H GH TEMPERATURE PROGRESSI VE CAVI TY MOTOR OR PUMP COVPONENT AND METHOD OF
FABRI CATI ON BACKGROUND OF THE I NVENTION Field of the Invention The present
i nvent i orwoeb@imss4750 t he manuf acture and use of hi gh t erpenBtoos/eo37ii

progressive cavity notor or punp conponents; and nore specifically, to the

manuf act ure r ~.stators qr ro s providing a

pol yneric su?ﬂ&ég?ﬁy&t ia Eagécg(g .§Sﬁvgr{9{\‘é%@tﬁgé @%t'%é&ﬂ:l 50 C and
180 Cto permt a h&r@ (QN [T AY b,JﬁpDé%EIFiA@R'W@}B\bration, and remain
solid at | ower tenperatures. Related Art There are nunmerous attenpts at
coati ng t BAGKERAXENDBOR Thtbo N ésNiTI@Ncavi ty not or conponents, both stators
and rotors, with polyners. So are as known to applicants, no attenpt has
been madeFigd batid ipgkertieh surface on either of these conponents with a high
glass transition tenperature polynmer or blend of polynmers to permt

resiliency of tRg SisbAf GnitibnatelRS! & thE heABRLRIET &5 Jgéeo@prﬁ%ﬁ‘“ ng

efficiency of a progressive cavity notor requires that at |east onhe surface
t

of the no ffici . TN tQ r t .agaj nst fhe
nydr au § o GPREBITE SrouRESVE PaTRLRRlor: R oBRRB: REMboRBRs: T Stk “or ¢ e
description contained herein relates to sfators fabricated with hi gh
gl ass traﬁ@‘??'ﬁ?ﬁ{'ypéq’ 3?1%:”,‘”{ RCHHER, 8BH LISgnd B@g% OF PUDRFIBIRR O BIATR at i on
can be realized by fabricating a rotor with a high glass transition pol ymer
and t he cPEMEN@dPaysEricplurtaceskavinga glags tensitonetemperatiseg bedweever bot h
stators and rotors, unless specifically limted to one or the other.

10  50°C and 180°C to permit a hard polymer to become resilient in operation,

and remain solid at lower temperatures.
Related Art
There are numerous attempts at coating the surface of a progressive
cavity motor components, both stators and rotors, with polymers. So are as
15 known to applicants, no attempt has been made to fabricate a surface on
either of these components with a high glass transition temperature polymer
or blend of polymers to permit resiliency of the surface only at operating
temperatures. The operating efficiency of a progressive cavity motor requires
that at least one surface of the motor be sufficiently resilient to repeatedly seal
20 against the hydraulic pressure of the fluid moving through the motor. While
most of the description contained herein relates to stators fabricated with a
high glass transition polymer, the reasons and benefits from such fabrication
can be realized by fabricating a rotor with a high glass transition polymer and
the claims and description set forth herein are intended to cover both stators
25 and rotors, unless specifically limited to one or the other.

SUMMARY OF THE INVENTION



SUMMVARY COF THE | NVENTI ONA progressive cavity drive conponent, which can
either be a rotor or a stator, is nmade up of a conponent core; and, a

pol yrer i cweundszses7af f i xed on said core to engage a conplpemaR2088/903711
progressive cavity drive conponent, said polyneric surface having a gl ass
transition tenperature. at Iea\ﬁs 20 Cbe pl anned ogeﬁrnatln erature
range for sai dAprOGFrESSH&AYATVP 6‘?’?‘9@” &'@h?an?ﬁg bPBGr " %rl edcavity
drive conponent core can be a rotor body and t he conplenenta progressive
cavity dr Bladore éhrpraeenup @A seMAoBenit eare; ant ea malyruerniy surfaee @fitpdeari ve
cavity drive conponent core can be a stator body and the conpl enentary
progr essi seidceoret 10 dngage @ opmpaThentana pragressivé heaviy adynves somponant, ty dri ve
conponents, either stator or rotor, provides a surface on which a polyner

sel ect ed EanpelyaiePiePs erpats BaliA §Sg$@5§§ trahkiioRf tenfR@Aturs efileast Rot@i m des,
pol yet heri m des, polyetheretherketones, polyketones, phenolic resins,

