . 5 ne 0.-T qgggp I V{.G& .as
reciteggggrc g?ﬁ?%%'mhg?gi%x%ﬁgfgkdaﬁggﬁ%;ﬁ%%ﬁgﬁec nprgggégc ?ﬁ%ﬁ ar. 11
An expandabl e deyice, conprising: an e nsi er Vi Ng lurality of
ol | o ERLT BFE ShbRGERLERT it Stk clEbo T oo S Qe padl (HoR, | ench
of the urality of cells conprising a spri memher, tqQ hold the cgell in
Che. opBRPBOCTERbN 2250 THE o PHTRETRHE (T d e b o S TR
wherein the spring nmenber conprises a horpn. 13. The expandabl e device as
recit ed PR 21 SPHPIISSGReF R M tH FprifRpMSHh& 3 Sprises a pair of horns.
14. The expandabl e device as recited in claim13, wherein a thin strut and
a thick strut extend between the pair of horns. 15. The expandabl e devi ce
as recited in claim1l, wherein each cell conprises a double horn cell. 16.
The expandableinevheeenent efrqrediian qdramgasERd Wiertesi #oes8R spPRAGSReNber
conprises an undul ating spring nmenber. 17. The expandabl e device as recited
in cl ashrtig, aniedependieg expandild enwrsemensidr condisipgbubarwehhtas

under goes radi al expansion during expansion of the plurality of cells. 18.
An expendabh eedbyl £ eysadnpudtsimgl anhiekpassi endnettber Hasigg a plurality of
cells that are expandable froma closed position to an open position, each
of thepptametety of e |Sellonprd siavd ceest fiockest fubmahteacehl n sémait , t he
thin strut having an undul ating configuration with a plurality of flexible

j 0i Nt sard®s dhetxpasmdabirel davues asyr esipegdehnecbaasaril8, dabhermsdni@ach
flexible joint conprises a thinned region. 20. The expandabl e device as

reciteghimghaddnih, what eidveael thBnagdetagt ohe UBHBE@DREN Pd ast i
def ormati on during expansion fromthe closed position to the open position.
cell are illustrated in compressed and expanded 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 portions 140 are preferably
placed at areas where plastic deformation of the strxut is likely
to occur as the strut moves from a compressed to an expanded
state. Thus, for example, the thinned portiomns 140 may be
placed near the intersection 6f the struts 21, 22 to provide an

area that is less susceptible to plastic deformation. Although

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



60 10 June 2004 21. The expandabl e device as recited in claim 18, wherein

t he expansi on nmenber conprises a tubular. 22. An expandabl e devi ce,
conprising: an expansion nenber having a plurality of cells that are
expandabl e froma closed position to an open position, each cell having a
thin strut coupled to a thick strut at a joint, the joint b?bﬂgné‘?ﬂ)dh
together by a liganment. 23. The expangdabl e 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 expandabl e device as recited in claim 21,
wher ei h |, R~SLrut .y S eady GBldmAre Ritvahabl y

coupl egla ygggg{éﬁle %n%igggge%ﬁjﬁo?%?%%SE{%e%Oxpandabl e é%vi ce as recited in
claim %g‘eam@gr%égrggge&h%faéé{é‘tdéﬁ) &0 beteen &, d iptgdneRd and a

pi vot abl' € end. . met'hod of expanding a device, conprising: creating a
plurality, of bi ble cells,in I devj ce | Ln struts
to corpggbbﬂ]a? ngh? h'in%%cg? r%%asc?c%r%%g#]tkg%rn e%%ﬁ\rﬁns%; alai)gf)jl%;i%ﬁlg %%rggéansi on
force t |1 in adirection that transitio t pl.ural.ity of bistable
cells %?on?g %%ﬁt?ﬁg?ﬁdp‘é{%?%eﬁb a %xtﬁﬁﬁleeéfsr%tsaes; Hgﬁdqggg ng the

