PROGRESSI VE CAVI TY APPARATUS W TH TRANSDUCER AND
METHODS OF FORM NG AND USE BACKGROUND [ 0001] The

woO neosnsssen rel ates generally to stators for usSBCWUBIV08/088429
progressive cavity punps or notors; nore specifically,
to a stator having at |east one transducer therein and
nmet hods of form ng and using the stator. [0002]

PROGRESSIVE-LAVIEY APRARATUE Wi ThEfRANSDBGER AND
i nclude a pdWETHE@DSOOF FORMING AND us&r with a

profiled helical outer surface disposed within a

it h a profiled helical bore. The rotor and
BAéng%UWa progressive cavity apparatus operate

[000¢LOTtE myehtloi nelaldy gemeraly itdtaibs, foplusgi widh byogressive cavity
disclosed in U S. Pat. No. 1,892,21 7, herein

purhﬂ§ & RAGRESImbYe ISBEEBTTBAIRE: to[é)%@a'ibr hAvihgCatifeadt BH@ptransducer

relative rotation is prow bet ween tthe stator and
and a portion of
therr % %hd%etﬁggsﬁﬁ}inél %ﬁjm?asgée{ogf the rotor

es the rofiled heI|caI bore of the
loosgf?ﬁg@gg RN BETES, O BT, D (S1ETPRLGr T dr fogressing
eccentrically within the stator, the cavity pro?resses
caviy i RUMES b MeREs, atfyrplcﬁ“ml@lc'wﬂ%sﬁeﬁ@wleh S?ﬁ@ﬂ:&@ﬂﬁ'? ing of a rotor
[0004] In use as a notor, a fluid source is provided
with a nrbﬁedmdlitalwtéosuréabdadismeem itainr atstatoanithst ptadited helical
The pressure of the fluid causes the cavity to

borB! dleer®toradtll SERAIfS progpddse éélilt?taﬁbérélab\m?etb%cordmg to
stat or and rotor In thls manner fluidic energy can be

theg’?@gﬁ?@iﬁ(}ﬂéa gﬂsgrr%er@rao?%r g[‘?ce)Py oﬁ6a1é8e9a 217, herein
mcorpovﬁeg bty r%fesrter"ilct:eo '

[0003] In use as a pump, relative rotation is provided between the stator and
rotor by any means known in the art, and a portion of the profiled helical outer
surface of the rotor engages the profiled helical bore of the stator to form a
sealed chamber or cavity. As the rotor turns eccentrically within the stator, the
cavity progresses axially to move any fluid present in the cavity.

[0004] In use as a motor, a fluid source is provided to the cavities formed
between the rotor and stator. The pressure of the fluid causes the cavity to
progress and imparts relative rotation between the stator and rotor. In this
manner fluidic energy can be converted into mechanical energy.

[0005] As progressive cavity pumps or motors rely on a seal between the stator

and rotor surfaces, one of or both of these surfaces can include a resilient or

dimensionally forgiving material. Typically, the resilient material has been a



and rotor surfaces, one of or both of these surfaces
can include a resilient or dinensionally forgiving
wordoenssk? Typically, the resilient material hpST/DEBN8/088429
arel atively thin layer of elastoner disposed in the
interior surface of the stator. A stator with a thin
el astoneric layer is typically referred to as thin
wal [ even | design. [0006] An elastoneric lin
relalfislioPin VR o BlastaRe SRoaven |t e miea T Sator. A
| ayer has previously been disclosed in U S. Pat. No.
statgr gatp & Hn @,hastq;@prlg éayeq;égfymaﬂy refarredstioa@thin wall or even wall
Conpression”. The prior art has evolved around the
desmn.nci pl e of injecting an elastonmer into a relatively
narrow voi d between a stator body with a profiled

[0006] | ARleldtdraeAd inad &04ter (Wthda unidmEoelevethitkBess elastomeric
profiled helical outer surface. The core is then

Iayéﬁ@’ﬁ%@&g@é@%ﬁy IXed meugir FSONRY. 33(5‘2% 58¢ on, “Helical Gear

renal orns an astonmeri ¢ 'ned stator.
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pr e- formsd profiled helical bore. The profil ed
of 'W@Pi'r&ﬂa?” tﬁi@%omergrétﬁea E¢Ipivaha Rarrawt m'e@%we%@rfda@réq?@u with
as rolling, swaging, or spray formng, as described in
a phfed PelicalNbores 2pd 32 oBe (erg.;' Mensoely vaith raRriaiigedvinglical outer
Mot ors™, incorporated by reference herein. Simlarly,

surtacpel of THee@dohe it cthlenbrgraoeedh dfterf ourirep diytheeeldstomer and the
extrusion, as described in U S. Pat. No. 6,568,076 on

remdlrﬁih rd!a%,lehibl)?ﬁ‘@rfrhé e ShaloPheridiifed staepr Weab%@t&?ﬁfer layer is

ref er ence herein. Further, various hot or cold netal

eI B L B 02 10 08 120,
roof. oFhs e by esereptinges et diovE.ft e pbaad (goflgepelical
borg. S‘h?é %rrofﬁgdd yhe\f\iﬂc;ﬂIhbglreloirsog];elr|1eer<£:1}|II3|/q ?rllgmcu?éctsgerd by methods such as
rolling, swaging, or spray forming, as described in U.S. Pat. No. 6,543,132 on
“Methods of Making Mud Motors”, incorporated by reference herein. Similarly, a
profiled helical bore can be formed by metal extrusion, as described in U.S. Pat.
No. 6,568,076 on “Internally Profiled Stator Tube”, incorporated by reference
herein. Further, various hot or cold metal forming techniques, such as pilgering,
flow forming, or hydraulic forming, as described in P.C.T. Pub. No. WO
2004/036043 A1 on “Stators of a Moineau-Pump”, incorporated by reference
herein, can be used to form a stator body with a profiled helical bore.

[0008] A stator body can also be formed by creating a profiled helical bore in

relatively thin metal tubing. This formed metal tube can then be used as the



[0008] A stator body can also be forned by creating a
profiled helical bore in relatively thin netal tubing.
wahbeos/ogssered netal tube can then be used as t heST/ABTNG/088429
body by itself, with an injected inner elastoneric
| ayer, or the formed netal tube can be inserted inside
into a second body with a | ongitudi nal bore to form
th tata od A stator . body wiith a profiled helical
staigg Bedy B laello Wi AbPiRkied gt iessomenc fvkeotthel Bmad meta
sintering or hot isostatic pressing of Pomdered
tuberiaar beylinsertesr ingidenpie a seappdapodyowith e Ignadtdined bore to form
helical bore can be nmachined directly into a body.
the[98109badly. | A sthoo mbelyi wibla ptadileéctlelica horansaduaksosbe formed
i ncluding sensors and actuators, in the stator body.

throlig® 6ther eitbcd® Badls &f sinte?iigCbndiot dsatRl Presefdy of powdered
require conplicated nachining, etc. of the stator body

] | , | , . r .
e, JBh AR o2 AP SN, GO EY el bR £ Finined
direi&ECLn siaon c(j)f the transducers on the finished product.
YW IB% ¥rore full y di scussed herein, the inclusion

of transducers can also aid in the fabrication of
[00Q9htlbris AI$0a degiBRiE 4P REje [LEIBOHCHESS elne|using oSansers and

particul ar enbodi nent of a progressive cavity downhol e
actyators, ingdkel statoribpdly.i dGeoparentineiode .af prodgucingnthe sigtor body

the space avail able for sensing and nmeasuring devices
reqoire domphichedcmadhining) ete. oflthaista#tdr bdthe ntateriall ivbied is typically

portion of a typical bottom hole assenbly, including

steélnGAPtErefFaNake nbe!dhvieive P Povidifgt 8ddRenal fhachining for
nmeters (30 feet) or nore. By utilizing the stator of

inclbgﬁppr’qgssﬁéP{sed&%Yé t3h TRE Ofinisel Sﬂaaﬁét‘?tﬁé QUi BESMBRE fully

contalrned any sensing or fmeasurin evices, as a

s 36l Sy S TA PG Toely ERRAEE Ry gorcaion o
sophi sticated drilling bottom

stators in a number of ways.

[0010] Referring to the particular embodiment of a progressive cavity downhole
motor used in drilling operations (e.g., mud motor), the space available for
sensing and measuring devices of downhole conditions is limited. The
operational portion of a typical bottom hole assembly, including the motors can
be relatively long, up to about 9 meters (30 feet) or more. By utilizing the stator
of the progressive cavity motor, which heretofore has not contained any sensing
or measuring devices, as a carrier of electronics such as transducers then
valuable additional space may be claimed for more sophisticated drilling bottom

hole assembilies.



hol e assenblies.[001 1] Motors are preferably

installed as proximal to the drill bit as possible;
wQed9sgsmer adj acent the bit is particularly vaPOBbE®08/088429

because of its proximty to the newy drilled

formati on. Transducers, such as a sensor, neasuring

rel evant down hole data as close to the newly drilled

f tjon as ssible al]ows better a re tinely .
roo} ] Mglod e betaiahs Fstaledihn athrtiel Bthe Byt ag Robsiple: vet
the direction of drilling. [0012] Further, notors
spaghdedigecnti He bltclan@ar;*;w'ég% \ahdplde regaauspaet ite lrraximjty to the
the | oad paths through the resilient nmaterial |ayer
newle. drilledt feemadiah) dsandduekfscsuchelay a eseriser,t measaribg trelevant
torque and any forces from downhol e transm ssions and

doviz€ Abie"data dHEI08ABIE  neHAYRIrITBY ForM&ERIh B€1p0%Sble allows better
hundreds of kilowatts of power for 200 hours or nore

tm&reYi W @S d8kisfeut 00e F) to0F
onchop e i ATRFIGH RS cRbsRRRo 1P fRS0pe ) oniol e
. and/aor. the formati on and new borehol e, such as the
d'retcﬁ%é’{fgf'[ﬂ'f:]g; strain and pressure, can allow an

assessnment of current performance capabiljties F

[002,, FHiEer pRrs dmdenso siREicankalresss & Siralp. Ratisy a}fﬁ’@h@ load

fail, howlong is the notor expected to last, and
pats woughdle iresikerdfmaienial lyer (@or tthe ceat) @seik péastivaly reacts to
drilling progranms. [0014] The disposition of conduits,

the asintbrquerand anygforcep etdmadsvniiole iraramissions echdf osarings.  For
communi cating in electrical, hydraulic and/or

exdﬁ?&@?%rﬁé'mé@fr@cﬁﬁ%e‘i’ibéﬁ’ th@r‘eHs‘Hf%b%&g df rboW!afP 8F OO hours
art and are well known to those in this art. See for

or B Bt RSP AR HANE TR G 5500 e

10075} i NpPUSRRa B Lt (O1pl (08" (I @l MBPETELR and new
borlerrmlglletjdseuch as the temperature, strain and pressure, can allow an
assessment of current performance capabilities, e.g., how much power can be
generated before the motor might fail, how long is the motor expected to last, and
other questions of similar importance to expensive drilling programs.

[0014] The disposition of conduits, conductors, and/or pathways which can be
used for communicating in electrical, hydraulic and/or mechanical form was
previously disclosed in the prior art and are well known to those in this art. See

for example U.S. Patent and Trademark Serial No. 11/496562, which is

incorporated by reference herein.



providing a core with a profiled helical outer

surface, displacing the core within a |ongitudi nal
wbooos/ogsfs2a body, filling a void between the preéT/usmos/ 088429

hel i cal outer surface of the core and the |ongitudinal

bore of the body with a cast material in a fluid

state, disposing at |east one transducer in the cast

' ' he cast material. The di sposing

SUM‘%’%F .'WEW‘P e cast material is in the fluid

state. The nmethod can include renoving the core from
[004BE A uneifodagt faratieg jaaistatahavithiop eprofiteidubekcad kasei ¢areficlude

mat eri al sl eeve di sposed thereon. The net hod can
providgigua eore mithi angrafted belieal fouben $uréacee slidplaing thet eorealvithin a

sl eeve, wherein the resilient material sleeve is

longieich&leBord i dl Hday, GMIrRd acedid BBhvRserlthe Threfiket Rekcal outer
can include providing a signal froma tenperature

surf%%@stﬁrthé '&of'@ ngd3Re | d‘fgflt%h%'l boF@S &5{% ??/ﬁﬂ_?'hfg&é‘értre‘mﬁtg olal in a

monitoring t e curin step via t

ncl ude control.li the, curin ste

fuid B s Bgng AR e e S %a%ca%’ts ﬁ%ﬂ%?@@cvﬂng the
a stator _havin cast material body WlthaP

caSﬁmat%%@'- bidteed 'ﬁg@$'89 FlRRRaN R@P%\é(hﬁ@éw fgsStmatey taétso'ﬁ the fluid
providing a signal fromat |east one tenperature

stateentoe nktspdwan inaludegecudingrtheecord fromdine eurgd cast material.
conparing the signal to a prototypic signal to

Thededrer intineeayrediliend MdtetialtsleetO0ibpbséd thedrbod. dfhe method can
assenbling a rotor and a stator of a progressive

incltg¥ 'réMo@FH@;athétdb‘ie G e Féé‘ﬂ%rﬁrnﬁ’é(tbﬂbﬁgeé\b@ WhareR thd fdilient
a cast material body having a profiled hel ‘ical bore

ma{)etPl%T ’%'Iééve' fés?étﬁr{& W’tﬂ. ?rﬁé-f’ cur c?q?atstﬂ Riephl ! %@%étﬂ% can

rOV|d|ng a roma eas one stra

incleaarspg{)ylﬂ@ %Zs?ggn L‘:ﬁrrr]] fao ei%ég g?%%?lﬁar{?%g%ﬁ%@ cast material. The

correspondi ng to a desired fit between the stator and
methed ¢at Bicluds Mpﬁﬂ@éhgwrlﬂﬁcﬁé@,ﬁ) vibkhe signal.[ dbgapehod can

nmet hod of assenbling a rotor and a stator of a
inclpdegoatsiling ticacutiyg step based on the signal.

[0016] A method of detecting discontinuity in a stator having a cast material
body with a profiled helical bore therein can include heating the stator, providing
a signal from at least one temperature sensor disposed in the cast material body,
and comparing the signal to a prototypic signal to determine any discontinuity.

[0017] A method of assembling a rotor and a stator of a progressive cavity
apparatus can include providing the stator with a cast material body having a
profiled helical bore therein, inserting the rotor into the profiled helical bore,

providing a signal from at least one strain sensor disposed in the cast material



apparatus can include providing the stator with a cast
material body with a profiled helical bore therein,

WO peengssey the rotor into the profil ed helical pODUS2008/088429
providing a signal fromat |east one pressure sensor
di sposed in the cast material body and in
communi cation with the profiled helical bore, and

rin the to a prototypic signal : .
boco AR SSBIRATHG Ts S0P B b Ploet e apepging omgesived
t he rotor to determ ne any undesirable fit. [0019] A
fit bebween ther statareansl theg ogprrt@td@tergn@e any uadesirale 4it.
progressive cavity apparatus can include providing the
[0048htArmeihbd af easeémbiiigera adtobauhyl @i $tatax @i af plogdessive cavity
helical bore therein, inserting the rotor into the

appairafs| @@h hebliee! préQiding REVtslion dwith i @S8tIMeateriEN®bdy with a
fron1at | east one pressure sensor i n conmuni cati on

proft Hhhélﬂ%ll BRE! ek He'urﬂé‘e%ni%é r%gtﬂsﬁ‘]tétt '&o%hagﬁﬂbncal bore,

rom at east one strain nsor pose I'n the cast

at er r|n the essure
pm{s"?g{go?wn@?ﬁm%ﬂ?asg? AN %%fﬁs&g SHPSeRd T2 ghit Rateria
signal to prototypic straln signal to determ ne aqy
bodyn @@u'Pa‘EﬂerPPtcat'PﬂeWﬂF dbetRrpiiledphelicd, orgngnd comparing the
~ prototypic strain signals corresponding to a desired
sigiial tto leeprataiyipictsignal spgespording o rodesired ftdmdyvedn e Biador and
of nonitoring a progressive cavity apparatus having a

therrotopto detepowreslany uadesicdblé &t hel i cal bore of a stator
providing at | east one strain sensor disposed in a

[0099F tA TRE®IOHabT B@gé/mﬁfn r33‘3rétb?"te.fh'fd, aPst@wdrdbng Brogressive cavity
prototypic signal of the at |east one strain sénsor

appcalgéﬁﬁsgmhaadéopd%ngﬂgd 8 dibtor DERRP kD SEAE 0o uith o

ero provi sequent S|gna om

protiEgbeitl e LarSEq IS RO ek dhe ' lsgy PBlical bore,

devi ati on therebetween. [0021] A nmethod of nonitoring
proyidiidogmEessure sianaltfipra @b deant enenpiesAgreasetasin communication

with the profiled helical bore and a strain signal from at least one strain sensor
disposed in the cast material body, and comparing the pressure signal to a
prototypic pressure signal and comparing the strain signal to a prototypic strain
signal to determine any undesirable fit, the prototypic pressure and prototypic
strain signals corresponding to a desired fit between the stator and the rotor.