polysud f OB@%\I\P% p%déﬁf@éfhﬁﬁ@téi’lb%ﬂaﬂ% rah er éé;& r?@rlaes.ra Q:%K/ Bhiye cavity

drive conponen I ment can pr avi n uni form
cross-sectjonal thél% ess._on Ac} core surface i s heli c |1y LLobed in
cr oss- secPPBRONAN .‘?a‘?rP%‘ﬁ?'VGt‘ﬁPeV'% b egom%neem%capn?ea ﬁﬂg}‘.t agai n
either stator or rotor, can be fabricated wherein the poly IS hellcally

| obed i n BRBJBE SORRIBMEPRATY MEOGEBEIVEFAY LI UGhEQRPLRPR %anba@estaéw be of
any regul ar geonetric cross-section, e.g. round, oblong, hexagonal,

pent agonahltemiadvelyhéhe grrognessixef tadly dive lmomparient oné mepr@gﬁe@si ve
cavity drive conponent has a glass transition tenperature of between 50 C
and 180C. bédgiandothel tomplehtertaggprgsessive guvity devée \conqmonennésta by mer

surface can be

10  The progressive cavity drive components, either stator or rotor, provides a
surface on which a polymer selected from a group consisting essentially of:
epoxy resins, polyimides, polyetherimides, polyetheretherketones,
polyketones, phenolic resins, polysulfones or polyphenylene sulfides, is
affixed.

15 The progressive cavity drive component of this embodiment can
provide a polymer having uniform cross-sectional thickness on which the core
surface is helically lobed in cross-section. Alternatively, the progressive cavity
drive component, again either stator or rotor, can be fabricated wherein the
polymer is helically lobed in cross-section on the core surface, which core

20 surface can be of any regular geometric cross-section, e.g. round, oblong,
hexagonal, pentagonal, etc.

The polymer affixed to the surface of the progressive cavity drive
component has a glass transition temperature of between 50°C and 180°C.

Additionally, the progressive cavity drive component polymer surface can be

25 formed with a creep-resistant semi-crystalline polymer.



formed with a creep-resistant sem -crystalline polyner. The progressive
cavity drive conponent can provide a polyner conposite matrix reinforced by
mat er i al sweeb@wsedsessentially froma group including graphBioesdsisker s,
silicon nitride whiskers, alum num oxi de whi skers, silicon car bi de

whi skers, al unmi_pum oxi de fibers am d fibers carbon fibers | ass
T here horon TTBeP@ArESsEraRly HE ROPRACTL; 61 OTMEe ol YRR vi T ¢,

tungsten wire, nanosilica particles, nanocarbon tubes or nanocarbon fibers.
The t er m GAMSREKE |rﬁahl§er@lﬂf@r®§|sby|rbétei7lél|€yse|l$pteds Easgrdiafly yf&aral @ ared® have
extrenely large length-to-diameter ratios. As a consequence of their small
si ze, theinchalimg grapditetwiviskgrshsijbonl egrieée whiiskery,sdlaminure opeatef whiskers, and ar e
substantially flaw free, accounting for their exceptional strength. The

fibers ar giligeh Yarnigé alHiskes ObluATRL PheX8e dibérd) araridibergli amBd e fiberd i ne
wires have |ong been used as reinforcing materials in polyners and are wel |

Known 4 n ygﬁsfrﬁbers-r h ordh O &3S Y R ok Aar Phﬁle Wf]bé(% SERORFE! Gt e

covered b ayer a second materia Ich’can be eithef an el astomer

to provide.a ealn agenent. with.the co drive conponent

bef br 6t &t QN SIEN A8 Fg M B ARP LSS BTRRANER. (OPs ro eREEBE e

af fi xed pal yner_ | ayer covered by the second | ayer. The outer |ayer of the
second matie¢isal The r@ewg@k%rc@é@eﬂrterﬂeﬁﬁ@b%jwﬁ%t &%‘QQ@?"M@M@W@I 8¥%ners, or
ot her polyners have glass transition tenperatures differing fromthe base
covered | aylsemely [pogg nengthApmliaratarsratiner e ree cdnsrusnee0fpihedr evsllive
cavity notor stator conprising a stator body having a | ongitudinal bore

provi di ngsias, itheerhaver baasativeng, high pdBgyser ofc clyaiatiind) rdfedtion drite ar@ner
surface of the stator body, said polymeric |ayer conposed of a polymer