bi stable cells in_an expanded st%itle w th a | ocki ng nmechani sm 27. The

met hod 1 2BKFERF t L2 | MReF SRR RET U héPBEmsA SR PEPm A CE Blbrality of

t he | ocki ng nmechanisns in the wall. 28. The methog as riﬁited in claim 26,
wher ei geepEat FYigtBbHERT sER T dullt i iy ech RO%EA O56r af Ur 86rPesPondi ng
thick strut through a pivotable hinge joint. 29. The nethQd as recited in
cl ai m pburghbee| it ckleHEn9Yy Hﬁﬁﬁirqrs%gl@o@ﬁoﬁﬁgtéﬁcﬁeflﬁitﬁ 8tr 8t Stbth
correspondi ng thick strut through a flexible hinge joint. 30. The nethod as
recit edli n22| prodeses wharleine ldrigatding iedmgesséé2coupl i ng each thin strut to
a corresponding thick strut by a hinge joint having a plastically

def ormabl e thinned region. 61 10 June 2004 31. The nmethod as recited in
claim 26, wherein creating conprises creating the plurality of bistable
cells in a Anbther . £82 o him rietthathiad ngetheedosatebaing34f wherei n appl yi ng
conprises applying a force in a radially outward direction. 33. The nethod
as recthfehéd Sbot 106, 1 falrithame onpbiesi, ngleoceapking and| dastgmnet thlien strut
to the at least one thick strut by a spring nenber. 34. The nethod as

recitegd;hpagdal mZochditt heloweOnRy icHengigoupki ag hivieass wmefétmn strut to
the at |east one thick strut by a horn spring nmenber.

thickness, the linkages 142 may also have a variation in

thickness to further tailor the expansion, contraction, and

other characteristics of the cell as desired. Therefore., in one

broad aspect of the inventions, at least one of the struts 21,

22 has a thickness that varies. Also, other factors may be

considered in placement of the thinned portions 140 and the

thickness variations of the struts 21, 22. Also, the thinned

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

In Figures 243 and 24B a cell with three linkages 142 is

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



35. An apparatus, conprising: an expandabl e nmenber having a plurality of

cells that are expandable froma cl osed position to an open position, the
plurality of cells conprising cells of differing sizes. 36. The appar atus
as recited in claim 35, wherein the expandabl e nmenber conprises a tubul ar.
37. An apparatus, conprising: an expandabl e nmenber having a, Iuralhﬁx of
cells that are expandable froma cl os position to an open Q&EP?? , the
plurality of cells conprising cells of  differing configurations. 38. The

apparatus of claim 37, wherein the expandabl e nenber conprises a tubul ar.
39, An expandableateni CealQholish &g A€l borss e JONENon GOMPILi 550 3

plurality of expandable cells; and a | ocking nmechanismto hol'd the

plural i by of eeLl 8ei il an.pxpanted, st e 40 dhe, expandahl g, device,gs

recited in claim wherein t _ ng nechani smconprises a ratche

ol ur al i BgvafY 2 P ERhary o et Eranretid T Sl IHE SrpiduseE devied as
e e Lol
o angetiP bR BOE e Sb A e oA G i Ao areL e dPPHRcl 3 A0,

wherein_the ratchet nechani smconprises _a finger ratchet. 45. The

expandabt 8 HRY 2% 2O ctiRFd i dBA H4d, SHIECEIA S hEY-afEReTeRBERaNi sm
conprises a fork ratchet. 46. The expandabl e device as recited in claim 40,
wher ei NUERe Patehtt FRishacnphiades tashagecfaheTRgLé&pandabl e device
as recited in claim39, wherein each cell of the plurality of cells
conprises a wi shbone cell. 48. The expandabl e device as recited in claim
39, wherein the plurality of expandable cells conprises expandable cells of
di ffering sikeSerding Thmemaddyddlyl &iduvese288 ardi £ed. i anetlgm 39, wherein
t he ratchet nmechani sm conprises a ratchet pawl and correspondi ng teeth. 50.
The ex pamiotadi reerde wi i examndetilieedaliscl derbe38d abeerpandhiel ¢ ookliiy iddchani sm
conprises a plurality of |ocking nmechanisns in which an individual |ocking
mechani is#n i shassacicatl .ed Rechh esaehdaxpandabl elgel tomprises a thick

strut 152 and one or more thin struts 154, e.g. two thin struts
154. In the embodiment illustrated, each expandable cell 150
comprises a pair of thin struts, and each thin strut 154 has a
pair of ends 156 pivotably coupled to adjaceht thick struts,
respectively. Ends 156 may comprise ping that are pivotably

received in corresponding sockets 158.