[0020] A method of monitoring a progressive cavity apparatus having a rotor
disposed in a profiled helical bore of a stator providing at least one strain sensor
disposed in a cast material body of the stator, providing a prototypic signal of the
at least one strain sensor corresponding to a desired fit between the stator and

the rotor, providing a subsequent signal from the at least one strain sensor, and



di sposed in a profiled helical bore of a stator can

i ncl ude providing at | east one pressure sensor
waolcepossd7 i n a cast material body of the statopCBEHDS2008/088429

communi cation with the profiled helical bore,

providing a prototypic signal of the at |east one

pressure sensor corresponding to a desired fit bet ween

oo 5 P sRAChS 3 e BRSNS B o

npar i the prototypic signal to the subsequent
devgat@maﬂwefe%vaﬂweemm ne any deviation therebetween. [0022]
A nmet hod of nonitoring a progressive cavity apparatus
[0023) i Agnethodt off mbingposgd progrepsioé | davity hegddacatusbloanengfa rotor
a stator can include providing at |east one strain

dispeReoin apfomed IrRAsAl I9hre éffé?%ﬁdiblecéﬁmude Providing at least one
comuni cation with the profiled helical bore disposed

presshr@ SRRborMaighosdld hRdy %fa?tt hfﬁat%trl%? 0:50 r@Vih "Gafor and i

rototyprc strain signal Iea t one strain
sensor and 0 sure signal _of
corfig3ayfiE Ve Bielh@eRl S il BRI rdl B ol f Sigp! of the
roto@g éﬁgressure S|9nals correigondlqg to a desired
at lepsgt @ W Sessar 6PTaRRond{agd rterd Aeshed it defyesgn the stator
subsequent strain signal fromthe at | east one strain
ands ¢ dotoan greviding se puoseqperts signal stogmahef atoleashonat pressure
| east one pressure sensor, and conparing the

sengobnt ahdpicormpiariagn tisé guatotypict Bggnalib®e thengussegaent signal to
signal and conparing the prototypic pressure signal to

detéﬂ?ﬁmé%%ﬁéﬂorﬂh@?@dé’t@eéhgna' to determ ne any
devi ati on ther ebetween [0023] A net hod of nonitoring a

[00?5]09& ‘?ﬁ%@ﬂﬁe@@ﬁiqﬁﬁl caI ?Pé{%eg@ve }/ agﬁap%rrat%'ssr%{ﬁﬁéj a rotor

n include

. _prov dln ast one of a erature sensar
disniats G & Beies T el ditent € SAGRCaR (1 UE. pﬁ%ﬁdlhse%r least one
helical bore, and a strain sensor disposed in a ca
straim seR$Q anﬁ;g@legst QePrAsgtiEE Sensor in communication with the profiled

helical bore disposed in a cast material body of the stator, providing a prototypic
strain signal of the at least one strain sensor and a prototypic pressure signal of
the at least one pressure sensor, the prototypic strain and prototypic pressure
signals corresponding to a desired fit between the stator and the rotor, providing
a subsequent strain signal from the at least one strain sensor and a subsequent
pressure signal from the at least one pressure sensor, and comparing the
prototypic strain signal to the subsequent strain signal and comparing the
prototypic pressure signal to the subsequent pressure signal to determine any

deviation therebetween.



and providing a first signal fromthe at |east one of
the tenperature sensor, the pressure sensor, and the
W@ o0RiogsssENnsor, providing a subsequent second BCDOS82008/088429
fromthe at | east one of the tenperature sensor, the
pressure sensor, and the strain sensor, and conparing
the first and subsequent second si gnal s to determ ne
evi |on t her ebet ween. The ne d of nonitori
10035 G POH S er S o Bramenmus iy Hnae s g 4 rotor
the first and subsequent second signals are enerat ed
dlsmﬁeidrig & praditacohelisrl baee eba statpmcam @Cbid@f proxigingpi legst one of
bore in the cast material body of the st ator [0024] A
a tempbrdued seDSOM, Ca ipTgSSUrpr SETSES Sinveornawinigatmppaiitat e  profiled
having a rotor disposed in a profiled helical bore of

heli@abbéieQfangiad strad! Yelesdr diypeidtbinia Riadt Adtédalbody 65T Stator,
sensors di sposed in a cast material body of the stator

anoapfé)v'.lcgng beéﬂa‘l %rﬁ"’trfé”?f %s?bﬂ%oc#fetﬂﬁ %?étu@%@nsor the

oVl t signha romone ESSUF

PrepiEst géﬁé%‘*be%ﬁﬁﬁ SERR VR %."%“quas%@bgﬁgﬁegws.gnal

subsequent second signal to determ ne any
froraét)ﬁaat lgASt AR Qb hadempeTaiErersensey, dre r%ﬁ$%%?u§?gﬁ‘$0r and the
further including distributing the plurality of
straiin esgnpos, sedls gosndaning e i iirat qrat rsutiseagentheepoind i $igaals to
helical bore of the stator and/or distributing the
detpimingl drtyydefiatoretsuesetaeesor bhé meihde bf ednitpahy sap@ygessive
the profiled helical bore of the stator with at | east

caRP oRBPRGY WhTERSAIcRS o bethe M305Ad 0BESJushTTRIBA signals
measuring a torque output of a progressive cavity

are%%ﬁeﬂsdl%vdof& Sri 8% He FOOPHS Bk ngfﬂ‘ecP he dbélergjor{e in the cast

bore or can i nclude provi

ea ne e sensor disposed in a cast materi al
melsSahbody o e ait:

T and in conmmunication with the

ofil ed heI [ cal bore, providing a prototypic signal
[0084] tAyenethod of monitoring a progressive cavity apparatus having a rotor

disposed in a profiled helical bore of a stator can include providing a plurality of
pressure sensors disposed in a cast material body of the stator and in
communication with the profiled helical bore, providing a first signal from one of
the pressure sensors, providing a second signal from another of the pressure
sensors, and comparing the first signal to the subsequent second signal to
determine any deviation therebetween. The method of monitoring further
including distributing the plurality of pressure sensors in a helical path along the
profiled helical bore of the stator and/or distributing the plurality of pressure
sensors in a helical path along the profiled helical bore of the stator with at least

one pressure sensor per pitch length.



at | east one pressure sensor corresponding to a known

torque output, providing a subsequent signal fromthe
W@b00besssk7 one pressure sensor, and conpari ng tPeT/US2008/088429

prototypic signal to the subsequent signal to

determi ne the torque output. [0026] A nethod of

measuring a torque output of a progressive cavity

ar at hayi ng a .rotor dIS ose a profiled .
rooB5P 7K Hetfod o bieasund oforaus BRer b piedeRaivR oty apparatus
| east one strain sensor disposed in a cast materi al o
haviigig refor disposedtio @, Prefited fglieg! Botsr ok asiatercan theiidegproviding
the at | east one strain sensor corresponding to a
at |éasivamet pregsierecsansor digposed dn agcast sdisea)mdy ofithestator and in
fromthe at | east one strain sensor, and conparing the

confhahRbYeN Wil Bieabrofied Rl b@ﬁﬂgﬂbt/ldﬁiggﬁéﬁrof&yplc signal of the
deternmi ne the torque output 27] A nethod

at Iggé??fn%tbr’égﬁ?rje%‘etr{sbf: bB%eé;Bb rﬁ’%ﬂgé %BM%F@}@ 6?&83% providing a

apparat us naving a ro or and stator can

rQV d n a coj l
sufpBlient SBpal Enl 13 8 Ta e ds Retafs ity AHE Grfifting the
havi ng, the ot her of the magnet and the coil disposed
pProjaiyRic sigiral ather sulsegyant %'Eg@'éefdet%fﬁfdi”?6*3%1¢QFH5910|%0Ut
rotor wwthin a profiled helical bore in the cast
[0026] &k mathod of msfasuhieg st tarqure outpytata aregreseive caylty ppparatus
via a relative rotation between the magnet and the
havirg) & .rofdd @&Hosadrirtahodfikid lgelival bbrenof ®bktatdr can inglude providing
progressive cavity apparatus having a rotor disposed

at Iéé‘st%n@r Sfdih 8En&SH d|§|§6$ekb0|hea ehstanalciaPbo&RBf thré_cétbiﬁﬁ prowdlng
provi di nga plezo el ectric generator disposed in th

r [ n

2 p?&éhpr%%% B F@%‘%ﬁ%?%?ﬂ%‘sﬁéﬁ“ @@%dodiébaﬁe?.ﬁ%ng ‘é?Fd Fnown
i L&ghtthe r of i 8 r.e of thF ?
OrQM*?e?% H tF-‘ﬁQV' I%%Sa ﬁ%‘ﬂ%& §'%T & &g ¢t g QE?l%'ﬁ'rbﬁensor

of the piezo electric generator. . .
and comparing the prototypic signal to the subsequent signal to determine the
torque output.
[0027] A method of generating electricity in a progressive cavity apparatus
having a rotor and a stator can include providing the rotor having one of a
magnet and a coil of a power generating apparatus, providing the stator having
the other of the magnet and the coil disposed in a cast material body thereof, and
rotating the rotor within a profiled helical bore in the cast material body of the
stator to generate electricity via a relative rotation between the magnet and the
coil.

[0028] A method of generating electricity in a progressive cavity apparatus

having a rotor disposed in a profiled helical bore of a stator can include providing



[0029] A nethod of generating hydraulic power in a

progressive cavity apparatus having a rotor and a
wat@bosssean i ncl ude providing the stator havi NBCBHUS2008/088429

reci procating punp disposed in a cast material body

thereof, and rotating the rotor within a profiled

heIicaI bore in the cast material body of the stator,

t he rotor engages act uat n er., of e :

a PISZE: Se Qb e ok SOBeend Mp FRtReka BERY 10k 4% slatgapnd in

bore to generate hydraulic power. [0030] A net hod of
cormraaﬂmclagog withaths pigfied hepjeat bored ang| digpdsip@ra fluighthrough the

i nclude providing a core with a profiled helical outer
proSledf helcal dharpl atitimgy sthter.c ahersint then flaid gegetaiels redéctricity via

bore of a body, filling a void between the profiled

actiidrcéd the pigdo él@bfr%cgﬁrﬂsfraﬁoh.e core and the |ongitudinal
bore of the body w a cast material in a fluid

[Ooﬁéfe“ gf@tﬁ&?sbfq éHerk etwﬁulﬁa"bd\%mhd 8 Og)ﬁ)é}%sgi%t cavity

and | ng t materi al

[ ESS] e cav.
Ao G BoPteh elbeesidl Lol 3R %Igr bping @
a stator can |nclude &rOV|d|ng at | east one axi al
recipEREAiNgdPYPEsEarPse it A fastatreigrial sty thereqty@nsk %ﬁt%ﬁmg the
and providing a signal fromthe at |east one axia
rotdrowithis engroffileconelieapbard ingthecash mateaal bashydofdthetsiator, wherein
stator. [0032] A nethod of nonitoring a progressive

the cator tengappamat atudtion ngnsberasfahe desipasoating puanp effendéd into
hel i cal bore of a stator can include providing at

the'p@éﬁéd%@ﬁé‘él%r@% gbﬁel%@é‘ﬁ%réﬂihéw. in a cast
material body of the stator, and providing a signal

(00369 HerBh SERIRES Ydi6 PHEh DRRBhefel SR8 °0H Moiuce

an axi a st a he net hod can

ool S50 E0S BB B RS A A ol B o
Ion&gturé?r?glhgérlec%h‘lg body, filling a void between the profiled helical outer
surface of the core and the longitudinal bore of the body with a cast material in a
fluid state, disposing at least one cavity mold in the cast material, and curing the
cast material.

[0031] A method of monitoring a progressive cavity apparatus having a rotor
disposed in a profiled helical bore of a stator can include providing at least one
axial load sensor disposed in a cast material body of the stator, and providing a
signal from the at least one axial load sensor corresponding to an axial load on
the stator.

[0032] A method of monitoring a progressive cavity apparatus having a rotor

disposed in a profiled helical bore of a stator can include providing at least one
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seal ed housing into the cast material before curing.
[0033] A nethod of communicating between a stator and

w@200008882Df a progressive cavity apparatus havP@DUs2008/088429
resilient material sleeve therebetween can include
providing the stator having a first electrica
conductor ring in a cast naterial body thereof, the

. first electrjcal canduct rln circu

W'r%nsﬁ’?'inl %edwld@paseﬁd?@ &S t"ﬂ%teé' Lbady Ogﬁl?ﬁté QfgaE‘ﬂé)rOV'd'”g a
r ot or haV|nq an outer surface wth a second el ectrica

sigra e ttbe atileastaeneawis: sttaie sensor apdeseenditg éa®inngxial torque
between the first and the second el ectrical conductor

on rithexgeatonr odge method examethchide disppssectl pressuré reompensated
resilient material sleeve can include a conductive

housRiEInt@lthel tasomateridl ®efdrd. cUriPg3Hd/ér aRpbSIAgn aPRd8pHerically
a stator with a profiled helical bore can I nclude

sed) PHOMIRG i ottH@%aﬂ ﬁwghérfé?bgfo%.chﬁﬂﬁhel ical bore

ereln, sp acl ng t e Wt a | ongitudi nal

e, of b voi d bet ween_,an outer
l°°§3i Aorof g commiffafad bR G iftsopaSop epier of o
body with a cast material in a fluid state, disposing
proafeqsyss@avabf@ma%a (R¥ING @ resilentquatenal depke th%rﬁl?etwee” can
curing the cast material. The nmethod can include
includerorionigling thesﬁamryhayfing tee ficsts elegtiical icandapidrt tirg tinibee cast
fromthe | ongitudinal bore of the body. [0035] A

matgtrial dodyathedreot, utle first asibctrabiercoatuttodyring tdircamferential to a
profiled helical bore, and at | east one transducer

profilednegied haretdiané %‘ﬁétomﬁr&r/ldﬁﬂ t‘h@%&torﬂavﬂrﬁ%ﬁﬁ outer surface with
onet r ansducer can i’n conmuini cation Wt

a sBbdd Lefuel bSRJg%é‘E ﬁrﬁ%éagc%% S tahgr@m%.cgﬂng%%tween

encapsu erl al

the JE P (hASSLOPEH FriERR Sk F%Vﬁ@%h\réugghﬁﬁosi%rm%@ate ring
sectgjggggfgggéal,gedsilliqeﬂtl Enatistlterti)aolr gl'ee-\l;gecgrﬁ aitn%IrudCea% bc%n%uctive material
disposed therein.

[0034] A method of forming a stator with a profiled helical bore can include
providing a tube with the profiled helical bore therein, displacing the tube within a
longitudinal bore of a body, filling a void between an outer surface of the tube
and the longitudinal bore of the body with a cast material in a fluid state,
disposing at least one transducer in the cast material, and curing the cast
material. The method can include removing an assembly of the cast material
and the tube from the longitudinal bore of the body.

[0035] A stator can include a cast material body with a profiled helical bore, and

at least one transducer disposed in the cast material body. At least one
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cavity apparatus stator. The cast material body can be
di sposed in a |longitudinal bore of a body. Any

wo c@nsssseer di sposed in the cast material bodyPCHDSHEs/a88429
sensor, and can extend along an axial |ength of the
stator. A plurality of transducers can be distributed
al ong an axial length of the stator and/or distributed

in a helical. path along the, profil | j.cal bore of
rarisuCer S0 58 ESUBTLRCATAR I s BEP e elical orar rifyeast one
can be a plurality of transducers distributed in a .
tranggiuceacamn gerensepnglatatk wihior theeedsh e1atedal baskve bie east material
stator with at | east one transducer per pitch length
bodyndammeaborgmar@iongl @ldyobdhel Sid88#] carhéndluda sd veslient anaterial
be selected fromthe group consisting of a pressure

sle®RNABposad ieltpetprodrd Belfddl dofe S TS Istatdr CAATIRE &t Progressive
sensor, a coil of a power generating apparatus, a

cavg?g\@?)taréfﬁs AGVeTHIRIS! ALl %BH?[S:@H ¥ %i@&)ﬁé@dzfﬁ 3 Ilciné;‘ij;udinal

Fric generator I n commni cat n wt e pro

helJ cal bor recj procating . pu an.accel e ter
borg g Bedendby rarSRGRE A hRseEr N ahe: GRS MalRupLBotY Can be
formati on sensor, a resistivity sensor, a seisnoneter,
Se”ﬁﬁ“eﬁ@@tﬁ‘%’hﬁg‘#ﬁﬁd @longyae petal dength gh t@?e%t?l?%rrad’n&li"@hty of
communi cati on apparatus, a |load sensor, a wre strain
transgiusers, can bpt disitibdtedealongn@na axiglnkengthend| i cdgtor and/or
sensor. The transducer can be a reciprocating punp

distvibtitedann agt helidab npateating Hiee epfofied drdlicalg boné oof hiee stator.
profiled helical bore. The transducer can be a

MofeRivBRt HR sl SapBaSEstH éﬂb??@é‘r‘i @é‘_&@lﬁfa‘ﬁw of Ufrbsficers
of the cast material body, a Wrestrain sensor

s RBR8F FarlRg. BayPHtb HEIPEM! pLAR S B o8 oy o
stator. 037

eag ettt Rehpich RRGLL AR b BEIRa S 08 0h8: ng

[Oogéﬁgﬁ%ﬁgahg@;qhe; c%%stge rsrglte%’[eida%ror?lot%% grr(])ﬂ/pocronvgisttilgignofaan pressure
sensor, an electrode, a strain sensor, a temperature sensor, a coil of a power
generating apparatus, a magnet of a power generating apparatus, a piezo
electric generator in communication with the profiled helical bore, a reciprocating
pump, an accelerometer, a shock sensor, a magnetometer, an inclinometer, a
formation sensor, a resistivity sensor, a seismometer, an electromagnetic
induction coil, an electromagnetic communication apparatus, a load sensor, a
wire strain sensor, an optical fiber, and a magnetorheological sensor. The
transducer can be a reciprocating pump with an actuation member thereof

extending into the profiled helical bore. The transducer can be a formation

sensor disposed adjacent an external surface of the cast material body, a wire

12



seal ed housing disposed in the cast material body. The
at | east one transducer can be an el ectrical conductor
wo 2ovg/ogsseruntf erential to the profiled helical BOT/®S2008/088429
[0038] A progressive cavity apparatus can include a
stator having a first electrical conductor ring in a
cast material body thereof, the fi rst electrical
conductor. ring, cj rcunf ere a bore of
strady 6Q70" Aispetet @ | Yy 38R E?u H‘r% slaton a(‘H}Oé' alLeRlicp! fiber
el ectrical conductor ring circunferential thereto, the
dispeneskalpog anaaxial lergthiqiéee @laioin the bore of the
stator, a resilient material |ayer disposed between
[00BTRE Atdeast aredtrahedsteatcan beagcahtained witrimaddras gurei gognpensated
section of the resilient material sleeve can include a

ho&mgj@@ﬂo%@dnmt fd ahst ARItEHA bedy¢ UMY Gatht et weedsgHegically
first and the second el ectrical conductor rings.

sear\u1 Rdlisi ﬁg édagaéd% tﬁ?rcggf‘%aﬁeﬁé Py, Mk a@lé%f%fdnleecgansducer

I ca I nc provi |ng a core
Quter surfa cin
carllod i et TR EiL g G BFrenfs i A8 rPeikg PiefiGibpre.
bet ween the profiled helical outer surface of the core
[0038h /fhréml%??gﬁ“{%cﬁaﬂﬁy PVEARIS (R BUMYA&a PtaloEdkaving a first
material in a fluid state, curing the cast material,
electgpalv cagdutier ginge in A egqebsreateﬁ'el geashyi tkerepsl thealfirdioelectrical
and disposing a resilient material sleeve within the

conguefor| ity leetumédrehtisleto bhisoreest tHeestatomtero@dl havirgyan outer
havi ng at | east one transducer therein. [0040] A

surfRENGfh &f sd Il B8ciical abRdudctbl Hn@ di?b@fﬁfér%ﬁtlﬁleme?étb the rotor
bore can include providing a restlient material sleeve

roté%f)lplre{e*?néﬁ Rlith[rE ehr?érjeccﬁlthg%ﬁ F%F(%ll[en‘{“ %EF}QI' Iggetﬁ&e\gposed

ent rmter al eeve I'nal
voi d bet

bod n, outer surfa of ..
petffe’ 188 e And RE Sl &icedy dtated RS Tos geetin AL Tesilient
bore of the body with a cast _materlall inaflud .
materiat esleeNes F@si Mirlage | @ aeandussive r aaderiat ethereing e communicate
resilient material sleeve, and curing the cast
betwaes thafirst and the second electrical conductor rings.
[0039] A method of forming a stator with a profiled helical bore can include
providing a core with a profiled helical outer surface, displacing the core within a
longitudinal bore of a body, filling a void between the profiled helical outer
surface of the core and the longitudinal bore of the body with a cast material in a
fluid state, curing the cast material, removing the core to expose the profiled
helical bore, and disposing a resilient material sleeve within the profiled helical
bore, the resilient material sleeve having at least one transducer therein.