B?‘éi/lng(l) ﬁgg%@sﬁcgln%l%%\‘%g? grf@? bé‘éﬂ%ﬁﬁlﬁb%ﬁth‘éﬁr SRRl X gt dreBfibrs 2iné
polycrystalline or amorphous and have small diameters. Fine wires have long
been used as reinforcing materials in polymers and are well known in this art.

The progressive cavity drive component can also be covered by an

layer of a second material, which can be either an elastomer to provide a

15 sealing engagement with the complementary drive component before the high
operating temperatures are reached or to protect the affixed polymer layer
covered by the second layer. The outer layer of the second material can be
selected from the group consisting of elastomers, or other polymers have
glass transition temperatures differing from the base covered layer of polymer.

20 Applicants therefore disclose a progressive cavity motor stator
comprising a stator body having a longitudinal bore providing an inner
surface; and, a polymeric layer bonded on the inner surface of the stator
body, said polymeric layer composed of a polymer having a glass transition

temperature of between 50°C and 180°C and providing a helical profile to

25  compressively mate with a progressive cavity rotor at operating temperatures



conpressively mate with a progressive cavity rotor at operating

t enper at uresabove such glass transition tenperature. This progressive
cavity novorostmr4s can have an inner surface of the staconBlosiyodrti ch
provides a circular crosssection, and the polyneric |ayer attached to the

inner surface of the stator thereb rovigding a helically-|obed

o 09s- S6CAPOYE SHC BPSSAHUTIURIT TRy, IS OGrRRNE GOt MOHRE 5786+ essi ve
cavity notor stator can alternatively have an inner surface of the stator
body whi chapheVedssinaensiifaeg of the staderchodinwhith prevides § esculer CE3&sr bonded
to said inner surface which is uniformin thickness. Additionally, a

progr essi sectoavidnd the polynwdrar laysr ditteched éd thai inher sudacgraf dbd stétoa r ot or
body having an outer surface; and, a polyneric |ayer bonded on the outer

surface othdréy bﬂi\ﬁdip?%db(elic%ﬁjfﬂbﬂéﬂ yrBs isectioy &1 tk@l@ﬁ%ﬁ@éﬂn@ﬁ barelstlthger
having a glass transition tenperature of between 50 C and 180 C and

provi di ngsediebb i blddrobOvE WRIFIALKE! SaBF BribidmatvieResks  a0e of

a progressive ca operating tenperatures above’ such gl ass

transition te ratuce. i he, progr essi v avjty notaor. _rotaqr, can

br ovi de. ¢ Roebapance i fie S9Fir body FaBhPRERES ARARY! crosSirention aaf10€  oped
crosssection, and the polyneric |ayer is attached to the outer surface of

t he rot or PRYBATE layerbondad:to §ajd insise SUEPeR whigt is; Whiorm) ipdhigkRessel v, t he
progressive cavity notor stator can be fabricated with the outer surface of
t he rotor bodyAddiionglly aepiogaessive aawdy onokas- kier i disahesachavidh yisrer i ¢

| ayer bonded to said outer surface is uniformin thickness. Applicants

di scl ose eometibed aifa fraforislyi hgviag paroouesSsweac\dridy apblymericatayer
conprising centralizing a helical nmandrel having an outer surface snaller

in di piret gpnddRBnithe ButdMRIrfaRBIdfaRE rétor BobiPsHid Wlyraéri®Riy8r 8bmposedt or body
| eavi ng a space between said inner surface of the 'stator "body; filing said
of a polymer having a glass transition temperature of between 50°C and
180°C and providing a helical profile to compressively mate with an inner
surface of a progressive cavity stator at operating temperatures above such
glass transition temperature. Again, the progressive cavity motor rotor can
15  provide the outer surface of the rotor body having a non-helically-lobed cross-
section, and the polymeric layer is attached to the outer surface of the rotor
providing a helically-lobed cross-section. Alternatively, the progressive cavity
motor stator can be fabricated with the outer surface of the rotor body having
a helically-lobed cross-section and the polymeric layer bonded to said outer
20  surface is uniform in thickness.
Applicants disclose a method of fabricating a progressive cavity motor
stator comprising centralizing a helical mandrel having an outer surface
smaller in diameter than then inner surface of a longitudinal bore of a stator