As the plurality of expandable cells 150 is moved from the
contracted state illustrated in Figure 26A to the expanded state
illustrated in Figure 26B, thin stru;s 154 deﬁorm sufficiently
to permit pivotiﬁg of pins 156 in their corresponding sockets

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




51. A nethod of expanding a device, conprising: formng a plurality of
expandabl e cells in a wall of the device; expanding the plurality of
expandabl e cells; and |l ocking the plurality of expandable cells in an
expanded position Wth a | ocking mechanismfornmed in the wall. 52. The
method as recited in claimb51, wherein | ocking conprises hoh@igﬂagéq?
plurality of cells in an expanded pogtion with a plurality o# rat chet
fingers. 53. The nethod as recited in claimb52, wherein |ocking conprises
hol ding the plurality of cells in an expanded position with a plurality of
| ocki ng posts.._54. The t had it I | ai 1noWagrei msEocki ng
conpri sesThbf djr%b tHe- o CJu]:frrztalelatcf/}?o < glel %SJ :h%v%n%gg%gndgd position with a
plurality of fork ratchets. 55 _ Th a Ltedsbhngel aha bdvemherein
f or m ngPEGRARRPSESCTH IR gf?tﬁ?%ﬁﬁn%a#%%ﬁ%% te§8§§3§%|§6gef|s in a tubular.

63 10 June 2004 56. The nethod as .recited i { eLek L g
conpr i sEBLElr HEREE al Dt ur A0S VRO TG 56’1%5’ ggp%%gggkglge%s?ﬁ%% é% system

f.or expanding a tubul ar nmenber, conprising: ans_f in pturality
of bi st hbk eatel PEve FRRL A IURIEG HE m}awé??‘; aﬁggﬁém grE %%%%‘%‘é. %Sé‘t he

plurality of bistable cells froma contracted ate_towar ap, expanged
state; thd neansubwrrdre\aditd /Pt Wéllﬁlkursélriuf:y%% " bi %_%’a\é\?‘gggceil g %rom
returning to the contracted state by integrallg formng a giur&lé&yt f

| ocki ngtheehaosssowdt heerms eusth @SpEPERSN 28 LRESPHI GF al'FEY - Hf “Bi st abl e
cells. 58. The systemas recited in claim57, wherein th% nmeans_for

creat i ngaeoDptiasesespesitioth o |ther dliceé 1Per REIVEREBUGhEERE WETI . 59. The
systemas recited in claim57, wherein the neans for expandi ng conprises a
pl ural i +¥1 81§k exd btige tiqustsy @rviekd TRd sherésh BStr B8 F%’Eisglﬁu% & 57,
wherein the means for expanding conprises a plurality of spring nenbers.
61. A netihodiRE. expanding a tubular, conprising: providing a tubular with a
plurality of cells disposed along |ongitudinal struts; and noving at |east
two |ongitudinal struts longitudinally with respect to each other to expand
the tubular. 62. The nethod as recited in claim®61, further conprising

| ocking the &Hbaﬁafhéfl anbexnanted 1Shatreated. ifhrigerhed23d ardi 2 . i%
claim62, wherein [ocking conprises engaging a finger portion of one
|0n9itUd&Q%|1§%§U%f“é§£bﬁﬁﬁhfﬁ Jores 1 akehekdt eeth desposede omupemther
| ongi t ullinaf " stf uf:

164, each comprise a thick strut 166 and one or more thin struts

168. Each thick strut 166 is generally arcuate and connec;ed to

a corresponding thin strut 168 at a fixed qonnection region 170

disposed at a generally central location along the outer or

convex portion of the arcuate thick strut. The outer ends of

each thih strut 168 are pivotably coupled to the next adjacent

rhick strut 166 via a pivot connection 172 that may comprise a

ball and socket.