[0040] A method of forming a stator with a profiled helical bore can include

providing a resilient material sleeve with the profiled helical bore therein,
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[0041] A nethod of formng a stator with a profiled
heli cal bore can include providing a curable resilient

wordenssmk7 sl eeve with at | east one transducer POTUS1088/088429
profiled helical bore therein, displacing the curable
resilient material sleeve within a |ongitudinal bore
of a body, filling a void between an outer surface of

. the cyrable.resil teri sl eev

dispigrgorharralotonetar shevEoulhing BRaTedEs bieart apogy filing
a fluid state, and curing the cast material and the

a \«id deetweeasiani edternauidacey| ofstheevesilighie metersd stegve and the
i ncl ude supporting the curable resilient materi al

longituekivad erehofatheobedhaviinng Gasbrmodteriad imal flwdl statgl elisposing at
surface during at |east the curing step. [0042] A

leaSitGHedtrastiudeR 1 théeregilieAsinat@if sictvebay cuﬂn? @5 baﬁﬂ’haterlal
mat eri al sl eeve d| sposed within the cast erial body

[Ooiﬂggs,{\‘%éfﬂ%daop e§da RedibC AlithPar Srokilder ﬁérbal Pedlan include

one transduc di sposed in the res
at eri eey The transducer rnatjve be
prof i HrAE T iets Tnte L SSE w8 Bk EoRe taitighPand the
encapsul ated within the resilient material s|eeve. The
profiigdthexgaldrorgl thewsin, disriagiegdhie shtrie seslient r8§te”@h§'eeVe within
stator can be a progressive cavity apparatus stator.
a langitudinal bareeof al badyyfildag soaoii dptyween ian auter surface of the
| ongi tudi nal bore of a body. As before described, the

curéblanediliert mataridd leeveearsbthe [bhgittidinalsioreasf tharoelytwitita cast
al ong an axial length of the stator. The transducer

ma@ﬂ%l M o1be ﬁafé Wil chidn@fthé 'caes dhserisl Shetthe t&ﬂrﬁ@le resilient
along an axial I'ength of " the stator and/or a plurality

mafé |ta¥ Qil'éﬁgé'c%ﬁ ﬂ%ﬁ@ﬁ'é%%t |ﬁgluﬁ@ s%p??lﬂn‘baﬁ? %?é‘ol@lrgglﬁeﬁtj}ﬁaterlal

ed helica ore o Re'{fansducer

S'e%vgq”.“? 85 Brung € meotiRBielEal Rufdrcairiass: BUghd dleleast the
curisr’mtgastt(e);r). wi th at Ieast one transducer per pitch | ength.

[0042] A stator can include a cast material body, a resilient material sleeve
disposed within the cast material body and having a profiled helical bore therein,
and at least one transducer disposed in the resilient material sleeve. The
transducer can alternatively be in communication with the profiled helical bore; or
encapsulated within the resilient material sleeve. The cast material body can be
an amorphous alloy. The stator can be a progressive cavity apparatus stator.
The cast material body can be disposed in a longitudinal bore of a body. As
before described, the transducer can be a sensor. The transducer can extend

along an axial length of the stator. The transducer can also be a plurality of

transducers distributed along an axial length of the stator and/or a plurality of
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[0043] A progressive cavity apparatus can include a
rotor rotatably retained within a bore of a stator, a

wo eavlogsset materi al sl eeve di sposed between t hECT/OBZNS/088429
and the stator, and at |east one transducer di sposed
in the resilient material sleeve. [0044] A nethod of
formng a resilient materi al sI eeve of a progressive

cavi t ratuys, the netho cud vi.di n
trangclges ASKEPtRS A 3 Mplice Pelsalcagenr PP Meliegl Dore of the
hel i cal bore and a profiled helical out er surface, .
stator| | Theytrensdggassan gﬁlajler@Hya)frtéaflSIdUéﬂ'tS eghgtrinuted in @ helical

fluid state, disposing at |east one transducer into
path lretongeiid peritechiaelésal dlore ahthes statorgwitihat teesst lonentransducer per
material to formthe resilient material sleeve with
pitchhén | east one transducer disposed therein. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0045] Fig. 1 is a

[0022lt rbgre“s%ﬁ/%bo%\ﬁﬁi 'agﬁérlatﬁfé gﬂnofncﬁj 3t Ritol Ha%lg’retained

ria y “and transducers di sposed therel

acco to.0 I ent ent on 046

il R S S PR \?Pgm?@eiwmh% rotor
(tzj cast material body wi th housings di spose

a”q H&Q SiHOBNNG & 40R%ly ORS riFRNPILRET @l'srposﬁéc'ar Fﬁienéest"@%r{@ate”a'

enbodi nent of the invention.[0047] Fig. 3 is a
sleevshemati ¢ cross-sectional view of a stator having a

cast material body and a transducer disposed therein,

[0044] ok dhethotl cofofoemingbadiesitisht afatétal sleseniof @nprddd@giye cavity
Fig. 4Ais a perspective view of a profiled helical

apptalr'@l%ls fHeCRBHIWCdPineNRIeFBORINEEA kIctvethSd |ﬁfb%rr‘l‘irﬁg38t Ieast one
[0049] Fig. 4B is a close-up perspective view of

of 5’ %fllla&dné\%f BBle BHA% HofTed helical outer surface, filling the sleeve

mold with a resilient material in a fluid state, disposing at least one transducer
into the resilient material, and curing the resilient material to form the resilient

material sleeve with the at least one transducer disposed therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Fig. 1 is a schematic cross-sectional view of a stator having a cast
material body and transducers disposed therein, according to one embodiment of
the invention.

[0046] Fig. 2 is a schematic cross-sectional view of a stator having a cast
material body with housings disposed therein and a cavity formed therein,

according to one embodiment of the invention.
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4A. [0050] Fig. 5 is a perspective view of a resilient

mat eri al sl eeve di sposed on a core with a profiled
whedooosds2put er surface and within a | ongitudi NneET/DS1088/088429

of a body to forma resilient material |ined stator,

according to one enbodi nent of the invention. [0051]

Fig. 6 is a longitudinal cross-sectional view of a

10037 L 1ded e SHETES T EeHioNh Y PR oG @ cast
i nvention. [0052] Fig. 7 is a |ongitudinal
matﬂ*’l@éQogb@nﬁo&‘lﬁanﬁﬁ@wr@s@o%ﬁﬁ@@b aecerging {p app&nkaefiment

el ectrical having a conducting section, according to
of tomévembiodi ment of the invention. [0053] Fig. 8is a
schemati c | ongi tudi nal cross-sectional view of a

[OOﬂBPthg haVis ROpérspastivaTiedr bR phomlEd drfica tubanasssiaing to one
di sposed therein, according to one enbodi ment of the

emb@.ﬁ{&ftgﬁthg ﬁgéﬁlﬂ,or{:l g. 9 is cutaway perspective view
a st

ator having a cast material body wth

100 BR T RS o CBRELETRAEP e yBBEGY B PolBaiigal twoe of Fig.

cut away perspective view of a stator having a sl eeve
4Awi th transducers di sposed therein, according to one

enbodi nent of the invention. [0056] Fig. 11 is a
[005@hdmgt bds a pevspectiveevienuat arrgsiientemadeniad rebgpwuet disposed on a

coils at various locations in either a stator or a

coré atithr a préfled Jnefica. outéAsiisace andiavitiin @ lohgitudifalt buretofa body
al ternative nounting techni qgues which may be enpl oyed

to @Qrg”grﬂéfslli%hﬁ%ét%ﬁﬁgﬂﬁéd Gt&Rr| citdfig RSlond ERTRBIRENAOS the
invention.

[0051] Fig. 6 is a longitudinal cross-sectional view of a stator having a cast
material body with transducers disposed therein, according to one embodiment
of the invention.

[0052] Fig. 7 is a longitudinal cross-sectional view of a progressive cavity
apparatus electrical having a conducting section, according to one embodiment
of the invention.

[0053] Fig. 8 is a schematic longitudinal cross-sectional view of a stator having
a cast material body and a transducer disposed therein, according to one
embodiment of the invention.

[0054] Fig. 9 is cutaway perspective view of a stator having a cast material body

with transducers disposed therein, according to one embodiment of the invention.
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DETAI LED DESCRI PTI ON OF THE I NVENTION [0058] Fig. 1 is

a schematic cross-sectional view of a stator 100
whasoongssa7 cast material body 102 and transducepsT/US20A8/188429

04D di sposed therein, according to one enbodi ment of

the invention. Although the following is in reference

to a stator of an oilfield dowhole notor, it offered

.exa The net hods and, appar.at use
(00881, 01t 20 R EblemobEisegriye Sist Ch oPetaiRating A Seeve with
i ndustries and uses. [0059] As used herein, the term
transgsicerpedispesad Higagin, aegasdingdoLnesgreppaimeass @f & investian.
nold in a nolten or fluid state. Uncured cast materi al
[0066 Hig. &1 ia o bchemstiaviewabf #ie otountingeolt elatinmpgeetic coils at
tenperature and/or pressure, e.g., 21 C (70 F) and 10

varibu Recdtibhs In RRher a 6RREE6H & YEtoy.. [ 0060] Cast nateri al
can be any material suitable for use with a

[OOB?f gs?"l)!(% SR ARPAE R StheRlo Qgﬁ'ﬁﬁfi\?e rﬁcﬂﬁl&ﬁ@%chniques

can be a reS|n or m xt ure resi ns

n-_Li ng, exanml e of .a gsin LS t
whitB ey Be PRI Bt e o pedrilciCel ) sipepa caigr or 2
U K, which is rated for use up to 260 C(500 F). Cast
stalegt erial can be a metal filled, ceramc filled, and/ or
polyneric fiber filled epoxy, e.g., those naterials
can be used as a matrix encapsulated in the cast
material. Non-limting exanples of netal filled

DETAILEEROESCRIPTHON OFnTHA! INVENTIONS |iquid netal and
are produced by I TWDevcon in the United States and

[0058F n1 VE @& séhePh@R ¥rdse- sécﬂohé‘le\né@/' dresl sf%lt&gqi@mhafvﬂfg a cast

exanple. Metal fillers which can be utilized are

mat%tr%?lbio o’FUQa%Hm trﬁ%u%% d 1baR! Jr’(?‘%D g%epdé% {hle%lhl B8cording to

ymeric fS ber ¥ resin

oneﬁ %iﬁe?h”kn’%@tng E%,@%UQRC)LUW& i %'&\Wﬂégiwﬁ eqge to a
stator of an oilfield downhole motor, it offered by way of example only. The
methods and apparatuses disclosed herein are equally applicable in other
industries and uses.

[0059] As used herein, the term cast material shall refer to a material poured
into a mold in a molten or fluid state. Uncured cast material can be at a fluid
state at about ambient atmospheric temperature and/or pressure, e.g., 21°C
(70°F) and 101 kPa (14.7 psi), respectively.

[0060] Cast material can be any material suitable for use with a progressive
cavity apparatus. For example, the cast material can be a resin or mixture of
resins. One non-limiting example of a resin is the High Temperature Mould

Maker (C-1) liquid epoxy by Devcon U.K., which is rated for use up to 260°C
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240 C (460F). Metal fillers or other heat conducting
materials can be added if desired for strength and/or

w0 o00008s3oTt heat generated in the stator bore POT/UE®08/088429
outer surface of the stator tube to aid in cooling.
[0061] Another type of cast material is an anorphous
all oy, which is an alloy havi ng an anor phous atom c

(506{5]{)u-q%u§rtﬁ‘ggt§ﬁi§ ﬁ{ggt C{rﬁéfé? g %cgr@gpAn?@%geﬁ rpocR//merlc fiber

re-heating. [0062] Cast material can be cured by the

filleg epragye edd-, thane materials caarbm sieed iasga m@lirIXeemwsaIated in the
Mul ti ple concentric layers of differing or simlar

cast astenalt dolimnitranekampleis| ofzedtal Chad epaxiesiant thhase bemmonly
selected to resist premature wear based on the fluid,

knoWH 881i§@ia reel Hag apé besduridt byt MatPevidnt iAlthe Wt'éd%tates and
the drill bit nmud, used to power or be punped through

ORI ESHI y e an

FrefRrchig, %ﬁ@pﬁ%d”?@%@‘%ﬁ@%&t@ﬁﬂ a{f"a}reé*éi‘t%'%mm“’f"'ers
requi rements, for e the do errpe

whipBdeas] BEeofiso S1honp o R e Kt Gy nﬁoraaa'm'tmg
into a desired shas , .and the poldin rocess allo

exaMpfseiugePolyBasie Hbapdieds regingis acpp eaebﬂarw pgf r?efc’l*fB'C “filed
cast material. Mdre particularly, the fluidic nature

NowsflagHd nesire by aProigch EantrefemaidiK.hddg. thatvemaing stable up to
allows the material to conformto whatever is di sposed

240°C (o9 °Fpl Metdihiilkers an ctthéromedtheordiuctiad nhateeialsi cam bé aided if
transducer, housing, cavity nold, or other apparatus

des'lr’%ofo? ré@reﬁbtﬁ ﬂh@/o@%tcdﬁﬂhéf haht éﬁét%'?ed?fr’rﬂtﬁé‘%fbt&e bore to the
cured (e.g., solidified) into a cast mat eri al body.

outérOQL%; el\gfttﬂe stt]ﬁof"rm) dt'onﬁmr?cg&%l%ft ed in the draw ngs
y & 5

are no neceéssari t o scal termtransducer
deV| cgqv\/m ch can transf o m en

1005 15 ArsiEer ins”ob c&flo el alds i Ao e ALy Mg an alloy

are in the sanme energ ¥
having an amorphous atomic structure (i.e., not crystalline). Amorphous alloys

retain the amorphous structure after repeated re-heating.

[0062] Cast material can be cured by the passage of time and/or thermosetting,
for example. Multiple concentric layers of differing or similar cast materials can
be utilized. Cast material can be selected to resist premature wear based on the
fluid, which can include other particulate matter, such as the drill bit mud, used to
power or be pumped through a progressive cavity apparatus. Cast material can
also be selected based on expected temperature exposure requirements, for
example, the downhole temperature.

[0063] In one embodiment, the cast material is molded into a desired shape,

and the molding process allows a transducer to be disposed (e.g., embedded)
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domai n, e.g., nechanical, chemcal or electrical. A
transducer can include devices which coupl e energy

w0 y@emssset hin a domain, e.g., an el ectromagnet PCT/US2008/088429
comuni cati on apparatus. One enbodi nent of an
el ectromagneti ¢ conmuni cati on apparatus is descri bed
below in reference to Fig. 7. A transducer can be a

..sensor _and/ or an _actuator. A sensor typically nonitar ,
witn 89 cash Batrish Maedasrodlafly.RPIIdiG HELEE of tae Repterighwhile
on a system A transducer can include, but is not .
the| $tﬁ¢Qreé0<ﬂ§0,|S P ast @llowss e mafedpletq cealorM tatwhatgver is
sensor, a tenperature sensor, a coil of a power
dispeseer &t ithg @mpfhr athis, can rallgnetthe@fdieegboneertiganef at itnagsducer,
apparatus, a piezo electric generator (which can be in

housHPNUAVRRIMGIA, BF bthen dppafatlis dnteethedRlidie@aet Afatérial, which can
stator), a reciprocating punp, an accel eroneter, a

theff BRC 88 188 soRalfREN FHOBRIARS mAtEIdynomet er, a
0 ensor, a

formati resistrvity sensor, a seisnoneter,

l,ectraompgneti c i.ndycti.on .cqjl,. an.electro netic .
[00BA N SnDapipie ke Hepdte! didhe rainos et AP dEfagsariy to
sensor, an optical fiber, a magnetorheol ogi cal sensor,
scal- dR¢ eHRLT uskr Shal &gfler 9@ fgvigp pyleieh sadiranEerm energy
transducer, housing, cavity nold, or other apparatus
froro apneb dyrit $@ @ethern exenoifittotls eneagye tyfes hee 4t dbersasne energy
cast material body portion thereof, exposed to an

dorhaingre.guyriackanitall hehestisloor aflectaissl. oA etraddugedycan include
portion thereof (e.g., the profiled helical bore

devidt®f ®hibh c8lipla! £8srat types Ywilis aPdehaifde! ahedl¥ctromagnetic
thin the cast matérial body. A transducer can be

Wi
. . . h . .
cortfhLBIcBRan Tt " C et st DSy BEafl or SBgHEmagneti
corgnLpseBaN GRPaS RedG bR N (R erke (edge. /- A ransducer
material. [0065] In the enbodinent of Fig. 1, stator
canmbparggssar ead/or patastydpr-ndEensoptypically monitors a system and an

actuator typically imposes a condition on a system. A transducer can include,
but is not limited to, a pressure sensor, an electrode, a strain sensor, a
temperature sensor, a coil of a power generating apparatus, a magnet of a power
generating apparatus, a piezo electric generator (which can be in communication
with a profiled helical bore of a stator), a reciprocating pump, an accelerometer, a
shock sensor, a magnetometer, an inclinometer, a formation sensor, a resistivity
sensor, a seismometer, an electromagnetic induction coil, an electromagnetic
communication apparatus, a load sensor, a wire strain sensor, an optical fiber, a
magnetorheological sensor, or any combination thereof. It is appreciated that a

transducer, housing, cavity mold, or other apparatus can be disposed in an outer
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including a plurality of transducers ( 104A-104B)

di sposed therein. Stator 100 has a profiled helica
wbons/048367 ext endi ng axi al ly therethrough. The penisioesioss429

helical formof the bore 106 can be seen nore readily

in Figs. 2 and 6 . Fig. 1 illustrates a five | obed

profile, however a stator operating according to the

surlggs i 0e AT S FRAE PhoRTY POBIGH | h%@?ateégoaecﬁ { S,an inner
| obed stator 200. One enbodi nent of the profile
surtase; @falth%@&ﬂobforacéﬁtam@teﬂ?érbm@OdlqneFhsﬁreo’él(@ atL oﬂi‘@ profiled

pitch length (the axial distance of one 360-degree
helicel iboa¢ thereindf ooneltérobeyely f encapsutgied, eatingiyt okithientiteh cast
between two to twenty tines that of the major dianeter
maf@rial b@d)bOAetrarﬁébQﬁﬁ} c&h @RVRIrdiBSs, adisthawaninb®edart. An antenna
resilient material (e.g., el astorrer) and outer tube

canlf.'J? disisedithin t'ﬁ'egc rﬁéfér%ﬁ%@dgptB or' e 'p%We‘?Sstorlng

ustrate an even t ness sl eeve an out er tub

h.either or ve variable t
andfy’ RRRRARY i pon %eo?'8893$£|°@ OF i pSy b WIS 4B cest
| obe of the sleeve 108 can have has a | esser wal
mateRigbkness than the thi ckness at each valley 114, or
vice versa. See sleeve 308 in Fig. 3 for an
[0068hnp1 &g ectodimeanstifigers gtattn41001bap)a cast material body 102
di sposed in any location in cast material body 102.

incliidimgs d ysieralify0 6A tiadistd ocers niMddiAs 804 B)ndisbbbed hirerngiraf i Statbr 100
helical bore 106 and includes a port that extends

had! Br B Ravas BOR 1-(5638%%?1"9 éQl%ﬁY %@ré?ﬁro%gﬂ' €%e profiled
el ectric generator powered by the flow of flUid

nellolf R¥of IR BoRS 26s cBhalls dHERTm IR %5 > BREle. Fig. 1

term na es adj ace éeve nrent
, re sleeve 108 is,. fl uidicl ermeabl e or. forned
'”Uﬁ’}@?%?|aalf'Vtethﬂbe9an9r‘?f|”%'n w«evs%&%@tert%@é 9 ASffy to the
a highly resilient material), transducer 104B can reao_l
Moingauprisisiile €anmhaysras faye6 astivodples:e FeD@XaRIPHHthe embodiment
per neabl e or
in Fig. 2 illustrates a four lobed stator 200. One embodiment of the profiled

helical bore of a stator can have a relatively long pitch length (the axial distance
of one 360-degree helical turn of one lobe), for example, a pitch length between
two to twenty times that of the major diameter of the bore.