body leaving a space between said inner surface of the stator body; filing said

25  space between the outer surface of said helical mandrel and the inner surface



space between the outer surface of said helical mandrel and the inner
surfaceof the |longitudinal bore of the stator body with a polyner having a
gl ass tr awei20évs7476nper at ure of between 50 C and 180 C; pafrfiB2008/go3ttie
polymer to the inner surface of the |ongitudinal bore of the stator body;
and, renoyj t he drel fromthe stator ._This method can be
practiced® ?rr‘\g'{m HoPYReP! YieStatgr Mody W&é %&9&6“%&\%@9 ?h%'aéﬁt er
surface of the mandrel and the inner surface of the stator body is a high

gl ass tralfgnsition tewppeatateefbetwesnia C ansl 180°%:; affiingdite pelymardedhe and

resilient at tenperatures at | east 20C beyond its glass transition
t enper at uimner Buefakcarafntgsloogittidiralpbbraref the statdabedwyt amddbreambvihg riper at ur es
can be adjusted by the choice of appropriate polyners and adm xtures, all

in a mannafangedll frsrowme ts@atbh(bw%/swué edlethBdt deh MRt BFdcliced avherefiahd, the
met hod of manufacture of this stator requires selection of a polyner froma

group %gpém %é%sﬁnﬁﬂ fﬂe' %pé’ée teagf\%%%e h%sbl%r sBRL¥e BrdRe m;ﬁﬁr}éﬁéﬁé’“ m des,

pol yet et ones, et on I'C resins, polys one

pol yphenyl,.ene_sul fi cho n .appr.o teI ssllnked olyner

POl YRRy Eg ! ik, B UL PARRAGRY, SPR RIS G Pl AR Bl
sem -crystalline polynmer The nethod of nanufacture can al so provide the
sel ect i on"sHteralpgpPldrat W@BEFW%WPWP%T%"W@ tﬁmﬁ%@@ﬁ‘%?& lagstect ed
essentially froma group including graphite whiskers, silicon nitride

whi sker s, 281@iexand olsi glasswiansities tewiperatore. c Aheindedngsssidethe, palyretioum oxi de
fibers, aramd fibers, carbon fibers, E-glass fibers, boron fibers, silicon

car bi de f ghdsice ashedientitérdpermisdsdemube wdjusted bpdsé ehoisk lof apperoPiité i ca
particl es, nanocarbon tubes or nanocarbon fibers. The definitions of

whi skeg s Eé@/n@yhr%e%rhb@%sa%ﬂ‘ﬁ -al Rfanel Wasl Rhowm Y ftRES4/sRillEANN fte t her
provi de the additional steps of
materials art.

Again, the method of manufacture of this stator requires selection of a
polymer from a group consisting essentially of: epoxy resins, polyimides,
polyetherimides, polyetheretherketones, polyketones, phenolic resins,

15  polysulfone, or polyphenylene sulfide. By choosing an appropriately cross-
linked polymer, this method also claim the method wherein the polymer is a
creep-resistant semi-crystalline polymer.

The method of manufacture can also provide the selection of a polymer
composite matrix reinforced by materials selected essentially from a group

20  including graphite whiskers, silicon nitride whiskers, aluminum oxide whiskers,
silicon carbide whiskers, aluminum oxide fibers, aramid fibers, carbon fibers,
E-glass fibers, boron fibers, silicon carbide fibers, steel wire, molybdenum

wire, tungsten wire, nanosilica particles, nanocarbon tubes or nanocarbon

fibers. The definitions of whiskers has been described above.