As the plurality of cells are moved from the contracted

state illustrated in Figure 27A to the expanded state



64. The nethod as recited in claim®6l, further conprising form ng each of
the plurality of cells with a thin strut extendi ng between adj acent

| ongi tudi nal struts. 64 10 June 2004 65. An expandabl e device for use in
a wel l bore, conprising: a tubular having a plurality of |ongitudinal struts
and a plurality of thin struts connecting the |ongitudinal ruts, erein
relative |ongitudinal novenent of the 4dngitudinal struts CZ&S@QEIZEQWGJ
expansi on of the tubular. 66. The expandabl e device as recited in claim65,
further conprising a | ocking nmechanismto hold the tubular in an expanded
state. 6FluFhvacrpabdableudev?és, ashiected:$ nl @3 af Ie65r wiedicgim ashe

| ocki ng mechani sm conprises a ratchet nmechanism 68. The expandabl e device
as reci thdirnogtear neds mherei at eaxth rat ohetcorechaniem cenpr iasesviahf i nger
menber and a plurality of ratchet teeth disposed on adjacent |ongitudinal
st rut s. maMy N6 NKtiANQGE N PNkt NI@ NBescribed herein, when the thin struts

/ NQ*/ N6/ NQ NR/ N7/ N/ N7/ N/ NP/ NQ' N/ NQO/ Nk/ Nx/ N N/ NQ N/ NI / Nk/ NQ NP) / N/ N Nk. / N

RINQ N/ N6 7ehdNed NI dNe/ R INEFih Nk BN/ N KA N 1l NG 1/ N8/ N IERDNPENY NLE £ ABEK/ N?
/ N"k/ N/ Nk/ N8/ NX3*f | AWs1oml qzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

| ca] ca] ed£q) Creld £ ] cR) L) cal€ add 1 algualeal-ealica sUkeialkegheakga q W[

6 | no(C}!~ytoje [V]ca]ca] ca]ca]ca] ca]ca]calca U c”a]ca]ca]ca]ca]ca]ca]ca
Ul c"a] caf£ad cal Gadoaliea] ol arlhalealanl caheal cakeah bYW Lsu, DWW xsni d_Z]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] caJcal ca]ca] ca] ca]ca]
ca] ca] cadrad cAl Al G Figures 263 and 26B, cells 164 move between

a stable contracted state and a stable expanded state.

Another expandable cell embodiment is illustrated in
Figures 28A and 28B. In this embodiment, each expandable cell
174 is formed of a thick strut 176 and a thin strut 178. Each
thin strut 178 has a pair of ends 180 that are pivotably cdupled
to a thick strut. TFor example, a given thick strut may comprise
a palilr of sockets 182 to pivotably receive pin or ball shaped
ends 180. Additionally, thin strut 178 is fixedly coupled to
adjacent thick struts 176 in an alternating pattern. For
example, each cell in the illustrated embodiment comprises three
fixed couplings 184 that alternate between adjacent thick struts
176. wWith this design, the expandable cells 174 again are
movable between a stable contracted state as illustrated in
Figure 28A and a stable expanded state as illustrated in Figure

28B.
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OF course, with any of these types of bistable cells, the
degree of expansion may be limited by an external barrier. For
example, i1f the bistable cells are used to form a tubular, the
Eubular may be expanded against a wellbore wall that prevents
the cells from moving to their fully expanded condition.
Typically,.the size of the tubular is selected to permit
expansion of the cells at least past the point of maximum
deformation. Thus, depending on Ehe material ﬁsed, the cells
may actually cooperate to apply an outwardly directed radial

force against the-wellbore wall.

Referring generally to Figures 30A and 30B, another
expandable cell design is illustrated. Each expandable cell 204
comprises a pair of arcuate thin struts 206 pivotably coupled to
a corresponding thick strut 208 at a generally centralized
extended region 210 via pivot ends 212. Generally opposite
pivot ends 212, thin struts 206 comprise outer 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 disposed at pivot ends 212 and 214, respectively. The