[0066] Sleeve 108, which can be a resilient material (e.g., elastomer), and outer
tube 110 depicted in Fig. 1 are each optional. The figures illustrate an even
thickness sleeve and outer tube, although either or both can have variable
thickness as is known in the art. For example, the apex 112 of each lobe of the
sleeve 108 can have has a lesser wall thickness than the thickness at each

valley 114, or vice versa. See sleeve 308 in Fig. 3 for an example.
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formed of material that cannot transmt pressure

t hereacross, transducer 104B can detect any | eakage of
wa@2dooosss2f r om seal ed bore 106, e.g., if sl eeverdD8S2008/088429

becones perforated. Transducer 104C is fully

encapsul ated within cast material body 102. Transducer

104D is a reciprocating punp. In the illustrated

i ment np 104D includes an .. .
100§} et cacho bl EBO e B baseloin divy Reetign i cast
rotor (not shown) rotating within the profiled helical
matgsiakba: 1%uITdam%1MCGG 104 Iy it epmatnicaitonavith thenrietitad helical
116, which displaces a piston(s) or plunger(s) to
boré ddiol artchinelyaiesia port thiytdedends througn sfeevm 108ci praosducerg! 04A
punp 104D can be used to power an actuator, for

care@anbiezo RHeRd gbhératar pGwEreBOheRt flGw OF AR SRELGHP BRI stator.
vi ew of a st ator 200 having a cast material body 202

Tra}g’%%r?é?‘o’f'@’ 98cl(dds & éggt) th%k Sté’t‘?ﬁlﬁgtetshﬁﬂejr%rggntag%egec Yin an

orne hereln ccording to one odi ment of the

emI %éenu %}herga e%\ée 38? éggfu-ldéﬂyﬁ?%{n&aibgnc' dreseoa o? ma%erlal that

el astomarl) and outer tube 210, which are ea
canoFaNgfRE P eASLFféu@‘leﬁ%a%Q%ﬁ k@ gat @rd&%)érrﬁé%lﬁwn?é%ﬂ'%ﬁ tignsducer
pressure conpensated, as is known in the art. Ahousing
104> ras, r221) tf@aﬁretséuemw doag el Qond If sleeve 108vis et toermieable or
rectangul ar fornms depicted in Fig. 2. Housing 2 18 can

forrheae lofdrateripb thiat22hnos hiamsmii pressutttierdatioses) trahsdugsr 104B
the cast material body 202 into the profiled helical

canPabfcEUhya Réﬂk‘éget@f énﬂ@i&t%ﬂnoéeéléﬂf B&® b6t 'éeg Cﬁ‘fsbleeve 108
mat eri al body 02 or stator . Housing 222

bed%rgéﬁsb% edmpﬁ'gé%r%%ﬁgékﬁ p{(gg?tﬁb@hgn%éhld@é Wlfh oc%%dﬁ‘uaterlal
podf Bt L?QT%%%E@% fodthdesr ﬁt@a%fpr%%@mqqgo‘%m 8228 dijstrated
be formed fromany material, for exanple, pol yner or

embedigent,Trepiyaceidng pHBWP §ﬂ6@m‘ﬁ0@§ﬁsb@ apkq@@@@ommbmr n1%. In

use, the outer surface of a rotor (not shown) rotating within the profiled helical
bore 106 would periodically contact actuation member 116, which displaces a
piston(s) or plunger(s) to facilitate pumping. Hydraulic power from reciprocating
pump 104D can be used to power an actuator, for example.

[0068] Fig. 2 is a schematic cross-sectional view of a stator 200 having a cast
material body 202 with housings (218,222) disposed therein and a cavity 226
formed therein, according to one embodiment of the invention. The embodiment
in Fig. 2 includes a sleeve 208, which can be a resilient material (e.g.,
elastomer), and outer tube 210, which are each optional. A housing can be

atmospherically sealed or pressure compensated, as is known in the art. A
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housi ng (21 8, 222) before insertion of the housing (21
8,222) into the cast material body 202. In one
wedoasssent , a housing (21 8,222) is di sposed POT/WS2008/088429
fluid cast material before the cast material is cured
(e.g., solidified). If access to a housing (21 8, 222)
and/ or transducer is desired, an access panel 224 can
be inclu he outer tub rofi
nouiid S48 588 )ecanbe Gk Snsiyd ieeeb i Tai o 3abieRauigs forms
any shape and can be attached to the stator 200 by any
denﬁtaﬂsn Fid 2. langing 21feda inplyide, @ et &k0 (sawsiwith aé‘PHed line)
In an enbodi ment without an outer tube 2 10, housing
thraa@yh thercashohaidealarodyc2@ srip dme prdfived helicamitoreé @06 eaid/or to an
and/or to cover access port to housing 222 (or a void)

extéfich @fa®@X be th®cast hia@eRal bddy D02PEF @t%it@ﬂ edot thuQaﬂg 222 is
access panel (not shown) could be utilized to seal

ilugifficd Wik Opey HiroBn 3AE Kot RMbria F?%@F’?B%?”e@%s ﬁ”ﬁ&%&ﬁe"w'
borso?éﬁiﬁi ?&O-tenaw%ﬁei%‘sjr%%%& B Siiof ARt 8 5T el Bressure

helical bore in the cast materi aI bod 202. Simlarly
corpgnsaed hguging)- eklpé'ﬁkﬂ‘gt(@r é@&?)&ﬁf‘l%f&m@ﬂé‘m aib’smate”a' for
e.g., cotermnouswith the profiled helical bore 206 in
exash@eya poOBnerTormstalc efraosducasnot show) t3n be disposed within a
226. Cavity 226 can be formed as a mrror imge of at
houseras (21183222 )dfeforet inaasidnasfthe @ogsingt(218 22ay aitd yhe easti meterial
a transducer. This can also serve to at | east

bod@ﬁaz@z alihorigebtbbaRn iR BSHbERRg (2180005 R0 ispBLE it luid cast

Cavity 226 In cast naterial body 2 can
maiﬁD%'I pgﬁ)r har gagt?r’rewggeg% d{aa I{;é‘t&gI ?&ldﬂ‘ﬁtdlrjﬁgils%&gegé o a housing
(1228 kit | gﬁ*%iﬁgﬁéﬁqag%'f?@ ?ﬁéhﬂ?qo%'ad@@aﬁﬁ’%? S bg acluded in
cast rraterlal body 202. For exa ortion of the

the sier tuhe REQ m,lcgyp@me@i helical borrTép 206 (no shown). Access panel

224 can be any shape and can be attached to the stator 200 by any means, for
example, weld, bolt, screw, adhesive, etc. In an embodiment without an outer
tube 210, housing 222 can include an access panel (not shown) to seal and/or to
cover access port to housing 222 (or a void) from an exterior surface. It is
appreciated that an access panel (not shown) could be utilized to seal and/or to
cover an access port to housing 222 (or a cavity 226) from the profiled helical
bore 206.

[0069] Stator 200 in Fig. 2 further depicts a cavity 226 in communication with
and coterminous with the profiled helical bore in the cast material body 202.

Similarly, cavity 226 can extend through optional sleeve 108, e.g., coterminous
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extend within the cast material body 202 to forma

mechani cal attachnment to the cast material body 202. A
wa@acoonyssedl d, as is known the art, can be usedp¢DUSTNSN88429

a cavity 226. Cavity nold can be renoved fromthe cast

mat eri al body 202 or can remain attached to the cast

material body 202, e.g., when stator 200 is in use as

wit@g&: S E‘%dts rlhéllg;a Vr'@%%f? E‘B@%S\t/%%ﬁac%é%%/dqn{%k%gg Iarl‘agunt directly in

material, for exanple, polytetrafluoroethylene, to aid
cavity 23 Cavity 2126 FJQWQ%BI”TI%X as iaamigedynage @f, at least part of a

solidified cast material). Al though not shown, cavity
trara2i6icegre.gx ttemeéntavabherexeiver adrarsgucace Tdiis che asstserve to at

material body 202 fromthe profiled helical bore 206.

lea$tOfa1@hIIy-r&tain3al tParkobieBE MR the c@épmé@tbw;atozf | evaafy 206 in
stator 300 having a cast nmaterial body 302 and a

cast rn%%ﬂﬁ@ﬁ?d%%?ﬂ%aﬁfm% Eﬁfﬁgﬂgtﬁe%gé 3(% FBcAE transducer.

es not

ptlona tube circu o.the cast .
molyffid R8s Xatnd hpoRel i TLRiE BobEal i 26 88 curings (e o-
an exterior surface of the cast naterial body 302
soligflyipg) iof theccaskirapiesial saps Berd dhe tReurting Har e o the cast
Transducer 304 is coterm nous with exterior surface
maigriahdodys202vat leeri ekampley B@Eriion @If ghe 3moumting dwidware would
304 can be adjacent exterior surface of the cast

extermd aithid theochst 3etial oy 262 thtfidrnt atrabthyardeal agchaterd to the
Wi thin cast material body 302. Stator 300 includes an

casPRidtenal bddit Fonala %b@i?’ﬁho&p%s iStiloWn $aCar! & bé‘%é‘é’@éform
a cavity 326. Cavity 326 can be fornmed as ‘di scussed

a o3 28" SEIR FRGE bR 02 forpBea MBI P ABCHERT BB 202 o

can be i to se and cover “openin

canﬁﬁqrggl%a@tg%&%g o e”g@ogr Irﬁg ergﬁg%gg ég&eﬁ%é gltv\g?%gootorozq&t) is in
useit gﬁ%%gg,rgsgigguctavﬁl? %%[)talrar’ggs.f E:%r\?ityt/ Ipneolg ICc):laaibte ggat}ag (\a/vith arelease
agent or made of non-stick material, for example, polytetrafluoroethylene, to aid
in the removal from cast material body (e.g., solidified cast material). Although
not shown, cavity 226 can extend to the exterior surface of the cast material body
202 from the profiled helical bore 206.

[0070] Fig. 3 is a schematic cross-sectional view of a stator 300 having a cast
material body 302 and a transducer 304 disposed therein, according to one
embodiment of the invention. Stator 300 does not include optional tube
circumferential to the cast material body 302. Transducer 304 is disposed

adjacent an exterior surface of the cast material body 302, which is the exterior

surface of the stator 300. Transducer 304 is coterminous with exterior surface of
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[0071] Referring now to Figs. 4A-5, one nethod of
formng a stator is described. Fig. 4Ais a

w@eospessti ve view of a profiled helical tube 4POT/US2008/088429
according to one enbodi nent of the invention. Profiled
hel i cal tube can be used as a sleeve, for exanple.
Fig. 4B is a close-up perspective view of the profiled

hel | tube 40 f. F.g. .4 ' [l ustrati .
the st fometobRX aPPdy Fig 3¢ A aREaréa a0 ben e SplgeRn Sxterior

Fig. 5 is a perspective view of a resilient materi al
suracgeqfethgogaqtemgterlag|b@gye3(120(m Fiom, FblgstotaAJA_erg)apsulated within

di sposed on a core with a profiled helical outer
cassundtecial BodyVvdahi rStatdr a3(f) indluchesd abhooiorfal anteothl fedwe 308.
to forma resilient material lined stator 500,
StafsiC30 bRY heluees Lohael BRE! CdvifyNs28 BYRMd Rmedsadi8RBussed
herein, the termresilient shall refer to any nateri al

ab&/@ﬂﬁ%?er@ﬁcék@ﬁ@a@t ' @b néleé %Qé :;13% %PB@J‘ c8h Y Reluded to seal

sh ape or pOSltl ter aVl een Co_r’rpr_esse )
; {
onelf oA Pl ¢ L8 A e sifofS00. cas
ma%rla?/ur ethane. Aresilient material can have a hard

bedy BA3FarHBEde @ R g dispospd éh@fﬁn*rUWé'B@U'i %eﬁfﬁténg from
Shore A scale. Alternatively, the resilient materi al
the saititiof thwimyesten.of a pol yner having a glass transition
t enper at ur eappr oxi mati ng the expected operating
[007 ¢h1Refatririgenol tb Mg dg6 eoisé weethad of Sormit@a statop &y dedcribed.
the polyner to retain its hardness until deployed in

Fig! hﬂ\ Mb'p&%@ct%e\rn@mﬁaf?% bIRARRY AbLES t\’)’@é'éﬁbd’eacfc%ktﬂﬁ to one
The resiliency of the polymer above such tenperature

em%‘@’#ﬁh%n?%f?ﬁéfr\\&nﬂ% tﬁ’roﬂ%fd %Ilctahﬁﬁg%%ﬁe (tj')te s%geééé sleeve, for

I'clentl descri
ed of date he
exaile, Fi9 a%%dé RepIBRs Uy Epar o s frf%”?zqroﬁsﬂﬂﬁ%wfbtube 400
can, at l|least partially, provide nmechanical suppor
of Rige44x Mese sepally Huglating Mﬁ@ loles agdavqﬂewgrféstbe\moﬂled helical

cavity apparatus. The curing process
form. Fig. 5 is a perspective view of a resilient material sleeve 508 (e.g., sleeve

400 from Figs. 4A-4B) disposed on a core with a profiled helical outer surface
and within a longitudinal bore of a body 510 to form a resilient material lined
stator 500, according to one embodiment of the invention. As used herein, the
term resilient shall refer to any material capable of substantially returning to an
original shape or position, as after having been compressed, for example, an
elastomer, rubber (e.g., nitrile or silicone,) propylene, fluorocarbon, urethane, or
polyurethane. A resilient material can have a hardness of less than about 90
durometer or a hardness in the Shore A scale. Alternatively, the resilient material

can be composed of a polymer having a glass ftransition temperature
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can bond a cast material body (e.g., cast materi al
| ayer) to body 5 10 . Alternatively, a cast body can
wbeoobossserl on an exterior nold (not shown), theor/usioo®088429
curing of cast material, bonded to body 510 to form
stator, as shown in Fig. 3 . Body 5 10 can be a tube
(e.g., 110 in Fig. 1 and 2 10 in Fig. 2), nore
speci fically, net a e. [0073].In o enbodi
aprpN g e ExeBey” gpeialtne SRR & i ogtESsve cavit
hel i cal bore is provided. Sleeve 508 can retain a
moter 4@ ines itHbe inpliMenioniekginHisutardress Hatil deppwed inothe; well bore
curing of the fluidic cast nmaterial around the sl eeve
wherensualt E8mperatuner wobuldelde Heuna.alhé oesiicasy b$ thke pofyirber above
further below via the use a support core 528 during

sucﬁttémmrém% Qoufti B esifficiet t@hethR t9é eter RDGpératdeffiarently, all
body 5 10 (e.g., nold). [0074] Tube 508 with a

as ﬂ%?é Lefi‘/ché“s%F tizﬁalln @P.PF? 'Imob%zfﬁ cﬁnéavo@éwem@wawm and

art e prori el'ical i'nner surface is
(ﬁ_ $(?I1 Bg i‘ube 508, and thus in this enbodi nent
inc pBF%? & 'Héﬂyur §Cl'fher surface does not have to be
ormed in the stator body and then |lined with

[00ZPEdEee01eedrs alylgRsapanialy nafids Machanics) Suaarite, a cast

if aresilient material sleeve 508 is fornmed by
maigiriap beiiyigueing yiserafr & padgresaive wavdyl apesratuenil hesgusingaprocess
tube onto core 528, the core 528 preferably remains
cannddmidn & heast esiatér@nt body e(e.ql, tadte nadteliglasayerhtiod Hdag 510.
cast material is sufficiently cured to retain the

Altd?h8fiveda kabi 5@&1 ehRRR fé)‘r'ﬁlebcbﬁ BR &@sridr r‘ﬁBF‘oV(ert s‘hBﬁ/n) then,
sem -cured resi| |ent material to a cylindrical, and

afte:rhtbgﬂg %%EEH\%E%I T méééuogfq bOé 5% t(ﬁ/ﬁ eevrlé%%o%%wn in Fig.
. ﬁ?é»'@?* cSa b 4 Ju%, ﬁbaSt %ﬁgp% Fig 7). more

is essentially the Iast conponent for med. The current
specigally.i dmeddl|tabe. t he

[0073] In one embodiment of making a stator, a sleeve 508 with a profiled
helical bore is provided. Sleeve 508 can retain a profiled helical form without
external support or the curing of the fluidic cast material around the sleeve can
retain the profiled helical form, as is describer further below via the use a support
core 528 during curing and/or disposition of the sleeve 508 into the body 510
(e.g., mold).

[0074] Tube 508 with a profiled helical bore can be formed by any means
known in the art. The profiled helical inner surface is provided by the tube 508,
and thus in this embodiment a profiled helical inner surface does not have to be

preformed in the stator body and then lined with elastomer as is typical in the
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resilient material |layer 508 to be one of the first
conponents forned in the creation of a resilient
wordoenssk7 | i ned stator. [0075] After formati onpCT/D82008/088429
tube (e.g. sleeve) 508 is then disposed within a
| ongi tudi nal bore of a body 5 10, depicted as a tube.
Body 5 10 can be a sinple cylindrical tube as shown in
.the fiLgures, or . an t her _shape or s e of inner or
pric s Fit axaneR. it itk uee v 56 i frimt b pffposing a
Body 510 can have a profiled helical inner and/or
cylipdidgal| semirevieshiresiliertr natefiacdulr @My €ofse A3, ctheplcexe 528
i nner geonetry if so desired. The inner and outer
pretiralpigtremadnrs witbini the resiliemtembtarigi tush atdkeastourdil dtie tagt material
body 5 10 and the inner and outer dianeter or profile

is sOfficiditlysdueed e PSi8irciaR profepenslieal shagkeda@@ Yo HeZRs@lency of the
shape provi ded the sl eeve 508 can be di sposed inside

serﬁif&r@&%ﬂ@erﬁ%ate@igp@é cym?cgidaheam%s% Adh ?g&ilécﬁ‘ﬁelical, form.

eeve are in a desfred pdsition in th

enpodi. t, fluidig cas terial is then di sed.in
Mo RV s e eofiervdd BRBIGL Bl ek sPone dne ST TEr Flithérmore,
. sSleeve 508, which is not required to be a profiled _
in fRENingafn Slremeliftlaye By iRIRENPN agnB ePTIngits e Rlastomeric
bore of the body 5 10 .1 n one enbodi nent, cast
layereis eassentially the last conngosentt lormedn Thes porsent inMentien albows the
534 and can be later cured with heat, pressure, the

resilienis agstendl tdyee,508 to bED okeepf the firstutoinponentst fuemaids i the
non-fully cured cast material within the |ongitudinal

creB@LoPh rédife e teRalfhedPstatgran seal at least a distal
of the void 534 between the outer surface of the

end
[00F5F G >REREn % 10! Et" 9ab,BO6Ba o HE, BRkeE hnin

feria orrmto any

exteriqr of .th I e 508, tp fill the entire void. ,
longltidinglehase ol Bafl BAVaAFPRIALAS 4 bk { B 51 ,catsge a simple

Wi th a progressive cavity apparatus. Metal fillers or
cylipgmes! thggtascmtlm e Hgteas, & anyapther shape or style of inner or

outer diameter and is not limited to a tubular form. Body 510 can have a profiled
helical inner and/or profiled helical outer surface or any type of complex inner
geometry if so desired. The inner and outer diameter or profile of the longitudinal
bore of the body 510 and the inner and outer diameter or profile of the sleeve
508 can independently be any size or shape provided the sleeve 508 can be
disposed inside the body 510.