covering the mandrel with a rel easing agent to permt renoval of the
mandrel w thout danage to the surface of the cured polyner; and, coating

t he i nt erwonoeunsferse of the stator body with a bondi ng agenB2gosrriengt hen
t he bond between the core stator body and the applied polynmer. A nethod of

fabricating a progressive cavify notor rotor is . also described, conprising
contrari 21 oo i B8 TGS Badv et cam b RhehArGHife e G EERACSEPE AT

di ameter than an inner surface of a |longitudinal bore of a nold |eaving a
space bet @gReefinghthenmandeglwitice releasing agand taupgrmi semevet otihieemanees

surface; filing said space between the outer surface of said rotor core and

t he i nner withotiladamafgettbehesudane tdf tlae patgdrpolyheer] agd acadtagstheriatesiori on
tenperature of between 50 C and 180 C; affixing the polyner to the outer

surface obutiee 'o?tle SBIE: bOEYDNItNT tithditd Gigeht ai *stfﬁ@wdg'fﬁéﬁ;thénﬁond'i nserting
the rotor core in the |longitudinal bore of a stator body. This nethod can

furthes pEgNIls, #B%orb REBRbYAPENYHFabAIdd bhyhiee space betueen the out er

surface o e rotor core and e inner surface of the nold is a high glass
transition tenperature splid.at. ambient tenperature and resili.ent at
Lenperat ures ab Matpd 8 BRI e PEPuesSVra T sRoPL it dsdng i s
selected froma group conprising of one or nore of the follow ng polyners:
epoxy resARECTIBE yGAMRIEING (FeNYelIEHBE einhar el Fe EO1ODH SPY&K ey anpRles| i ¢
resins, polysulfone, or, polyphenylene sulfide. . This nethod can al so
provi de aspdagarsmaiir dhdiasneteoshan ankisdemadrface péfdpsgiudinaleponeesii a3t ant

sem -crystalline polyner. Simlar to the clainms directed to the stator,

thi s nmet hatld fsavirgy alspacedetweet axiinieerasyrfdcgnafrthe engld sridetheerbtorcorei nf or ced

by materials selected essentially froma groupi ncl udi ng graphite whiskers,
silicopn nplifdrd@iridlbs kRis sar SPACH BRI baIER 'stirface of said rotor core
and the inner surface of the mold with a polymer having a glass transition
temperature of between 50°C and 180°C; affixing the polymer to the outer
surface of the rotor core; removing the rotor from the mold; and, inserting the
rotor core in the longitudinal bore of a stator body.

15 This method can further provide that the polymer used to fill the space
between the outer surface of the rotor core and the inner surface of the mold
is a high glass transition temperature solid at ambient temperature and
resilient at temperatures at least 20°C beyond its glass transition temperature
and is selected from a group comprising of one or more of the following

20 polymers: epoxy resins, polyimides, polyetheretherketones, polyketones,
phenolic resins, polysulfone, or, polyphenylene sulfide. .

This method can also provide a polymer which is cross-linked and
therefore a creep-resistant semi-crystalline polymer. Similar to the claims

directed to the stator, this method can be altered to provide a polymer

25 composite matrix reinforced by materials selected essentially from a group



silicon carbide whiskers, alum numoxide fibers, aramd fibers, carbon
fibers, E-glass fibers, boron fibers, silicon carbide fibers, steel wre,
nol ybdenuwownesg747angst en wire, nanosilica particles, nacoapzdogmo3vubes or
nanocar bon fibers, as described above. Further, and additionally, the

met hod can provide the addjtional st of cqveri the interior surface of
the mol d (G0 DEARIIS: WS keisnbiicen BRFHS WHRkeso <A IpYnUmEXdR HhiskeRe. and
pol ymer w t hout damage to the surface of the cured polyner, or the

addi t i onaPpilisr gagtide ydtiskayst AbiMinu@r 0xde ffikees, Arammi@ fibgtorcagkeer fietsh a
bondi ng agent, or both as required by the polynmer being used to formthe

surface ok-glbss rfivecs,. b@BhEfbEESCHRICBM| cabide TibErsi-ISRERESir€] gnolybdenam
perspective drawi ng of a stator body of a progressive cavity notor with a

cross sechiired tohgdtBe WREY nafosiica PRGBS, Aghdseboh TLBES W nfhdcarBohsS @
cross section drawing of a stator body of a progressive cavity notor. Fig.