109 ()-b! 10%& ()- % r st umnbC 10" EW 10%& ()- 10 10 10QB410% ()-

109 ()-Tk: . 109 ()., 109 ()-wQIEMDC o' L 10%&'()%34 O

10%-& () - ba#l 10%-& () - Z10%-& () -} N=l 1098 () -} #710%& () - Qr*] A2nbC

10"/ W 10%-& () -1 7' YA0%X& () - 7#10%-& ()-! ! 100%4& ()-! Q¥10%+& ()-K10%& ()-]

pgr subC 10° Z109%& () - N# 10%&' () -} #710%& () - +100/&' ()- 10+ 10+

18%41(();/&& ()-. hV&?bC 10" I $$10%’ () - K 1% () - 10 June 2004
“()-w 10%' ()-}kel0%& ()-1]! 109& %? kD 10° 1 h10%

10kb510%& () - H=3 109’ () - Tn. 10% () - bH, 10% () - TndEnbC oty 103/2@1?) T

L0 ()1 {4 ARUE Qrd QnkOUG Eroitks H&840 i wind
109 () 109 ()-:"z" ~10%@& ()9‘@0‘%@{85/@ ()@/@#ﬁ%w%ﬂ%mzml n
#10%@E (Qhe_ﬁﬁ/ﬁ{e}%n&né "HOUR €)rD30%8B() -} #710%& () -zh10%& () -

In Figures 31A-31C, a different type of expandable cell 220
is illustrated. In this embodiment, é thick strut 222 is
coupled to one or more thin struts 224 by one or more spring
elements 226. In the particular embodiment illustrated, two
spring elements 226 are formea generally in the shape of a horn,
with the base of each horn connected to thick strut 222 and the
tip of each horn coupled to the adjacent thin strut 224. In
this embodiment, a thin strut 224 is connected to each spring
element 226 by a flexible hinge 228. The two thin struts 224

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

of flexible hinges 232.

Ag cells 220.are expanded from a contracted state,
illustrated in Figure 31A, to an expanded state, illustrated in
Figure 31C, spring elements 226 flex outwardly and store spring
energy. With this design, thin struts 224 typically do not
undergo substantial deformation during movement from the
contracted state to the expanded state._ Rather, spring elements
226 are elastically deformed as they are.forced outwardly during

movement of center beam 230 from the contracted state to the
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flexure illustrated in Figure 31B where thin struts 224 are
generally parallel with thick strut 222. Once center beam 230
moves past this peoint of maximum stored spring energy, sSpring
elements 226 tend to release the stored energy and move
inwardly, thereby forcing thin struts 224 and center beam 230 to
the expanded position illustrated best in Figure 31C.
Deformation of hinges 228 and 232 facilitates the pivoting of

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

A double horn cell design is illustrated in Figures 32A and
32B. In this design, a plurality of thick struts 236 are
coupled together wvia 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 greater amount of
energy. This greater energy storage provides added positive
energy 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, coupled tco one thick strut

236, and two inner horn spring members 240, coupled to the next
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, "10% & 10%4 & ()-110% & ()-104 & ()-F10% & ()-"109% & ()-3304n444444dYN
C 10,1 234 are moved from the contracted state illustrated in Figure
32A to the expanded state illustrated in Figure 32B, cooperating
pairs of inner and outer horn spring members 240 are flexed
outwardly to a point at which the thin struts 238 are generally
aligned. Subsequent to this peint of expansion, the horn spring

members 240 begin to release the stored spring 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 variety of cell types. For example,
in Figure 33 an expandable cell 244 is illustrated in which
adjacent thick struﬁs 246 are coupled to a thin strut 248 by a
different type of spring members 250. Spring membérs 250 may be
coiled, undulating or arranged aleng other paths that
accommodate the transitioning of thin strut 248 from the

contracted state illustrated in Figure 33 to an expanded state.

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

coupled by a pair of undulating thin struts 256. The design of
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expansion of the cell 252 by storing and then releasing spring
enerqgy. The spring energy is released as the thin struts

transition past a point of maximum flexure towards the fully

expanded state.