[0076] When the body 510 and the sleeve 508 are in a desired position in this
embodiment, fluidic cast material is then disposed in the void 534 formed
between the outer surface of the sleeve 508, which is not required to be a

profiled helical outer surface as shown, and the longitudinal bore of the body 510.
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be added if desired to conduct heat generated in the

stator bore to the outer surface of the stator tube to
wa@nahiogssevol i ng. [0078] Cast material can be cpeBDEB®OHYSS429

thernosetting, for exanple. Multiple concentric |ayers

of differing or simlar cast materials can be

utilized. The cast material can be sel ect ed based on

e bt St A e B i Bt S 504
cﬁm nped by a progressive cavity apparatus. Cast

an rebe datee Qweb"éNléféh@éh @ﬁeib?alé%dh@rpaéﬁ%@ ehpeeasts el o keep the
exposure requirenents, for exanple, the downhole fluid

fluidie mp etregrwise nGrdQAY] curéd cast inaterad Methirotnedenhgbadinalimre of the
sl eeve 508 and cast material is desired, a bonding

bod9I8TY,, orieP EaR6_BPLE leadt B BRI .endiddr e ﬂﬂ@'ﬂﬁdbétﬂléelhethe outer
exterior surface of the sleeve 508 prior to insertion

subayife st e siodlo oot s
10075t e timpalEiah SR 5y SIS M sir 03&9%’ Seelfe 508 to
interior surface of the body 510 prior to

the] SRRt VO  ooE: MaSTAl 1RarPecaay JOBIETRl ‘S.iaBkofRr Use with a

groove (not shown) can be machined into the interior
proglassiveccayity iepparaiigi Metahfdlerdor ether helaé condycthglnatesials can
provi de a nmechani cal |ock between the body 5 10 and

be bbided df desiéditd alondutt heabyeherited e the dytatot bare to the outer
desired, the bore of the body 5 10 can be coated with

sur%cé%f@ﬁé@ta@&embe% arefecsdlingon- stick material, for
exanpl e, polytetrafl uoroethylene, to aid in the

[oo?éjgftg?éatl rlnLaP%%qs)]_cngPgL 48 $¥ é@eeme?@efrfof %Me. Multiple
corb SRS A aogﬁ%mﬁ%r el hE B8 iz, o e cast
ma’ttelgigl \c/:gh dbebseél\ggteeg t&eltqseedbgrﬁJI )’fheS flai%, ?A?hogcrtm Ig:gns’ikaﬁ\ég other particulate
matter, for example, drill bit cuttings, used to power or is pumped by a
progressive cavity apparatus. Cast material can be selected based on any
temperature exposure requirements, for example, the downhole fluid
temperature.

[0079] If further adhesion between the sleeve 508 and cast material is desired,
a bonding agent, for example, a primer, can be applied to the exterior surface of
the sleeve 508 prior to insertion into the longitudinal bore of the body 510. If
further adhesion between the body 510 and the cast material is desired, surface

roughing or a bonding agent, for example a primer, can be applied to the interior

surface of the body 510 prior to the insertion therein of the sleeve 508. At least
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508 (e.g., in one enbodinent, a resilient materi al
tube). Conduit, conductor, and/or pathway in cast
wordenssk7 body can connect to a transducer di SPOFES2008/088429
cast material body. Conduit, and/or conductor can be
external to cast material body l|ayer. Sleeve 508 can
be an at | east partially uncured nmaterial. At |east
artiall ured sl eeve 508 can be cured .
onel G108k (AL 157NV CRM O 4BCHAPE: My . hendefiofg Sudaceef the
be di sposed at the proximal end of the |ongitudinal
longigcin@jfoar ﬂ@fmpogy $40tte previdera meshanisal/leCk pgtwigen die body
core 528 within the longitudinal bore. [0081] In
51(nand ez cestbrodternt |Jf relremaé obOte bedyd 630 g dseirextttbd ove of the
retai n a profiled helical formand/or resist

$1U gBhieNcodted wigsh reRiaeel &eritordhade of thontstieRi laterial, for
In such an enbodi nent, use of core 528 during

r [0082] It is
exa ggq%%gﬁﬂ@®g§e g@@gog%?gi fg%bg 'e utilized
ut,. a sl eeve 508 I n.one, enbodi

l°°§1’£;f? SO0 T 1 Bl e 0 B P At FRENLARS Bgemar
material is added to the void_534 between body 5 10

Seri N@ o/ &/498862\HcerRQrstechRY JEf)IENF] NQIEIN; & éﬁ'ﬂwt conductor,
cured, the 528 core is renpbved, e.g., akin tothreading

andfobpathwayt cast ba aast jnte dhewpiss betwqarbthel leadyh el  @ld thergeeve
formed directly in the cast material. If renoval of

508 (e ggoineode E&nisodiezint ed, retiienp hedtetiglidtubel). c@bndwit,econductor,
surface thereof can be coated with a rel ease agent or

and/&dBa®ivayom- ééétcr'ﬁaf@Fa?'Uoﬂgo cdrPEo¥édibea transducer disposed in
pol yt etraf | uor oet hyl ene re 528 can be a frangible

cas?'m bﬁBPﬁ&&&ld et ghd)MP'c%tﬁdﬁ%r Ben l?é’ié%brngﬁolt S%St material

chem cal i ssolved, etc. ermve F om pr of

i cal bore arted in c . Suc a . st
bodySlvER staqye, BB Fn e o 4t Resl Pertply pitschatuSad. At teast
njection as is typical in the art. |f desired,
paﬁ'@{yrrvrrh@w@fi Sée%\t%ﬁé Geanbe ﬁ@f&fbéorr‘@fﬁ%m\tb’ WHe tB@d‘@SS magerial.
fromthe cast material, e.g., stator
End ring 530 can be disposed at the proximal end of the longitudinal bore of the

body 510 to center the sleeve 508 and/or core 528 within the longitudinal bore.
[0081] In another embodiment, sleeve 508 is design selected to retain a
profiled helical form and/or resist deformation when cast material is disposed in
void 534. In such an embodiment, use of core 528 during formation of the stator
500 is optional.

[0082] It is also appreciated that a core 528 can be utilized without a sleeve
508. In one embodiment, core 528 is displaced into the bore of body 510 and
fluidic cast material is added to the void 534 between body 510 and core 528.

When cast material is sufficiently cured, the 528 core is removed, e.g., akin to
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300 in Fig. 3. [0083] Fig. 6 is a |longitudinal

cross-sectional view of a stator 600 having a cast
wordoenssk7 body 602 with transducers 604A- 604D BCEHPSBOE088429

therein, according to one enbodi nent of the invention.

Transducers 604A- 604D can be distributed al ong an

axial length of the stator 600 and/or circunferenti al

to. t udi f t at d

thrasgis B UOha ﬁﬁ?&ﬂ%ﬁ Q?ofﬁe% m@@ﬁﬁé%mﬁ siegtly in
interval along a stator. 0084}3

thelcgsbmalenialallf aroewal sédhe saes 52 dnghired, sheqreBleghelical outer

cavity apparatus 700 having an el ectrical conducting
suriaeetthereo? 82n becxated mitht o releasecaperti orenadebf hbe-stick material,
i nvention. Progressive cavity apparatus 700 includes a

for EREPDIe] Qolybtrafldroedlyidred Getd 628 cautiss asthrigisie or disposable
di sposed in the profiled helical bore of a stator 706,

matérial whicH E8Y B é’H She %cg |‘E$I§}S|8ﬁ§8lveb NefdNéo remove from

enbo rrent eeve rent materi

trated enhadi ment eeve 708
pmﬁ'sﬁt*}q“ﬁa A g BTt S 67 Uiggea as is
Sl eeve 708 can abut theprofijl ed heI [ cal outer surface
or liged; Re-r BY SlaSIRCHINSRION dfe|SalyPICARL Nt NeAT-né dgsined. grming of
the invention. Stator 706 can have a cast materi al
a statay cap dodsge remoningetieododedfl 0 fedracthei east neatedatta.ag stator
section 702 includes an electrical conductor ring 710
300 in Rigcast material body of the stator 706, rotor 704
havi ng an outer surface with a second el ectri cal

[OOSQFCN@t 8's bi1BAgitudtdaldrb§$L8E &) vithw bf‘ﬁrsﬁét‘ér 6@0%3%19 a cast
nt er medi at e r|ng section 714 of the sl eeve

o S T L e —
one; g Houien it B S1vERHNT EiensE ey s - DB Ratan g distributed
aloﬁggaee:x?al Iér?grth %f tr?ép!st%torcgorobgrﬂ]d/olf glrgl?r%ferentlal to a longitudinal axis
of a stator. Transducers 604A-604D can be distributed at a constant or variable
interval along a stator.

[0084] Fig. 7 is a longitudinal cross-sectional view of a progressive cavity
apparatus 700 having an electrical conducting section 702, according to one
embodiment of the invention. Progressive cavity apparatus 700 includes a rotor
704 with a profiled helical outer surface disposed in the profiled helical bore of a
stator 706, with a sleeve 708 disposed therebetween. In one embodiment, the

sleeve 708 is a resilient material. The illustrated embodiment depicts the sleeve

708 abutting the profiled helical bore of the stator 706. Sleeve 708 can abut the
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enbodi nent, carbon particles are encapsulated within

sl eeve 708, which can be a non-conductive material.
waeb@onsgsseal conductor ring 710 can be di sposedpCTUS20081688429

cast material body of the stator 706 when the cast

material is in a fluid state. Electrical conductor

ring 7 10 can be circunferential to bore of the stator

prOﬁ' BeheTCa Siter G ees o dheroRS i bEort agoa 30 gfo e Serit of

[0086] In another enbodl ment, elenent 7 10 can be one
the dventioagiatos 1@6capdnavend castypatariagbagyat i ng appar at us
and el enent 712 can be the other. Relative rotation
[00856Fkrlebehee emboaimegen eelectical eminducting . séctianhiZ2 includes an
enbodi nent, it can be desirable to ensure suitable

eleétﬁéalsédr}ddcibrqmg” A¢0 e iastast maferiapBbAYIBF &fié 8lator 706, rotor 704
Progressive cavity apparatus 700 can include an

ha\)éﬁeéﬁeféi © SR Se\ﬁfth og 7§e%onboc@g&trlgélg cd%dy%tcﬁ' ring 712

emati ¢ T'ongitudi nal cross-sectional view o
. stator .8 havi ng a_cast rmter al
oirc pRkEELM R diehad rerA B, g iR 14 51 4k sleeve 708
enmbodi nent of the invention, Transducer 804 ext end
COMprésig @n%(”d&ICt'V%rT@@'i‘?”@i‘ thereinpiey eorpErINicAte Redeer t@@zf'rSt 710
can be a wre strain sensor or at |east one optical
and itersecbod &l gheciricalr conctigterr riggsl caleeyrt €01 dam he resilient

helical path along the bore 806. [0088] A few
mateiat landi intlideesariulctise aohatesiahthereitasdr srémpieal cdpboy. In one
stator wiwth at |east one transducer disposed therein

embbdimehevedtBol §eetidiBSdre EhaassIHSRUSWItMA ISR/ PPOE which can be

sensors and actuators. In one enbodi nent, a sensor

o PRSIV B8 By Sl cRp NP0 B ST Benca o
thesrptén% {T’@Ji m‘j é)%&é(?qfaa ator 786”111 ; orgst%at%Haf |sqn a fluid state.
Electrical conductor ring 710 can be circumferential to bore of the stator 706.
Conductor or other transmittal means can provide power to and/or from each
conductor ring (710,712).

[0086] In another embodiment, element 710 can be one of a magnet and a coil
of a power generating apparatus and element 712 can be the other. Relative
rotation therebetween can generate electricity. In this embodiment, it can be
desirable to ensure suitable resistivity characteristics of cast material.
Progressive cavity apparatus 700 can include an intermediate ring section 714.
[0087] Fig. 8 is a schematic longitudinal cross-sectional view of a stator 800
having a cast material body 802 and a transducer 804 disposed therein,

according to one embodiment of the invention. Transducer 804 extends along an
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[0089] A stator having a cast material body with at
| east one transducer disposed therein can allow the
wo obobosdsey uses, for exanple. At | east one traPSTUSBNS/088429
can be a tenperature, pressure, strain, |oad, etc.
sensor utilized during the formation of a stator. A
signal from a tenperature, pressure strain, |oad etc.
: sor of stator utili nltor t.he cur
axidionon St Sedil Trarstucst B0 CRnBRE wire, dtiin Sepsoror at
or a data |l og. In one enbodi nment, heat is applied to
leastrenecapticakdiber.ifar example: eTFGSiSQH@q?r 304 ram extafigeinaa hekcal path
sensor in the cast material can indicate the state of
alongithes béres80tyl e sensor or nultiple sensors can be
utilized. Curing can be controlled via the signal. For

[0088pW&ew ﬁo?gluhmhgf‘@(ahhtﬂeﬁ%ﬂlbsﬁ@oéldégt hatéha SRRt stator with at
material to generate desired tenperature (or

leadt®BR rﬁéhﬁ&(%'rscﬁléb@égd el \/Fnhen&ﬁsg e "BREibal. aﬁ%ﬁ’éducers
' cqlfal e edEE?fZSrerZQQ ‘o e sast mater

indaﬁg?wqﬁﬁ%%ﬁ?s % RECARS® T BpbobmPhERRH R o srnsgr igposed
the cast materjal can be utilized to detect

withip Seeaftimaieripl bedy RN SIQHIGF o EheCk mpealth af §t3§@t8f dars can

be heated to a desired tenperature and a signal
be dene rdwsingf stetaratsel €agt Usaeas anpedanaios) sedsung ienmdirienance
cast material. Signal can be conpared to tenperature
peridgnal s from ot her tenperature sensors di sposed in the
cast material or a prototypic signal. A prototypic

[0089PRI stafS? REvihgeaStatamAERACHedy VWF?W &Oleast one transducer
dlscontan|ty i3 present. For exanple, one can nonitor

disé&ee ?ﬁ%re i AR 3“0\&/ gh%uﬁlowﬁgcﬁssés MR- L Ahol! @ At least one

ur e sensor can’be comnpared t
nmode erfections o

trarlfidé’rcﬁ tcaphéén%aremp&ﬁ%"?@f% NSRS ﬂ@@né%?dc?l%tct r?&”é%ﬁ“'“zed

_rraterl al can be utilized to cast or assenble a stator .
during the formation of a stator. A signal from a temperature, pressure, strain,

load etc. sensor of stator can be utilized to monitor the curing of the cast
material. Monitoring can be in real time or a data log. In one embodiment, heat
is applied to the cast material to cure. Signal from a temperature sensor in the
cast material can indicate the state of cure. A single sensor or multiple sensors
can be utilized. Curing can be controlled via the signal. For example, regulating
the heat applied to the cast material to generate a desired temperature (or
temperature distribution) in the cast material and/or regulating the pressure
applied to the cast material to generate a desired pressure (or pressure

distribution) in the cast material.
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and/or to nonitor or assenble a rotor and a stator to
forma progressive cavity apparatus. A strain,

w@r@ssssse7 | oad, and/or tenperature signal canP@EUS2008/088429
provi ded fromrespective sensor(s) disposed in the
cast material body. Strain, pressure, |oad, and/or
tenperature signal provided during the insertion of a

ntot profil ed. helical of tato

toohff oA st B Bagt weltrah cen demiRen oS sefedtiatidlisgg tinuity in
undesirable fit therebetween. [0092] Simlarly

the statar.n Fopexanple, a pider, cm@ﬁ&eat@ﬂrﬁélaamwr@dshemrature and a
provi ded during the rotation of a rotor into the

sigmal ofetleedh&lonc adt lease afe dempetaiurg segsor durthiegcaste nederial.
a progressive cavity apparatus) can be conpared to a

Sighalotan Bei conspdraal tottemperslira @@narsyfrdmvmbr @Mmperature sensors
t her ebet ween. Devi ation of signal and a prototypic

dls;%éé'aaﬂn FRNCAL hERPANEr taopr%'fbtgﬁﬁesﬁgﬁébl K Sﬂrbfoé%l@ sigiwal can be

wear, | nmproper parts, etc or-corre pon

theda”a%ee%pzecieq?g@{ 71 R Sineoaiity' & B5Eh e%ainp'st gpe oo
and stator. Prototy i csi naI can be a f| rst si
mogRrdhe hgat {RBR %éhr@HEEJP%ﬁ Bomatayiah ¥ eeIRerabEs § hSof(s) and

signal to ascertain any deviation therebetween. The
thispeav ibsu somparest $0 caknbwnuwedel, ri.ea, poyiimpesfections or voids will
interference fit stator, as is knowin the art, e.g.,

distupetheesichsaremeraseri al sl eeve is at |east partially
conpressed during rotation of the rotor within the

[OOQ‘IPf h gohsbeld @l chemneatefial & BE atifred (PO lorAssemble a stator

plurality of pressure sensors can be distributed

aancl)rofBgrr]oW{gr o8 a%ggﬁ%fa 6abt c?naﬁﬂ bhstafdrRb 3hih & grbgrrégé%e cavity

n one enbodi nent, ressure sensor

ADHRER U A ST tmsg%tereblpagin@q%' ot s cah 68 BroVided

schematically with reference characters 904A- 904C in
frorrirgspectiver eiser @) sispnasedvibhe aast matarialobedhe c Btraiy pressure,
pressure integrity of
load, and/or temperature signal provided during the insertion of a rotor into the

profiled helical bore of a stator can be compared to a prototypic signal to
determine any undesirable fit therebetween.

[0092] Similarly, strain, pressure, load, and/or temperature signal provided
during the rotation of a rotor into the profiled helical bore of a stator (e.g., during
use as a progressive cavity apparatus) can be compared to a prototypic signal to
determine any deviation therebetween. Deviation of signal and a prototypic
signal can correspond to an undesirable fit due to wear, improper parts, etc.
and/or correspond to any damage to the progressive cavity apparatus, e.g.,

damage to a resilient material sleeve between a rotor and stator. A prototypic
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a cavity within the assenbled notor. A cavity is a

voi d between the rotor and stator. There is a cl osed
wa@aconyssat each pitch distance and this cavit yPCT/I82008/088429

voi d) travels along the progressive cavity apparatus

to effectively carry a slug of fluid. Stator can have

one sensor every pitch distance, for exanple, pressure

. nsors t rovi de h ressure distribution alon

siond s Nl whis5 A BeN te Smbhsdinu pubsEant Scond

~ | eakage and/ or f| t between rotor and stator. [0094]

signeldPtassiesieiny agy dgviadionatherersiweppesEig @revigag methods can be
torsion, etc., sensors can be used to check fit and/or

usegdeinf @poaitive ibErfereled figstatoryfaacs knevwaimdthepert aeigonthesresilient
progressive cavity apparatus (e.g., down hole). A

materidn8lectei$ @s RRdipattidll) ddnforeE88¢ duAng Ire@tion aTdhérotor within
torsion along the stator can allow an assessnent of

the@%‘ﬁéﬁi‘ﬁéﬁ%ﬂbo@éo@tHHQt%LcﬁSS' ve cavity notor, for

cavity Is the space betvveen the rotor and

t he ' cl osed caV|t
l°°§#ﬁt§ne®r5% §f GusRofiry sRaS0raens b g Ewee%prai?nq egnd in
helical bore of a stator, effectlvely carra/ aslu %
corgnupicatian wWith. 3 weoled dslisalaberer | e @neremAe '&%tthe fgssure
cal culating the performance of the notor, pressure
sensers @re reisiributedoaongna asisgleepitch la@iA- e@A@)ongaaehelical path
measurenents at each pitch distance and from know edge

tracgid bheon®iabe, g RO Schematicatlyl with aterbhee tahagiasters 904A-
contribution of each pressurized cavity. [0095] If

9042 MePigS 9armredéirer dehidbe hodlPPE UsBE t8CAEEK the bre%@ﬂré‘in'té@’if ity of
determ nati on where a problemis occurring, i.

a C%Wtfuntﬁgbtﬁey aQ#_érﬁBleg;r%fH’re ﬁ'&(\’/ﬂ nJ void (%t(/\/%'eﬂ t%%?or and

can measur he fFeactive torq

e stator 80 oma ressuyr d ca
Stay  TMEr |5 o1 oReibr eV NebEeAER T JRIE %raév¥n§,ceVIt>é(le void)
void) to another this wll showuplnthetorq
travedsh 8l nenBRt Iy ograssivienea \tyrapnaratus to effectively carry a slug of fluid.