3 is a;detgi) egs%reggﬁbédaﬁ beal drawing of a stator body having a circular
interior surfséce and a polyneric helically shaped interior lining. Fig. 3A

is an alternative detailed.cross-sectiqgnal draw ng of a stator body having
2 hel i cal Ty <nBHEREE e FHIQ TN T8 el it PHiTe e AeRBh R siRY Fro. "5
is a schemati ¢ di agram of a DSC gfr aph showi ng a rel evant range of gl ass
transiti oROYRHSetRA iEEOF SKace Qletite MPSIWiter2 relpgsing ageni “eRefati c
di agram of a TMA graph showing a rel evant range of glass transition
t enper at uremgovarofathe glotart eate pyid, pelynrErguitiut damagado tee spdece ot thé ew of a
rotor covered with a high tenperature polyner.
cured polymer, or the additional step of coating the outer surface of the rotor
10  core with a bonding agent, or both as required by the polymer being used to
form the surface on the rotor.
BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 is a perspective drawing of a stator body of a progressive cavity
motor with a cross section of the body, and a polymer helical interior.
15 Fig. 2 is a cross section drawing of a stator body of a progressive
cavity motor.
Fig. 3 is a detailed cross-sectional drawing of a stator body having a
circular interior surface and a polymeric helically shaped interior lining.
Fig. 3A is an alternative detailed cross-sectional drawing of a stator
20  body having a helically shaped interior surface and a uniform polymeric lining.
Fig. 4 is a schematic diagram of a DSC graph showing a relevant
range of glass transition temperatures for a selected polymer.

Fig. 5 is a schematic diagram of a TMA graph showing a relevant

range of glass transition temperatures for a selected polymer.



Fig. 7 is a cross-sectional view of another enbodi ment of a rotor covered
with a high tenperature polynmer. DETAILED DESCRIPTION Fig. 1 is a

per spect iwe 20095087479 of the high tenperature stator 20 ofCrhB2008/e®entt
invention with a cross-sectional view of the stator body 10, showi ng a high

t enperat ure polLyner coatin prow di n heI|c rooves 4 1 through the
| ongi t udi nal ngs 0SofNt SPesv Y'ﬁi"’op %@to_[oc‘?:‘fﬁ‘ie% eVilor %33 Brom an

appropriate steel tube or ot her proper material well known in the

progr essi {&Meerafurg RArBer-f abri cation i ndustry and be cut to provide the
final outer dianeter and length desired for the stator assenbly. A bonding
agent, such asFug.thastalcross-aectionali Vieandf HaBtI8EemBoldboent 884 Boto€henosi |
2 11/, Chenosil 360 , Chenosil NL41 1 with or without 2 11, Chenosil 5 12,

Chem ok 2@5\0&354,\,“@@@@9@5& #1768 polanéroner interlayer TPU, is then spread
0

over the internal surface f the stator 20 to affix the high tenperature

pol ymes opHSAIPEep Bgs@%b"ﬁbﬁt ator. In other cases, such a bondi ng agent
wi |l not be required because the pol yner bonds readlly to the surface. For

vl | knbun L o” ElbaesiaBETecRt btahuh ot e riani B S BlPAor Re i e or *' ©

materials used for the fabrication of these tools. Such bond| ng. agents can
be e|therpéﬁsﬁnh{ﬂV@nB?né(‘"%@thQSISaW'OBQhH'?WgOHQSrﬁtatPH b&é&dﬂdéhe\é"r\ﬂ@h t he
final production requirenents of the polynmer, and the choice of such

mat er i al shight tesograiwrel pdyoen coatingayeviding hekical rgrosves 4Ai throbgh dependent
upon the choice ofselection of materials for the stator 20 and the pol yner
30 sel ect prhgitadinel bri3d40! of ahé Hwdyt $0.0rStafdritaberiotanbesforfrecelr@a. afNext a