To secure the overall device, e.g. tubular, in the expanded
position, a locking mechanism may be utilized to prevent the
individual cells from contracting. Exemplary locking mechanisms
may be associated with individual cells, or they may be located
at one or more positions along the expandable device. 1In
Figures 35A-35D, one type of locking mechanism 258 is
illustrated. In this embodiment, a post 260 is slidably
received in a correspending recess 262, A ratchet fingef 264
extends generally tranéversely towards post 260. Specifically,
ratchet finger 264 comprises an engagement end 266 that resides
in a recessed area 268 of post 260 when the overall device and

locking 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 adjacent support surface 270, as
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1098 ()ecH%&ubl- £010Y836) along the side of post 260 as the device is
expanded to a maximum degree illustrated in Figure 35C. When
the expansion force is relaxed, any substantial movement of post
260 towards the contracted position is blocked by ratchet finger
264, as illustrated in Figure 35D. As post 260 attempts to move
towards its contracted state, engagement end 260 is pressed
firmly into interfering engagement with the side of post 260.
Additionally, support surface 270 limits the movement of ratchet
finger 264 in the contracting direction. The side wall of post

260 may comprise teeth or other interfering 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. Fbrk ratchet 274 comprises a pair of prongs
276 that each have a divergent end 278. In the contracted
state, prongs 276 are received in an opening 280 having a
generally hourglass shape profile. 1In othef words, divergent

ends 278 reside in a divergent or expanded portion 282 of
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opening 280 and must be pulled through a narrow or constricted

portion 224 when the device is expanded.

During expansion of the tubular or other device, divergent
portions 282 are drawn through constricted region 284 (see
Figures 36B and 36C.) Once prongs 276 are drawn clear of
opening 280, the divergent portions 282 once again spring
outwardly to theif normal position. In this position, divergent
portions 282 are wider than the entrance to opening 280, and
fdrk ratchet 274 is prevented from reentering bpening 280.

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

Another exemplary locking mechanism 284 is illustrated in
Figure 37. Locking mechanism 284 is designed for use with horn
style cells. In the specific example illustrated, a slot 286 is
formed between a pair of spring member horns 288 within a thick
strut 290 of an expandable cell 292. A wedge 254 extends from
an adjacent thick 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 slot outlet 300 are selected to
interfere when cell 292 is in its expanded state. This prevents

flexing of horns 288 towards slot 286 and thereby inhibits

collapse of the expanded cell.
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10{ 10{ Referring generally to Figures 38A-41B, a variety cof

expandable cell and locking mechanism combinations are

illustrated. With specific reference to Figures 38A and 38B,

one embodiment of an expandable cell 302 comprises thick struts

304 that are coupled together by thin struts 306 via spring

members 308. Each thick strut 304 comprises one or more, e.9g.

two, ratchet fingers 310 that slide along a corresponding

ratchet surface 312 formed on expanded regions‘of the thin

struts 306 (see Figure 38B).

Ratchet surface 312 may incorporate ratchet teeth to engége
the end of the corresponding ratchet finger 310; As the
expandable cell 302 is transitioned from its contracted state,
as illustrated in Figure 384, to an expanded state, as
illustrated in Figure 38B, ratchet fingers 310 are flexed away
from a support surface 314 while sliding élong corresponding
ratchet surfaces 312. The ends of the ratchet fingers 310 do
not allow sliding motion of corresponding ratchet surfaces 312
back towards the contracted state. Furthermore, support
surfaces_3l4 may be relied on to limit any flexing of fingers
310 back towards the contracted position. - Thus, when the

expandable cell in its expanded state, each of the ratchet
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support the cell against collapse.

Another embodiment of the system is illustrated in Figure
39 and utilizes fingers in the form of ratchet pawls 316. In
this embodiment, each ratchet pawl is formed in 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 pawl 316 may comprise a
plurality of teeth 322 positioned to engage correéponding teeth
324 extending from porktion 320. Additionally, a relief cut 326
may be formed along ratchet pawl 316_generally opposite open
area 318. Relief cut 326 allows ratchet pawl 316 to flex as
teeth 322 are dragged past teeth 324 during transition of the
cell from a contracted state to an expanded state. Teeth 322
and 324 are designed to prevent closure cf 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 ratchet
pawl 316 and cooperating portion 320 may utilize other types of

interfering features to prevent contraction of the cell.
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expandable cells that are not necessarily bistable cells. For
example, in Figure 40A an expandable cell 330 comprises a thin
strut 332 disposed in an expandable “wishbone” type
configuration between the 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 expandable cells
330, at an éxpanded position. As illustrated in Figure 40B, a

locking mechanism 336 may be combined with each expandable cell

330, or there may be multiple expandable cells for each locking

mechanism 336.