Stator can have one sensor every pitch distance, for example, pressure sensors
to provide the pressure distribution along the progressive cavity apparatus, i.e.,
to check the leakage and/or fit between rotor and stator.

[0094] Additionally or alternatively, pressure, load, torsion, etc., sensors can be
used to check fit and/or performance both during manufacture and operation as a
progressive cavity apparatus (e.g., down hole). A signal corresponding to the
pressure, load, and/or torsion along the stator can allow an assessment of power
output as a progressive cavity motor, for example. A cavity is the space between
the rotor and stator and there is a closed cavity at each pitch distance. This

cavity/void travels along the profiled helical bore of a stator, effectively carrying a
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gauge 804 and/or the pressure neasurenents from any
pressure sensors (e.g., sensors 904A-904C in Fig. 9)
WO poooossseni cation with the profil ed helical boper/uSives/ 088429
cause of a |l eak between cavities could be wear or
damage to either the stator (e.g., the resilient
material liner) or rotor. This inforrration can be
with a flowrate intg th tor 800 an e
slug oo T - BUbTof s SHIR0ES e 18Ry BoruSeslofite 1t SAuiding the
stator (e.g., detected from peri odr c sensor readings)
perfasm@ecer o ﬁ"@ PR, Fe’ﬁ$$lﬁ’eefﬁi@@8w[€®’0©'ﬁj5 fremesensess a(geg n904A-
to Figs. 1-9, methods of use will be described, but
904<hotdke mebsbeenhentstadeadh piteh diigiaote carerirodi rkenWiedgmof the
one enbodi ment, a prototypic signal of a sensor (e.g.,
mottP AfsckRdiFy iy ouRtah calcuRad the tBFUe e8stribbfen &fasHdhepressurized
st at or bore 106 can be pressurized to a chosen
ca Vﬂg_essure and the signal fromthe sensor(s) at the
chosen pressure can be the prototypic pressure Si gnal

itianall [t t|ver .

100fbf 1L 5315015 aff S BHEE: sbBelmenstidte CRGR At GRfeREnaton
sensor at the chosen tepperature can he the

whejeoe d%é?faeént'%r?ﬁé%(mré% WAEN. CaNtyaRHER 'Br%%@f‘&boo“me”t a
and/ or tenperature of the stator 100 fromthe

straiegeoge d-9. 894 ,in HigB)1cau Q)eashies thex prativettorqueeon the stator
chosen pressure and/ or tenperature, respectively, can

80 fronoapresslrizedt dwvityr oSiodilaplyc ifthgrealssa |faky frdev bag icanity (i.e.,
t herebetween can indicate a discontinuity of the

vor§)tf%)t 8hotheP thid- Will: sttt QNI T Ed/rgeé ﬁ]@ﬁs&@ﬁed@tf@hh 3he strain
2 and/or resilient materi al 097] A plurality

98@2é@‘{r’%ﬂé@riﬁ%éﬁ%%é%f@%?%f Sl ﬂ?ﬁﬁﬁ@?ﬁé@e seglors,(eg.
serBpBORABRAC 42,146y PE T EBmEEPAtars vAy Moo it Refcal bore.

t her ebet ween. Deviation can indicate failure of the
Thescause af e dpak hebyesrk cayiieeicguld be wear or damage to either the

stator (e.g., the resilient material liner) or rotor. This information can be
combined with a flow rate into the stator 800 and the rate of revolution (e.g.,
RPM) between the rotor and stator (e.g., detected from periodic sensor readings)
to determine power efficiency.

[0096] Referring again to Figs. 1-9, methods of use will be described, but should
not be limited to the depicted embodiments. In one embodiment, a prototypic
signal of a sensor (e.g., 104A-104C in Fig. 1) can be provided. For example,
stator bore 106 can be pressurized to a chosen pressure and the signal from the
sensor(s) at the chosen pressure can be the prototypic pressure signal.

Additionally or alternatively, stator bore 106 can be heated to a chosen
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resilient material |ayer/seal failure detection, wear

of rotor/stator) and/or presence of a slug of fluid in
wo b@oesdsotli mnent of a pressure sensor. Conpari NBCT/US2008/088429

concurrent signals can allow nonitoring along a

desired length of a stator. For exanple is pressure

and/or strain sensors are enbedded in the cast

material | ayer signal (s her fro can
te”lmr@tPEeeén% ‘?ﬁ!ﬂr@é?@”{ %‘%ﬂ%ﬁ@éﬁ&% %%Pemperature can be
characteristic of the notor as descri bed her ei n.
the [rootp@yPia terapa@iures SigBale nfin iact el Nresire andl/er temnesatusg of the
a progressive cavity apparatus can include providing a
stafor otOft frpinc thed gaasongE@ne.gt eld4Mheod @) mdicor exsodedsr theed chosen
correctly (e.g., proper tolerances) into the profiled
pre§&lreCahd/Bpémpbratiusd, aegpectRiehf, ddaiPbe 6GNParedS i i p@@t@typlc
be for a pressure, strain, tenperature signal, etc.

S|gr‘?‘£§ uaAni'o%WJtlth‘H@@oeW/BéﬁrcaW Hd}%térﬁj/d@gcoﬁflﬁﬁﬁy of the stator

ssenbly can be conpares to a protofypic signal’

vari,ance,. co ondi.n sir
10cef WRRGRIGRGIBE RO dplelinl 10R R Babeht el 108
etc. can be utilized to nonjtor a progressive cavi t y
[ooﬁﬂorﬁ Plralityr ofzsensers Caphied Shiribytgdiang the fitaieht €-9a sensors
prototypic signal of a sensor (e.g., 104A-1 04C

904(909%@|di&mntag schematiesliy wdFigi ©. c/éuslgml frone adiredserisar can be
exanpl e when the progressive cavity apparatus is

confipareti @i angsigoalr €&inh yandthes skison@) utee deterdnine any deviation
progressive cavity apparatus, the condition of the

thel%b%tt\ﬁéeﬂo%e\MﬁHch&@rhdl@é%bWQﬁhr@ ofepel dtefdr (BRY eé'cﬁ‘éck therein,
| ayer 108, can be ascertained via the sensor(s)

res‘ﬁéﬁ‘m CUEN GJ er/%%arsfagﬂraé dét%gf'l?ﬁ’" \ﬁ@éﬁ&rrofo?f%té}gr)ca‘?'@?&r nﬁ%sence

secon ubsequent” Si froma sSensor

, i cat e .an esired fit and/ failure of
of qﬁ S&T 4 %%&%POW@#Q?& RIRSFYTe SPERE  LOMRATNG coneurrent
appreci ate that the degree of change corresponding to
signals aaediove manitoring B9 padesiied lsngtmel atshator. &&n exemple is
determined, i.e., relatively small deviations in
pressuyeadind/or strain sensors are embedded in the cast material layer, the

signal(s) therefrom can be utilized to indicate the torque and/or power
characteristic of the motor as described herein.

[0098] A method of assembling a rotor and a stator of a progressive cavity
apparatus can include providing a prototypic signal generated when a rotor is
inserted correctly (e.g., proper tolerances) into the profiled helical bore of a
stator. Prototypic sensor signal can be for a pressure, strain, temperature signal,
etc. An actual signal from a sensor during and/or after assembly can be

compares to a prototypic signal, with a variance corresponding to undesirable fit.
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are not necessarily indicative of undesired fit and/or
failure of the stator. The enbodi nents of this

WO poosgssen can be used to create a real tinme nPOT/USINSQES429
system [001 00] The enbodi ments of this invention can
be used to create an Qutgoing Service Test (OST).
There a signal fromsensor(s) of the new progressi ve

vity .apparatus (e.qg,,.md nmotqor) is take
oo iR a Futieli Siroit tmBRiaiuds SRne: B (90 be wtljzed to
nmud notor is having problens, the heat generated can
MORIEOrzth PIABESSIYE 6V ARPARHSRIGR Atpteratliereofe Iy onegmbediment, a
engi ne nonitor. The power output of a progressive
protodypic signap af atsesisaf g git0da-104e) caréspondagnter atdesined fit can
i.e., a characteristic finger print. This tenperature

be §eRératéd, Fan eREMPRE Aheal the thragfbdsileesavigrasardiuists dunctioning
si gnal from a tenperature sensor(s) to determ ne any

corlfe%Hg.t Tﬁ'ﬂlg/&frlng%s%% 2% ESR/FSJS%%E)%Q%&’éﬂtthC h@ﬁon of the

progressive cavity ap ensor can pe an

axi | gad sensor ch can oad .on .
sta@f i, WHich, B8P TR BB hfBHE et H@%&?@ﬁ’@ gperained
. bit when the rogreSS|ve_cav|tg apparatus is a
via fhg §ENSAN(Re Hed @MaPIgr Afirstgign '[fﬂgﬁ@zfe%&ﬂn *é%\ﬁoﬁhpared to
an accel eroneter, shock sensor, magnetoneter, etc. to
a speanrdrsubsheuerit signabfrotth@ sersasr aaddany qhenge ¢asy indicate an
drilling mechani cs and bottom hol e assenbly (BHA)
undsstrednfitnamd/borfainge GOHEDS{atbor e @1 ereirgpy skilk imitiee art will
sensors, etc. can be disposed into the cast material,

appPeSiate BRIIAE Rlffelt DffdMaingd corfdRdir P anlgsdkbdired fit and/or
resistivity, seismc eval uation, or ot her | oggi ng

falll%aéfuthg@?gtg)? 8ﬁ'géeggf:eq ?Trefér%fcf d%‘?é}f\'/%(}})%ah%ﬁ?iqﬁ)ﬂg% signals

be “use nmeasur e

are@t%é&%&h& R A@égt[/zle erfgtm%ﬁ'egt _|t cﬂgru ?alllure o%%lesstgt%rr] The
embodiments of this invention can be used to create a real time monitoring
system.

[00100] The embodiments of this invention can be used to create an Outgoing
Service Test (OST). There a signal from sensor(s) of the new progressive cavity
apparatus (e.g., mud motor) is taken and compared subsequently for degradation
after use. If a mud motor is having problems, the heat generated can be an
indication of an impending fault, e.g., as an engine monitor. The power output of
a progressive cavity apparatus also gives rise to heat generation, i.e., a
characteristic finger print. This temperature profile can be ascertained and later
compared to a signal from a temperature sensor(s) to determine any fault and/or

to approximate the power output of the progressive cavity apparatus.
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804 in Fig. 8 to transmt information (active or

passi vel y) across the stator. As nore fully shown in
wo2@9/048827 el ect romagneti c coils can be di SpoSeBCT/NS1008088429

el astonehc cast materials 110 1, in the interior

surface of the stator tub body 1103, or on the

exterior surface of the stator body 1105 These coi l s

oS RRESES B 55 STl e ST 5 8 o o

1107_as needed for senS|n? Field I|nes_dramn are .
stafor| ultatert load ean gorraPenrd @ ihemmight enibitiMhenhibespigsessive
or direction of the electronagnetic field, generated
caviy appasads sya amyd olotarhettacheditb | drilsbitrore ful |y shown
in Fig. 11A, the coils can be circunferential to the

[001 02 énidr nsdin B&ich 8EcdlBRNétak, 0shdeRIyerbb ImaignBIuméted etc. to

in a tangential plane to the |ongitudinal axis of the

meéétﬂ'%e%ebrﬂﬁbforjryihe %BPSHdWVBfO?QOPHrlmHQ'rﬂé@r{drﬁés ﬁnd bottom

ace o tator or an exterror surface o
stator . fo Qses re ui red. Any nunber of
hole ﬁé%%’i!‘{?b/ @% ’B@P?’E”m}t 58 tonmbi ned in one stator body
to_acconplish a nunber of useful sensing and contro
[001 Q3L F PBRAtOM SENEPrSa SRAKKPENRATS: RifovieM: B tm&@qdnmlt%tge cast
art. The useful ness of the progressive cavity punp is
matexiphreigd Synsasidfd inhidgsBat bheswagnihes obed der resisijyiyr seismic
for the electromagnetic coils used by these sensors.

eva bS5 bor otk 1DgYTQr heasorameertls s fEsbddtied GeatomntgobnbRigy in a
to detect torque and/or weight on bit. In one

stat%?’%ﬁﬁ'déﬁﬁﬁed 1o MU SHhBnSSNEBF 10g) rﬁiwhfﬁ@ﬂlrllhﬂ gFig. 8)
can be encapsul ated in cast matéri When distributed

[OO?QEFE | s t riéh?ﬁnéuétcﬂ 8{»13 EQI‘? b%nﬁlsbogggnrg%%s thaterial (e.g.,

he"w're strarn senso
Of3 R B raggﬁﬁtiﬁ&?r“a?@%c@gﬂgé%?h?%%éé'@ G g sator. ns
mo%3&|®?ts§o$§d?élFﬁéeﬁﬁglﬁﬁ%}ﬁr{'@é@é@d ‘cons c%]ahnt be d?slpto)sed in the
elastomeric cast materials 1101, in the interior surface of the stator tub body
1103, or on the exterior surface of the stator body 1105. These coils can be
cooperatively mounted to communicate with coils mounted on a rotor of the
progressive cavity motor 1107 as needed for sensing. Field lines drawn are
illustrative only and not intended to limit the scope or direction of the
electromagnetic field, generated or sensed by any of these coils. As more fully
shown in Fig. 11A, the coils can be circumferential to the longitudinal axis of the
stator body 1109 or mounted in a tangential plane to the longitudinal axis of the

stator body 1111, whether mounted on an interior surface of the stator or an

exterior surface of the stator for the purposes required. Any number of these
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torque) Changes in resistance can al so be used to
detect overall tenperature changes al ong the notor. By
waoleeposssey sensors along the stator body in theCT/ES1008/088429
materials, vital tenperature data can be collected and
processed thereby forewarning of immnent failure of
the progressive cavity notor, and other operational
associ at ed W|th|ncre sedm)or rat u
tvp?%@?@eﬁs Bsmqm*w@ﬁddarpr@es @bl ¢ roesEBlRiaeer aper of
qg - 804|n Fig. 8). Light can be transmtted
us Llﬂrscﬂmlfﬂg ped cﬁﬂnl’fr@hlfurfqt@@ﬁ, alBae lese@nee wedf knqwyhto ¢agese in this
indicate a deflection of optical fiber, and thus a
art.stTree nseulrehsk| @fcthieoprogireddinee casity patrgr i&abxﬂ)andmj b udirgg the
optical fiber is disposed. This deflection can
stafoRdhBt fsam é?é“aa'su?theberlt(h@ eRcromatipietibt c8liz bBséd by these
and/ or a radi al ection (e.g., torque). The high
serdgisel ess bandwi dth associated with the disposition of
optical fiber in the cast material can be permt

ture caneras xam n ern [ ]

roo§he, FpARSSHROR A bR FRAFRT Ees baleel R Q??%ﬁtﬁ’e@usnandfor
i nfrared spectrun1 Al t hough available jn w

weighker . IpNesRePH M Wﬁﬁsﬂr%%%%(@& wﬁ% i iy 8) can be
t echnol ogy nekes optical viewng difficult. [00107]

encapsulated ycastsmiatarad abee disiribyiesl alpngpplangiivioé & stator, the
the sleeve (e.g., resilient material sleeve 108 in

smé&ll ghardges inFtegisti¥ By io$ tiee adireastrain Benspecan e asoewatfeda These
stator 1000 having sl eeve 1008 with transducers 101 O

| t |
BACh SSsvtaon 55 Salaas s FIRETIRILTAbsch hdlvy 1o

ind@ﬁ@ !afi%g&al\';@éf%[c]:'tl gfea&/%f h(]ggo%gte) éj‘%h& P dﬁoﬁ% H@ﬁeec{tloﬂ' eg.,
e A A A

body 1002 is shown renoved for illustrative purposes
chapget alenGMeamolyd By HsPeg 6ARSPS alarg theesigtor body in the cast

materials, vital temperature data can be collected and processed thereby
forewarning of imminent failure of the progressive cavity motor, and other
operational problems associated with increased motor temperature.

[00106] Optical fiber can be disposed in cast material (e.g., 804 in Fig. 8). Light
can be transmitted through the optical fiber. Backscatter of light can indicate a
deflection of optical fiber, and thus a strain or deflection of the cast material in
which the optical fiber is disposed. This deflection can indicate an axial
deflection (e.g., weight on bit) and/or a radial deflection (e.g., torque). The high
noiseless bandwidth associated with the disposition of optical fiber in the cast

material can be permit miniature cameras to examine pump internals as well as
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transducer 1004 di sposed therein. Portion of sleeve
1008 is depicted as renoved to nore readily show
wo cansssseer 1010. Transducer 10 10 can be encapsmiustoesis8s429
within the sl eeve 1008 (as shown) or disposed
partially therein sleeve 1008. Sensors, electronics
and/ or wires can be di sposed (or encapsul ated) into a
esi | j.ent rial slev L def
well GEHSRS i el i 3 6T e minle s higiar S speghrum. - Although
Sensors 1010 di sposed in the sl eeve 1008 can all ow for
avaifghlietiorwiref systems. dumelastionic reiae @sseeiptachwil such technology
renotely. [00108] Sensor 10 10 is illustrated as a
makes bpticehyiewisg difficuiti ty in the nmesh 1010 can indicate
a crack or other defect in the sleeve 1008 (e.g.,
resilient material layer). Wre(s) 10 12 can extend
from sl eeve 1008 into and/or through the cast materi al

[oo4§PjsEvé+ @Q%s&é‘r}aﬂ%ﬁ/e%f %avglﬁf ABlicable ththeaQ%/e% (eg.,

rcu cast mater aI n -‘on _
resfig@inplele SRRV T nFrd Pl i s §¥°%5€rlv9§>f88'%%gei%°sv'ew of a

can include providing_a_ sleeve nold, [ 1ing
statgf edQa) newn& Sieesier 008 Whih franerdarsi 10407 plapased therein,

state, disposing at |east one transducer at |east
accpeding 40 lopeiambodiment osthe wentien.etn ahe eamebditnenhgleewe 1008
resilient material to formthe resilient materi al

is asleeitient miatdriglt Ste@st1000éndiudets dastanatdiriapbsey 10Dewhkich.can be
Sl eeve nold can forma tubular sleeve or a profiled

surfitindeal b ?'ae%@% (h@t‘@h(ﬁ\ﬁﬁﬁb&tdlé‘&ﬁ%eﬁﬁ’&é e'F%ﬁIb@”rhél&al bore
based on flexibl'e circuit board technol ogy to be

10d t?ﬂ@?%ﬁr@uﬁfﬂ Vel {Bd3s. fb??ﬂow &ddggecor grlg%ocdfl onals shown

eeve to nonitor an oper

th ify. d t h
remorvsﬁsmt" Ristrable P2l aishst are bl bR Fan Sl ey ingyce o
exan nati on. '[001091 Nuner ous enbodi nents and .
trangdueeh at004e lisnesed othergine HReitoni et Isieeme 1008 is depicted as

removed to more readily show transducer 1010. Transducer 1010 can be
encapsulated within the sleeve 1008 (as shown) or disposed partially therein
sleeve 1008. Sensors, electronics and/or wires can be disposed (or
encapsulated) into a resilient material sleeve, like a deformable or flexible circuit
board, during its manufacture. Sensors 1010 disposed in the sleeve 1008 can
allow for monitoring of the continuity and/or thickness remotely.

[00108] Sensor 1010 is illustrated as a mesh. Any discontinuity in the mesh
1010 can indicate a crack or other defect in the sleeve 1008 (e.g., resilient
material layer). Wire(s) 1012 can extend from sleeve 1008 into and/or through

the cast material 1002. Sleeve 1008 can be cured before, during, and/or after
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Wil e the above disclosure includes the best node

belief in carrying out the invention as contenpl ated
whyoovlossseaned i nventors, not all possible altePaBUB288088429

have been discl osed. For that reason, the scope and

limtation of the present invention is not to be

restri cted to the above disclosure, but is instead to

curiioF PaslSmafi] Cogséﬁé*ee,‘}\nﬁ%q.ﬁgﬁt,aé’tp%%ﬁ?m%'.@%é}fgﬂ 10eV6r the

with a profl | ed helical bore conprising: providing a
sleewsr d0GBtin rgsivent i Feaming pogsilisnt evatsiialf sleeve di0d§I ean rflude
the core within a longitudinal bore of a body; filling
proaiding d stegvweemold, Hidingr thiei $leevdelald atithoatresilientrrhatsgiabin a fluid
the core and the |ongitudinal bore of the body with a

stateasdispeding | &l |edbtaond Uirshsdutef:; atdisasespatialy ih@Ahe Orsilient
transducer in the cast material; and curing the cast

ma%‘?lta?rdrﬁ'i' curi thy}%sﬂsﬁth@%té?fal % A ﬂﬁe"}‘égf@hpﬁn%if@rlalﬂ sleeﬁ/e with

I sposing s ep occur's he cast materia

dstate claiml fur
at '%%?ipciﬂ r%@“l“&%x‘?ﬁ?&?ﬂzh%r&% %P&Pﬁ%"ﬂ%‘d&ﬂ“e‘f?”@a%E“b“'ar sleeve
materjial. 4 . The nethod of claim 1l wherein the cor
or ﬁn@ﬁ%‘&?&s hglicalsslep¥d s eermaltting @é‘(}*éeQﬁeéjp&Qf&rqnﬂfér @éﬁed on
. The nethod of claim4 further conprising renoving
erX!tH@ areuié Hoasuntectenalegy (o batimpementad witbievids flaxibte member.
the resilient naterial sleeve is retained within the
This woettl easblentifiersiedve to monitor and record operational details of the

progressive cavity pump and either transmit or save such data for subsequent
download and examination.

[00109] Numerous embodiments and alternatives thereof have been disclosed.
While the above disclosure includes the best mode belief in carrying out the
invention as contemplated by the named inventors, not all possible alternatives
have been disclosed. For that reason, the scope and limitation of the present
invention is not to be restricted to the above disclosure, but is instead to be

defined and construed by the appended claims.

40



6 . The nmethod of claim1 further conprising providing
a signal froma tenperature sensor in the cast
wordoenssk? 7 . The nethod of claim6 further cPOPUSBI0SEES8429
nonitoring the curing step via the signal.8 . The
met hod of claim®6 further conprising controlling the
curing step based on the signal. 9 . A nethod of
CL&@%ﬁC“ ng discontinuity in a stator conprising a cast
rial body with a profiled helical bore therein,

WhaPR dEhRrbdisconpri sing: heating the stator; providing a
signal fromat |east one tenperature sensor disposed

in the cast material body; and conparing the signal to
a prototypic signal to determ ne any discontinuity. 10

1. A rethietifsidorohing $sstatdriwith @ prafied hahehl dosé adbmprisiga
progressive cavity ag@ar atus, the method conpri sing:

prpéQY'g'lnﬁg?' terE withy B g Sﬁﬂq“%'r@tﬁr Sd&C%mt eri al body
; t th
rot%)I he pr@#lhl%gig ﬁﬁ*cﬁgél{&%r%‘rdga E)r |rd: 28 a °
sifigimgl afvo@h’oe’twdaaﬂte prrodil et hailcalsmhsrosurmcsqoo’sm coret &red the
t t I d al .t
S?ito By RaTe SigP osTlihe et Motsil ioa it Sate;

%@ﬁeﬁéﬁs&f trafstiudee id HePEadt Pnalelisr Bhae any
undeS| rable fit. 11. A nmethod of assenbling a rotor

adring $nexcast matediapr ogr essi ve cavity apparatus, the
met hod conpri si ng:
2. The method of claim 1 wherein the disposing step occurs when the cast
material is in the fluid state.

3. The method of claim 1 further comprising removing the core from the cured

cast material.

4. The method of claim 1 wherein the core includes a resilient material sleeve
disposed thereon.

5. The method of claim 4 further comprising removing the core from the resilient
material sleeve, wherein the resilient material sleeve is retained within the

cured cast material.

6. The method of claim 1 further comprising providing a signal from a

temperature sensor in the cast material.

7. The method of claim 6 further comprising monitoring the curing step via the
signal.
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providing the stator conprising a cast material body
wth a profiled helical bore therein; inserting the

wo od0ossset 0 t he profiled helical bore; provi di POT/ES2008/088429

signal fromat |east one pressure sensor disposed in
the cast material body and in communication with the
profiled helical bore; and conparing the signal to a

. B eBiing Sttt s SRR pOREIRE B Fofincip based on

upglesignapl e fit.12 . A nethod of assenbling a rotor
and a st ator of a progressive cavity apparatus, the
nmet hod conprising: providing the stator conprising a

9. FeuPR o et PR o ok B1 &t eS8 7 Biamriecal booy

by a preTiéd hBlica bpfé& &dtein, Hedmathdd @cﬁhﬁhsmgaSt one
pressure sensor in comuni cation with the profiled

héeatag thwe@teihd a strain signal fromat |east one
g r&n&mﬁ‘??lﬁﬁaPfrér%oaﬁqgaétrb&ehﬁ%rfﬁégtu@'égﬁ%&] d|988|:¥ed ﬁ’ﬂﬂe cast
mpar | g ressuré signal  to a prototypi ¢ pressure

Si gnakna@rdalctmajpaan@g the strain signal to a prot otypl c
strain signal to determ ne any undesirable fit
prcemamsghﬁrs&@ L2 RQlopie élgy‘ﬁl © @.@tﬁﬁﬁﬁ‘eﬁ@h%%ont'nww
corresponding to a desired fit between the stator and
the rotor. 13 . A nmethod of nonitoring a progressive

10.cami metlagp afadssencoling ias roigr aanrdbtaoistators b sa& dorogressive cavity

11.

prof|I re of .a stator, the nethod
?rﬁpﬁgﬁe@%Pg|%@Qfs'n%ast one strain sensor
d'p?@\ﬂéi‘ﬁ@ e Stafrdoristhd @ cRRdMakrial BBdA§ WvtPB: profiled helical
bore therein;
inserting the rotor into the profiled helical bore;
providing a signal from at least one strain sensor disposed in the cast
material body; and
comparing the signal to a prototypic signal corresponding to a desired fit
between the stator and the rotor to determine any undesirable fit.

A method of assembling a rotor and a stator of a progressive cavity

apparatus, the method comprising:

providing the stator comprising a cast material body with a profiled helical
bore therein;

inserting the rotor into the profiled helical bore;

providing a signal from at least one pressure sensor disposed in the cast
material body and in communication with the profiled helical bore; and

comparing the signal to a prototypic signal corresponding to a desired fit
between the stator and the rotor to determine any undesirable fit.
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providing a prototypic signal of the at |east one
strain sensor corresponding to a desired fit between

wo b@ossssenr and the rotor; providing a subsequear/us2008/088429

signal fromthe at |east one strain sensor; and
conparing the prototypic signal to the subsequent
signal to determ ne any deviation therebetween. 14. A

12. ooy o FRRORIE A0EaR 1k eGbl G AORPETSSbE Saviy

ofapRafdtas the rﬁ@lﬁoﬂ‘ﬂo‘?‘@&s‘?ﬁgm“ Si ng providing at |east
one pressure sensor disposed in a cast material body

oforovidingt theostaton dcanpprisimgnantasitmeterial thdy vethpraadriofied helical
hel i cg providing a prototypic signal of the at

| east 8F?e$ﬁr%§sure sensor corresponding to a desired
flinserehyarRNrotbeing MedsroflRd Hdligar isérer ; providing a
subseguent signal fromthe at |east one pressure

s @hR\Weingartdciegariensign@ prash oy pieasti gl PresstFe sensor in
subseg ﬁmurﬁé&!@l wﬁﬁtﬁ@bﬁ&f@@ﬁem b%?é’a% Ptrain signal from at

t her epet ween noni toring a

progr st vRe Ghvin yeraupalistiosed Go g ca$tngat@r|eob@dy, and
di sposed in a profiled heljical bore of a stator, the
w&PﬁH@%‘SnﬁP@sPF@SSUb@ 09198fhdCate IRty RIRe PEgSSA® signal and

sensogoﬁggnﬁ th@a%?‘an‘?% il %Séjg??]téﬁ)lﬂ)zégﬁtrgm sig aI to determine

comuni cat1 o the profile ore |spose
in a eaptundesirabid fitpdpeopratolypat aIressurpr emddpmgotypic strain

prototypic strain signal qf the. east

P ensorthal Srietat e afestatf ianBan e Srudl &7 the rotor
| east one pressure sensor, the prototypic strain and
prototypi c pressure signals corresponding to a desired

13.1 iA mMedhosk oh NeRFtasingt ampragressive eapityrapparatus comprising a rotor

14.

disposed in a profiled helical bore of a stator, the method comprising:

providing at least one strain sensor disposed in a cast material body of the
stator;

providing a prototypic signal of the at least one strain sensor corresponding
to a desired fit between the stator and the rotor;

providing a subsequent signal from the at least one strain sensor; and

comparing the prototypic signal to the subsequent signal to determine any

deviation therebetween.

A method of monitoring a progressive cavity apparatus comprising a rotor

disposed in a profiled helical bore of a stator, the method comprising:

providing at least one pressure sensor disposed in a cast material body of
the stator and in communication with the profiled helical bore;

providing a prototypic signal of the at least one pressure sensor
corresponding to a desired fit between the stator and the rotor;

providing a subsequent signal from the at least one pressure sensor; and
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provi ding a subsequent strain signal fromthe at |east
one strain sensor and a subsequent pressure signal

wo canaiogdse7 at | east one pressure sensor; and COPQBUSIIGS8/088429

15.

16.

the prototypic strain signal to the subsequent strain
signal and conparing the prototypic pressure signal to
t he subsequent pressure signal to determ ne any

[ od of .nonitori

devi at i | h
o0 hEs B0, BE ORI S SnaliadnE SHDRPaverg SR, b detSfinthe any

di spoagglatlgn%é}éggm% helical bore of a stator, the
nmet hod conprising: providing at | east one of a

tenperature sensor, a pressure sensor i n comruni cati on

o s B U0 B Leh uEBlraRSU A0 BBl e FogHho o roor

prd%ﬁdébﬂgn a érbﬂl%t:l tedligathorerata $thforathe rﬂéﬁionﬂﬁnprf sm@.e
tenperature sensor, the pressure sensor, and the

storeyigingeals trast p}n@vstdalngswswtﬁ@haéﬂﬁa%m@rgﬁsglﬁ%lsensor in
from LhgAlnbaRs e 8k bRTIAPTRIICE! Wicke SREBked A° o cast

pressure sensor, rarn sensor, onparlng

t he fnfeﬁérlaim?bdswdfslee]smor second signal s to det er mi ne
any devi ati on therebetween . The nmethod of claim16

vaé?‘éﬂwga@ AreiQitPie sEapy S'QH@' PT g ablﬁ?%@b‘@eﬂtﬁéﬂtsensor and a
secon 0 t
ot or PIGDERE: BroisBra SATAH SR 2t doasiorit REsie! Sénsor, the
nmat er pajtolypctystnélnt bed smratojyplclgﬁessu!reneighebk odrresponding to a
nonitqrin ressive cavi apparatus conprising a
r ot or 8?"5,%4)&3 Stﬁ?éfqt%a”‘i%]ﬁ“% Eﬁ?r bore of a stator,
t RponBnGeH sGIRsER|Uch %t}alrpél@ﬁél%é}ﬁ the Rt Yt iong Qfain sensor and
pressurée sensors disposed’in a cast material body of
a subsequent pressure signal from the at least one pressure sensor;
and
comparing the prototypic strain signal to the subsequent strain signal and
comparing the prototypic pressure signal to the subsequent pressure

signal to determine any deviation therebetween.

A method of monitoring a progressive cavity apparatus comprising a rotor

disposed in a profiled helical bore of a stator, the method comprising:

providing at least one of a temperature sensor, a pressure sensor in
communication with the profiled helical bore, and a strain sensor
disposed in a cast material body of the stator; and

providing a first signal from the at least one of the temperature sensor, the
pressure sensor, and the strain sensor;

providing a subsequent second signal from the at least one of the
temperature sensor, the pressure sensor, and the strain sensor; and

comparing the first and subsequent second signals to determine any
deviation therebetween.
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the stator and in communication with the profiled
helical bore; providing a first signal fromone of the

w@r@smssse7 sensors; providing a second signal fPrPOMUIS2008/088429

18.

19.

20.

21.

anot her of the pressure sensors; and conparing the
first signal to the subsequent second signal to
determ ne any devi ati on therebetween. . The net hod
of cl ai

h i di b
O TR eedof HAiels SRioRh et ?r%é?f f,haq firsh oL ppseauent
t@%c@ﬁ@félérﬁ’&s heki %é%ergféroe d%n hetsticrt 8f theQotofN@ the . profiled

hod of” claim 18 further rising distributing t
plhehaﬂihhcyemﬂ‘mmm@teﬂeh@nﬂﬁof thestétor.i cal path al ong
the profiled helical bore of the stator with at | east
one pressure sensor per pitch length. 2 1. A nethod of

MAARiEthEW of mm.wmgoytm@gre@éw@ (ﬁi\mgf sdriRisC@dhpdising a rotor
ap aratus conpri si a rotor osed in a profiled

Ispegedio eerefileg fﬁi?léﬁbboreth@ $f@ afolnedvads¢argprising:
pr ?éfvﬂfn@ ?fu]rélggg)tf pp%estuﬁé gaﬁé’é ERellSiel d |ﬂ aSBgéterﬂa rFIanOdy of

I'n conmuni cat

W| th tHBastpto:vfaridad doahmoaicab@m eithitheprolfiled haligal dsopey pi €
ignal of the at | east one pressure sensor
cmv:_lgﬁsrﬁjﬂrﬁgswabfrﬂw PONGUICBRHTBLRENSAIS Vi di ng a
g}? GRGY sSLdHRSi Eél%rﬁ%oﬂﬁer'oﬁ?ﬁ‘ﬁé Rdsuke ﬁéﬁé’dr@ and
nsor; “and conrpa ing the prototy p| sighal to the
sm:bsrqmmgtthelfgsstaélgmaj tddéhe sobsexudnt seoonaisigmat pudet2Pming any

nmet hod _of .neasur a torque output of a progressive
caV|tae‘é'6B9'P q@b@&‘ﬁﬁWsi ng a rotor disposed in a

profiled helical bore of a stator, the method

The method of claim 18 further comprising distributing the plurality of
pressure sensors in a helical path along the profiled helical bore of the
stator.

The method of claim 18 further comprising distributing the plurality of
pressure sensors in a helical path along the profiled helical bore of the
stator with at least one pressure sensor per pitch length.

A method of measuring a torque output of a progressive cavity apparatus

comprising a rotor disposed in a profiled helical bore of a stator, the method

comprising:

providing at least one pressure sensor disposed in a cast material body of
the stator and in communication with the profiled helical bore;

providing a prototypic signal of the at least one pressure sensor
corresponding to a known torque output;

providing a subsequent signal from the at least one pressure sensor; and

comparing the prototypic signal to the subsequent signal to determine the

torque output.
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conprising: providing at |east one strain sensor
di sposed in a cast material body of the stator;

w@rawiosssey a prototypic signal of the at | eastPOn®ES2008/088429

22.

23.

24.

strain sensor corresponding to a known torque output;
provi ding a subsequent signal fromthe at |east one
strain sensor; and conparing the prototypic signal to
t he subsequent signal to deternine the torque output.
23. A nethod of generating electricity in a

PIAOHRRSH o rﬁé‘é/ét}rbh gPRREFRieUSutHR Y 'asbﬂ?%ré’sél&é ‘ééwﬂﬂ‘épéaratus

stator, the nethod corrpr|3| ng. providi r ot or
ha:ommlsmgea obtoa dispgpsed imadorafiedi helighl bomfea stator, the method
generating apparatus; providing the stator having the

of REPTGIY he magnet and the coil disposed in a cast

MreVidiag dad¥stt hies eRhin SeHbor @isiosed ih REcagitmatenial bbﬂ}r/]@f the
proflle helical bore in the cast material body of

st at oftat®; generate el ectricity via a relative rotation

b?ﬁéé\ﬁg{@@ﬁg}‘@%ﬁ %Igﬁg| 5ﬂﬂeCaCE'IJeast20Ahe éotré'fﬁtsté?lgg%orresponding

y in d progressive cavi
apparajasknowmnb'rcgjmtﬂut otor di sposed in a profiled
helical bore of a stato he nmet hod conp [

pmvlainega i heguenE P Boe remdBR AR oapsﬁsrf?iri'agr%prf Aad
ARG e pioRYpRI it B RECSuGueRt SRFEHTY BRlerfihe the

pr of el ore;
torque output.

A method of generating electricity in a progressive cavity apparatus

comprising a rotor and a stator, the method comprising:

providing the rotor having one of a magnet and a coil of a power generating
apparatus;

providing the stator having the other of the magnet and the coil disposed in
a cast material body thereof; and

rotating the rotor within a profiled helical bore in the cast material body of
the stator to generate electricity via a relative rotation between the
magnet and the coil.

A method of generating electricity in a progressive cavity apparatus
comprising a rotor disposed in a profiled helical bore of a stator, the method
comprising:
providing a piezo electric generator disposed in the cast material body of the

stator and in communication with the profiled helical bore; and
disposing a fluid through the profiled helical bore of the stator, wherein the
fluid generates electricity via actuation of the piezo electric generator.
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di sposing a fluid through the profiled helical bore of
the stator, wherein the fluid generates electricity

wo 2@mgsseat i on of the piezo el ectric generat or PREUSA08/088429

25.