In this embodiment, locking mechanism 336 comprises a post

338 having external teeth 340. Post 338 is slidably received
within an opening 342 defined by one or more flexible fingers
344 having engagement tips 346 that engage teeth 340. Fingers
344 flex outwardly to allow teeth 340 to slide past engagement
tips 346 as the cell is expanded, but engagement tip§ 346
prevent post 338 from moving in a direction towards the
contracted state. Thus, once exﬁandable cell 330 is expanded,

locking mechanism 336 prevents contraction of the cell.
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reference to Figure 40A and a locking mechanism of the type
described in Figures 36A-36D. Thus, as the plurality of
expandable cells 330 are moved from the contracted state
illustrated in Figure 41A to the expanded state illustrated in
Figure 41B, the wishbone style thin strut is expanded.
Simultaneously, prongs 276 are pulled from their corresponding
opening 280 to a position that prevents reentry of fork 274 into
opening 280. The locking mechanism may be desigﬁed such that
prongs 276 are withdrawn from and blocked from reentering
cpening 280. Alternatively, prongs 276 may be designed for
interference with corresponding teeth or other interfering

features 350 disposed aleng the outer limit of each opening 280

to prevent return movement of prongs 276 into opening.ZBO.

It also should be noted that expandable devices, such as
expandable tubulars, can be formed with a varieﬁy of cells and
locking mechanisms having differing configurations, such as
changes in size or type, as illustrated schematically in Figure
42. For example, by stacking cells of different length or
eccentric offset in a sheet or tube, it is possible to design an

opening bias into the structure. The expandable device may ke
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rows of cells or for the cells to open in a predetermined

pattern or at a predetermined rate. In Figure 42, for example,

an expandable device 352 comprises rows of expandable cells 354.

However, different rows 354 have cells of differing lengths,

e.g. cells 356, 358 and 360. This allows certain rows of cells

to open prior to adjoining rows of cells, because, at least with

certain cell designs, the length of the cell affects the force

required to expand the cell. Incorporating different rows of

cells into an expandable device allows the user to know the rate

of expansion for a given deployment force and facilitates the

design of devices having cells which open in a predetermined

sequence. Additionally, the use of different types of cells can

improve compliance of the expandable device when the deployment

force is not uniform along the length of the device.

It will be understood that the foregoing description is of
exemplary embodiments of this invention, and that éhe invention
is not limited to the specific forms shoﬁn. For example, the
‘expandable cells can be combined into a variety of tubulars and
other expandable structures; the size and shape of the
expandable cells and locking mechanisms can be adjusted:; the

types of material utilized can be changed depending on the
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variety of technigues including laser cutting, jet cutting,

water jet cuktting and other formation technigues. These and
other modifications may be made in the design and arrangement of
the elements without departing from'the-scope of the invention

as expressed in the appended claims.-
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WHAT IS CLAIMED IS:

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 at a hinge
region such that the thin strut can pivot relative to the thick strut.

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.

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.

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

The expandable device as recited in claim 1, wherein the expansion
member comprises a tubular that undergoes radial expansion during
expansion of the plurality of cells.

An expandable device, comprising:

an expansion member having a plurality of cells that are
expandable from a closed position to an open position, each of the
plurality of cells comprising a thick strut, a first thin strut and a
second thin strut, the first thin strut and the second thin strut each
having opposed ends in contact with the thick strut, the first thin
strut and the second thin strut also both being coupled to a next
adjacent thick strut.

The expandable 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.

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

The expandable device as recited in claim 86, wherein the first thin strut is
longer than the second thin strut.
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0. The expandable device as recited in claim 6, wherein the expansion

member comprises a tubular,
11.  An expandable device, comprising:

an expansion member having a plurality of cells that are
expandable from a closed position to an open position, each of the
plurality of cells comprising a spring member to hold the cell in the
open position.