26.

27.

28.

met hod of generating hydraulic power in a progressive
cavity apparatus conprising a rotor and a stator, the
met hod conprising: providing the stator havi ng a

{ RorEbRod o G8pBialiiony dTREIT: BOBETIR BhpinGieTRLg Cruly apparatus
h%hﬁ?@lswﬁgé PotoP ah8% S8&)r, MRAEIMRID RPRYriGhgt he stator,

wher el n e rotor engages an actuation nenber of the .
r @coyidingdhe rs@etpu hpviegteeradiprgcatngpumme gispoésddeid heastonnterial
bor e h d\gﬁge ydraulic power. 26. A method of

form 8 %rS?oP” th a profiled helical bore

C eotRtting I the rofr avittilh N profiéd @ieWtdllbdrefhahe! &t hedtesial body of
outer surface; displacing the core within a

| ongi thedistaipr, bwheresn the bsdgr: eﬂgage%garaa@ma@%emﬁér&er of the

the p é)(flﬂ)tjo%?tlﬁk)hﬁgi eﬁ%ﬁﬁ@g lef ﬁ}%ﬁpr%fflleto}1ﬁelfc% Bop@?o é@ﬁerate

I ong| di na cast nra eria

a fl uhgdmsiuit @owdrsposi ng at Ieast one cavity nold in
the cast material; and curing the cast material. 27. A
met hod of monitoring a progressive cavity apparatus

CR'mét'anlQﬁf&rﬁu g%rst%ﬁ*g\%e&' Fd’nlé?d Refdd) befe E&ln'pﬁ?ﬂnpbor e

of a stator, r sing: providin
opeoadingla tmdeamofllddﬂ'msalcbuterwrm; materlal body
of .t he st m t he at

and .provi din signal fron
" ciastociie B pore VB Srebrtod )t ahed o an axi a
| @iffhgOR VORELEMAIER the profiled helical outer surface of the core and the
longitudinal bore of the body with a cast material in a fluid state;
disposing at least one cavity mold in the cast material; and

curing the cast material.

A method of monitoring a progressive cavity apparatus comprising a rotor

disposed in a profiled helical bore of a stator, the method comprising:

providing at least one axial load sensor disposed in a cast material body of
the stator; and

providing a signal from the at least one axial load sensor corresponding to

an axial load on the stator.

A method of monitoring a progressive cavity apparatus comprising a rotor

disposed in a profiled helical bore of a stator, the method comprising:

providing at least one wire strain sensor disposed in a cast material body of
the stator; and

providing a signal from the at least one wire strain sensor corresponding to
an axial torque on the stator.
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28. A nethod of nonitoring a progressive cavity

apparatus conprising a rotor disposed in a profiled
whedooosds2bore of a stator, the nethod conpri si PQI/US2008/088429

providing at | east one wire strain sensor disposed in

a cast material body of the stator; and providing a

signal fromthe at | east one wire strain sensor

20 CBAR SRR S Lo S B 583 0m b
PHRBS MganfePiMe &R hitfle M biidte dUdng. he cast material

before curing. 30. The nmethod of "claim 1 further
conpri sing di sposing an atnospherically seal ed housi ng

i nto the cgst ter] efore curing. 3 1. A nethod of.
30. oM ePRrgf BBl GebrUane: SPGrang Sisagelio g SmosprErically

PlsedlcRiSiFdusnG Mitd the addtanateral befordBudng.esi | ient

mat eri al sl eeve therebetween, the nethod conpri sing:

providing the stator having a first electrical

31 .C%nfﬁlé‘fﬁ of Eg%rﬁtﬂﬂiéatgﬁlstb%%e‘?{ Eaétagp%ﬁptg%tt%?qu e{ gl%é;ressive

first electrircal con r ring circunrerentil a

proakity eabgerbiusalnabimge ofretitientstrdterial laswedithgreldetween, the
rotor having an outer surface with a second el ectrical
c SPRINeE SPMATiSY'%dj acent thereto; and communi cati ng

b t i i . .
; %‘r%‘ﬁ&?ﬂﬁ tH@g{’%étgﬁhagftﬁgré ﬂ(?ﬁt%‘?é‘&ﬁgalgdo%ﬂhf:fo‘??'ngflﬂtrkﬂgﬁét%aterlal

ings tHrou [ medi ate ring section
resi |l bedy thatemxf] éhe Jirgteekectranab réosidagtost Grog cuircuimferential to a

R RRRST Bei SN BE o o T (formn
gm\ggwgg tie LidRS Walihg R SR |eérdeel Wehl PYeRond electrical
conductor ring adjacent thereto; and
communicating between the first and the second electrical conductor rings
through an intermediate ring section of the resilient material sleeve

comprising a conductive material disposed therein.

32. A method of forming a stator with a profiled helical bore comprising:
providing a tube with the profiled helical bore therein;
displacing the tube within a longitudinal bore of a body;
filling a void between an outer surface of the tube and the longitudinal bore
of the body with a cast material in a fluid state;
disposing at least one transducer in the cast material; and

curing the cast material.

33. The method of claim 32 further comprising removing an assembly of the cast
material and the tube from the longitudinal bore of the body.

34. A stator comprising:

a cast material body with a profiled helical bore; and
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di spl acing the tube within a |ongitudinal bore of a
body; filling a void between an outer surface of the

WO ndwe/0883d7 t he | ongi tudi nal bore of the body w péT/aSDas088429
material in a fluid state; disposing at |east one
transducer in the cast material; and curing the cast
material. 33. The nethod of claim 32 further

conprising.rempving .an assenply of the cast materi al
o L O PR iaPe S e GRSt MG P e bodly
34. A stator conprising: a cast material body with a
profiled helical bore; andat |east one transducer

35.di dinesestiaton oheclaiest34ravieeleil thedy! @Bst Tore stranssiucef is in
cl aim 34 wher ei tt he | Iﬁaist ne transducer is in
c SRMIRPRIGETQHWHN the Prfiled BEl¢AHOFR: | cal bore. 36. The
stator of claim 34 wherein the at | east one transducer
is encapsul ated within the cast material body. 37. The

36.stfhecitater ofIckaim 34 witeseisi et dldleaakonendiaspesemisdggncapsulated
C&v']?‘ﬁﬁ Scal n?éEBFiBPSé{R/ alloy. 38. The stator of claim
3 ur

er conprising-a resilient material sleeve
di sposed in the profiled helical bore. 39. The stator
of _claim 34 wherein the stator is a progressive cavit

37 apphe a2FOrsPhtIRIM 89 WheEeis: Hieocagt rBatel s é’@d)(hé%ﬁpﬁisgs an
t ial body is disposed in a |ongitudinal
b%?rge gsgggg . 4 1. The stator of claim 34 wherein
the at | east one transducer conprises a

38. The stator of claim 34 further comprising a resilient material sleeve disposed

in the profiled helical bore.

39. The stator of claim 34 wherein the stator is a progressive cavity apparatus
stator.

40. The stator of claim 34 wherein the cast material body is disposed in a
longitudinal bore of a body.

41. The stator of claim 34 wherein the at least one transducer comprises a

sensor.

42. The stator of claim 34 wherein the at least one transducer extends along an
axial length of the stator.

43. The stator of claim 34 wherein the at least one transducer comprises a
plurality of transducers distributed along an axial length of the stator.
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sensor. 42. The stator of claim 34 wherein the at
| east one transducer extends along an axial |ength of

wo b@ossssbpr. 43. The stator of clai m 34 wher ei PCT/IS2088/088429

44,

45.

46.

47.

48.

| east one transducer conprises a plurality of
transducers distributed al ong an axial length of the
stator.44. The stator of claim34 wherein the at | east

0 nsducer .co es.a I|t of transducers

o e FBIRGHT e BRI RGeS 4fe, ilhg o i Bticeg comprises a

h%’ldr‘éﬁt‘x &QF&]S@Ucéﬁedéfr%tu%d i heTBﬁ RN PIheChRiBBHelical
wherein the at |east one transducer conprises a

ploorebf the sthtarr ansducers distributed in a helical path

along the profiled helical bore of the stator with at

| east one transducer per pitch |length. 46. The stator

of THd 8ididbBéf \Rmesn Wh@re‘ir’f ane H1aesst éné&?@@d@@ef BMprises a
the group consi st ISnC? @tby ressure sensor,
I§

elpbyaliydd, trawsglucgr | inga hetiprlrrath ,eéorggemoproﬂged helical
Coloke 8F i1 89 |91e5‘t%§§ftc§% %Héd&cte%erg ﬁ%%‘th of a

power “generat1 ng appara 1 ezo"e ener at or

in connunicatlon MAth t he proflled hel i cal bore a

reC|procat|n% an accel eroneter, .a shock sensor
alm

Pletgnek  WhereindRe EaNSdHICeh ismge|esHed &REbhe group
| Ecéhéu%h?‘f%t bf $$”§?éssu"f‘esgéﬁ§6’r”%ﬁr elctirotleCChY %ﬂ%gﬂeéérfsor a

uction coi an el ectronagneti c commuhi caton
ap)qempetajere serhsrmpla mﬂsaira pawer genertatlagrammnahus aamagnet of a
opt.i cal

and magnet.or he i cal nsor.
TROVET et BRPRTS oA dt g e ¢ CRRSERIGR M communication
C QU tHee Drtilé@ HeRERIC Bbi) % FPé&'BrdMa‘hHg%Urﬁﬁt b\ﬁtééHélerometer a
menber thereof extending into the profiled heli cal
bsheck sensor, a magnetometer, an inclinometer, a formation sensor, a
resistivity sensor, a seismometer, an electromagnetic induction coil, an
electromagnetic communication apparatus, a load sensor, a wire strain

sensor, an optical fiber, and a magnetorheological sensor.
The stator of claim 34 wherein the transducer comprises a reciprocating
pump with an actuation member thereof extending into the profiled helical

bore.

The stator of claim 34 wherein the at least one transducer comprises a

formation sensor disposed adjacent an external surface of the cast material

49.

50.

body.

The stator of claim 34 wherein the at least one transducer comprises a wire
strain sensor disposed along an axial length of the stator.

The stator of claim 34 wherein the at least one transducer comprises an

optical fiber disposed along an axial length of the stator.
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48. The stator of claim 34 wherein the at |east one

transducer conprises a formation sensor disposed
wa@dyoaossst7 an external surface of the cast mat ePCBIUS2008/088429

body. 49. The stator of claim34 wherein the at | east

one transducer conprises a wire strain sensor disposed

al ong an axial length of the stator. 50. The stator of

claim34 wherein the at | east one transducer conprises

an optical fiber disposed along an axial |length of the

51.5TRé fat6r &t cldie 38 i Rbintthe &t fd 48t 3theWsHRILBeF RSdMtained within

| east one transducer Is contained within a pressure

c @énpeasuareccbmpendated Hospiogalispasedrie thasastmatariahbody.
body. 52. The stator of claim 34 wherein the at | east
one transducer is contained within an atnospherically

52.STiaé ethtOodiIsdfieh 9431&?@%'1 the éth‘@aét@ﬁb thaseilcat ishsuitaingd within
The stator of claim 34 wherein the at | east one

t eAraimesehedertiyrsested hausing gisnaser ie dirigastanateriahbody.
circunferential to the profiled helical bore. 54. A
progressive cavity apparatus conprising: a stator
53.hatiengtatorf of slairn| B whesaih t¢1@na|turefaet ohengansdueee admprises an
mat erial body thereof, the first electrical conduct or
r |eﬂn%0t@¢&|&9ﬁfje?fé>ﬁf 'PQICWPH”EGF@BF'@' terthe eotded Nstical Poret or
havi ng an outer surface with a second el ectri cal
conductor ring circunferential thereto; the rotor
54. rbtmomlsgiveeiaaityledpatatm nomlpeislmgre of the stator; a

resi|ient mater ed between the
et St b o fist SR irele PREINGP] THBnE) 26 EesoMaprial body
the raidrbbenhe rfﬁéteél'eé{rlo‘é| %SMGU&QﬁplthélFtQJnﬁeFé?ﬂ%U% la/ Sore of
material therein to communi cate between the first and
t he the stator;
a rotor having an outer surface with a second electrical conductor ring
circumferential thereto;
the rotor rotatably retained within the bore of the stator;
a resilient material layer disposed between the rotor and the stator; and
an intermediate ring section of the resilient material sleeve comprising a
conductive material therein to communicate between the first and the

second electrical conductor rings.

55. A method of forming a stator with a profiled helical bore comprising:
providing a core with a profiled helical outer surface;
displacing the core within a longitudinal bore of a body;
filling a void between the profiled helical outer surface of the core and the
longitudinal bore of the body with a cast material in a fluid state;
curing the cast material;
removing the core to expose the profiled helical bore; and
disposing a resilient material sleeve within the profiled helical bore, the

resilient material sleeve having at least one transducer therein.
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second el ectrical conductor rings. 55. A nethod of

formng a stator wwth a profiled helical bore
w@oompnsseng: providing a core with a profil ed pPel/usa8/088429

outer surface; displacing the core within a

| ongi tudi nal bore of a body; filling a void between

the profiled helical outer surface of the core and the

| ongi tudi nal bore of the body with a cast nmaterial in

a fluid state; curing the cast material; renoving the

56. CRrrﬁeﬂﬁ_Sd@f%’rﬁﬁn%} hestBto? MWilhes thﬁhé(‘P ALl bBre é&%{msmg

di sposing a restlient material sleeve with _
prodvidieg ehesdsileat majeral Sﬂe&z\/erwﬁh thee profiledt kelical beresthesein;
havi n | east,. one tra ucer therejn.h6,. net h f ..
F s o TR e I Wil IoDadgigPLbBe 6% Blay
Cailipgl §ivod bBfdErdaAbRer SGithE BT t@ rEsilidnt rﬁbﬁ#ré‘? siéeve and
the profiled helical bore therein; displacingt

resi | {hanlongiiudinpklpore|afdhe bmplv MWith acastigrtenial e ?Ib@r%ate
OlaishoRftyat Ibhtt ot Andfiich, REHIERN:IRR: AMi & SR BnE!

t Ne'rési erira eeve an ongitu

beueingfthé bastradierisi.th a cast material in a fluid
state; disposing at | east one transducer in the
resilient material sleeve; and curing the cast

57. ”Rtnerétl'neg oﬁFﬂ? | cﬁ? %Eétﬁfb‘# vitth & Fdﬁlék@ helic %&Pé c¥ibRsi

prof ore conpr S|n providing a curgble
r gsovidiegta owtabia msn@InEmaiemltdheeue WEIasatt lezst onedressdaeer and

and the profi]ed. helical bare therein; displacing the
cur abp]é9 E@gﬂ fé%tcaﬁérpr@ﬁhgr €Qj eeve within a
| placify AR cheibe RisilnPashteridll dibéROwRhinoA %r@ﬂh&ﬁ%ﬂbéﬁé of a
outer surface of the curable resilient material
body;
filling a void between an outer surface of the curable resilient material
sleeve and the longitudinal bore of the body with a cast material in a
fluid state; and

curing the cast material and the curable resilient material sleeve.

58. The method of claim 57 further comprising supporting the curable resilient
material sleeve with a core having a profiled helical outer surface during at

least the curing step.

59. A stator comprising:
a cast material body;
a resilient material sleeve disposed within the cast material body and having
a profiled helical bore therein; and
at least one transducer disposed in the resilient material sleeve.

60. The stator of claim 59 wherein the at least one transducer is in

communication with the profiled helical bore.
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sl eeve and the | ongitudinal bore of the body with a

cast material in a fluid state; and curing the cast
wordoenssk7 and the curable resilient material SPEEVS2008/088429

58. The nethod of claim57 further conprising

supporting the curable resilient material sleeve with

a core having a profiled helical outer surface during

at |l east the curing step. 59. A stator conprising: a

cast material body; a resilient material sleeve

61.dTRBAISGr WridHim 59SvitREn 1Mal & leabt 896 YranadubaVisNdh@psulated

profiled helical bore therein; and at |east one

t mitngl theeresdiesp oraderialisledve.resi | i ent materi al sl eeve.
60. The stator of claimb59 wherein the at |east one
transducer is in conmmunication with the profiled

62.heTTheastattnr 6f @ldim Boe waiersiar tf cabeimufefiaMRg Botpeises an

at | east one transducer is encapsulated within the

r @101PBAYS Al®¥ri al sl eeve. 62. The stator of clai m59
wherein the cast material body conprises an anor phous
alloy. 63. The stator of claim59 wherein the stator

63.i The fayroftaines5e avhidrginatheastatarsis s ptayressivie caliey apparatus
stator of claimb59 wherein the cast material body is
diS&§85ed in a | ongitudinal bore of a body. 65. The
stator of claimb59 wherein the at | east one transducer
conpri ses a sensor.

64. The stator of claim 59 wherein the cast material body is disposed in a

longitudinal bore of a body.

65. The stator of claim 59 wherein the at least one transducer comprises a

sensor.

66. The stator of claim 59 wherein the at least one transducer extends along an
axial length of the stator.

67. The stator of claim 59 wherein the at least one transducer comprises a
plurality of transducers distributed along an axial length of the stator.

68. The stator of claim 59 wherein the at least one transducer comprises a
plurality of transducers distributed in a helical path along the profiled helical
bore of the stator.

69. The stator of claim 59 wherein the at least one transducer comprises a
plurality of transducers distributed in a helical path along the profiled helical

bore of the stator with at least one transducer per pitch length.

70. A progressive cavity apparatus comprising:
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66. The stator of claimb59 wherein the at | east one
transducer extends along an axial length of the

wababosss2b67. The stator of claimb59 wherei n t hPCBAS2008/088429
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| east one transducer conprises a plurality of
transducers distributed al ong an axial length of the
stator. 68. The stator of claim59 wherein the at

| t i lity of
{ Pl D eb e a3 el Btohat h” al ong ¢ he
praorfe'shi%gt H%'téﬁeﬁ'slé&%edi%cl)éébebét%bﬁfthe 6&tor B8 tRé atdbr; @hd

claim wherein the at | east one transducer conprises
a apleashloneyrasisducandidpesecindhstresibentovatatiahsieeve cal
path along the profiled helical bore of the stator
with at | east one transducer per pitch length. 70. A

PrRUNEFRIAV Bf Cf@r\r‘ﬁih% AnRalishtsnAeFBI 5REN: 6f Bobgressive cavity

rotatably retained within a bore of a stator; a
r @PPRraKs, thetreethgrd conaN@li sposed between the rotor
, : at | . di
o o34 B8l A0 Brek S, 0851 bR EISRSH AR Ffre and

a resalprefiedmeliesli altess@ease;of a progressive cavity
aratus, the nethod conprising: a sl eeve

appar : ] ge_providi,n%é _
ol thgi thg eavegmald Wi siresfienioma rtﬂ‘dj’fﬁlfﬂ_é'ﬂj HelSical bore
SRS e a R PR e Ffo e LS Rnc ot ahg®

stcating tde spsiiemgmateria agtforoméhée resisehicentdrial slacve with the at
resiljient materigl: and curjng the resilient materi al
Lo t oladst pBe rabstter tedesid B ceve wi t bt ho- at

| east one transducer disposed therein.
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