12.  The expandable device as recited in claim 11, wherein the spring member
comprises a horn.

13.  The expandable device as recited in claim 11, wherein the spring member
comprises a pair of horns.

14.  The expandable device as recited in claim 13, wherein a thin strut and a
thick strut extend between the pair of horns.

15. The expandable device as recited in claim 11, wherein each cell
comprises a double horn cell.

16. The expandable device as recited in claim 11, wherein each spring
member comprises an undulating spring member.

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.

18.  An expandable device, comprising:

an expansion member having a plurality of cells that are
expandable from a closed position to an open position, each of the
plurality of cells comprising a thick strut and a thin strut, the thin
strut having an undulating configuration with 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.
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22.  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 coupled to a thick strut at a joint, the joint being
held together by a ligament.

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.

The expandable device as recited in claim 21, wherein the thin strut and
the thick strut of each cell are pivotably coupled by a ball and socket joint.

The expandable device as recited in claim 21, wherein the thin strut is
coupled between a fixed end and a pivotable end.

A method of expanding a device, comprising:

creating a plurality of bistable cells in a wall of the device by
coupling thin struts to corresponding thick struts through hinge
joints;

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; and

locking the bistable cells in an expanded state with a locking
mechanism.

The method as recited in claim 26, further comprising forming a plurality of
the locking mechanisms in the wali.

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

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

The method as recited in claim 26, wherein creating comprises coupling
each thin strut to a corresponding thick strut by a hinge joint having a
plastically deformable thinned region.
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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
expandable from a closed position to an open position, the plurality
of cells comprising cells of differing sizes.

36. The apparatus as recited in claim 35, wherein the expandable member
comprises a tubular.

37.  An apparatus, comprising:
an expandable member having a plurality of cells that are
expandable from a closed position o an open position, the plurality
of cells comprising cells of differing configurations.

38. The apparatus of claim 37, wherein the expandable 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.

40. The expandable device as recited in claim 39, wherein the lockmg
mechanism comprises a ratchet mechanism.

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

42. The expandable device as recited in claim 39, wherein each cell of the
plurality of cells comprises a thick strut and a thin strut.
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45. The expandable device as recited in claim 40, wherein the ratchet
mechanism comprises a fork ratchet.

46. The expandable device as recited in claim 40, wherein the ratchet
mechanism comprises a wedge.

47. The expandable device as recited in claim 39, wherein each cell of the
plurality of cells comprises a wishbone cell.

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 corresponding teeth.

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 expandable cells in a wall of the device;

expanding the plurality of expandable cells; and

locking the plurality of expandable cells in an expanded position
with a locking mechanism formed in the wall.

52. The method as recited in claim 51, wherein locking comprises holding the
plurality of cells in an expanded position with a plurality of ratchet fingers.

53. The method as recited in claim 52, wherein locking comprises holding the
plurality of cells in an expanded position with a plurality of locking posts.

54. The method as recited in claim 51, wherein locking comprises holding the
plurality of cells in an expanded position with a plurality of fork ratchets.

55.  The method as recited in claim 51, wherein forming comprises forming the
plurality of expandable cells in a tubular.
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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:

providing a tubular with a pluraiity of cells disposed along
longitudinal struts; and

moving at least two longitudinal 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 comprising forming each of the
plurality of cells with a thin strut extending between adjacent longitudinal
struts.




"HPUR () *+,-./0123456789:
<= >’>@\BCDEFG—|I JKLI\/NCPQ?STU\/V\XYZ[ \] ’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~

65.

66.

87.

68.

64 . 10 June 2004

An expandable device for use in a wellbore, comprising:

a tubular having a plurality of longitudinal struts and a plurality of
thin struts connecting the longitudinal struts, wherein relative
longitudinal movement of the longitudinal struts causes radial
expansion of the tubular.

Thé expandable device as recited in claim 65, further comprising a
locking mechanism to hold the tubular in an expanded state.

The expandable device as recited in claim 65, wherein the locking
mechanism comprises a ratchet mechanism.

The expandable device as recited in claim 67, wherein each ratchet
mechanism comprises a finger member and a plurality of ratchet teeth
disposed on adjacent longitudinal struts.