mandrel (not shown) is centrally disposed within the steel stator
10  appropriate steel tube or other proper material well known in the progressive
cavity motor fabrication industry and be cut to provide the final outer diameter
and length desired for the stator assembly. A bonding agent, such as without
limitation Cilbond 12E/80E, Cilbond 33A/B, Chemosil 211/, Chemosil 360,
Chemosil NL411 with or without 211, Chemosil 512, Chemlok 207/6254,
15 Chemlok 205/220, Sartomer interlayer TPU, is then spread over the internal
surface 22 of the stator 20 to affix the high temperature polymer or composite
to the stator. In other cases, such a bonding agent will not be required
because the polymer bonds readily to the surface. For example, epoxy resins
bond readily to steel. These production decisions are well known to those in
20 this art and can be made based upon the choice of materials used for the
fabrication of these tools. Such bonding agents can be either a single or a
multi-layer bonding agent in accordance with the final production

requirements of the polymer, and the choice of such materials—although well

known to those in this industry—will be dependent upon the choice of



body 10. This mandrel provides the final helical profile and di nension of
the stator and is generally nmade of steel or other appropriate material and
covered woho@/asel7ease agent, which are simlarly well PooaB20osodiiis art .
The mandrel's geonetry shapes the inner profile as the polynmer is being

fabricated;, hence the mandrel ! s geonefry er al Wi ngt be the sane as
the cavi ¢ SISREPIOT TGN B biso SotmTa2DIRtEde Polaspl Sected, ol fr ance.
t he design of the mandrel will provide for shrinkage during cure of the
pol yner, beoded imitiengjatasr20ripterionenrffagg@@nsi on ef fects when cooling the
pol yner and the stator tube 10 during the manufacturing process (i.e.,

"nmol di ng" of t Nexpalpamdre! (rfedisbase ) &yeantsallyadispesed witkin thergbeelastgtor el ease
agents such as DuPont TraSys 423 or DuPont TraSys 307, both of which should

be reappl bgdy a0er vhisirEndef praviday tHenthal Helipgr prefiRNANd elirféssioadFnhe such as
PTFE from Fl uorocarbon, or Apticote 460M from Poeton. The mandrel works to

provi a I d rel e . S O i U D] t he
bondiﬂg o? trgaggl%h@%hggm?hgkﬁghgféﬁéghP?ggggrE&ﬁﬁgg%i?hgmg édsb gscribed
herein are fam |iar to, persons hayi. ordinary skill in .this art—and should
ot - equt Fevatar Wl ecBifeseve pidRal SrIREY BShkpol ihdhi 3 TRE he
present invention. Next, the void between the inner surface 22, which may
al so be bBINCRY SagtaAMebatEPRes Haedeaer J?rofilee as 4b8r PRYRE 208 hRING he
exterior rel ease-agent coated surface of the mandrel is filled with the

sel ect ed fadiricatad; hemneei the. m@hdrel'pajsareetry geneesllyavillczot belklee same &orns. For
exanpl e, manypol yners are nade avail able for such applications in |iquid,
paste, potetavty gsisuihar sthtornorice thenpeekesons iconpldtbe. For instdiiee, apgr opri at e

handl i ng of the polyner and the curing technique my be material specific,
but ald apesiyRWfAhe mandrel will provide for shrinkage during cure of the polymer,
crosslinking, or for thermal expansion effects when cooling the polymer and
the stator tube 10 during the manufacturing process (i.e., “molding” of the
polymer). Release agents can be either temporary release agents such as
DuPont TraSys 423 or DuPont TraSys 307, both of which should be re-
15 applied every time before molding; or permanent release agent such as
PTFE from Fluorocarbon, or Apticote 460M from Poeton. The mandrel works
to provide a male mold core and the release agent prevents or inhibits the
bonding of the polymer to the mandrel surface. Each of the steps described
herein are familiar to persons having ordinary skill in this art and should not
20  require further explanation to enable such a person to practice the present
invention.
Next, the void between the inner surface 22, which may also be
bonding-agent coated if needed, of the stator body 20 and the exterior

release-agent coated surface of the mandrel is filled with the selected polymer

25 material. This polymeric material can take many forms. For example, many



to be within the current know edge of a person of ordinary skill in the
art. For exanple, injection nolding (for thernoplastic polyners) , casting
fromligquwo 28e9%8e476f or t her nosetting pol yners), gravityPCeaszoogposponder
conpaction and heat curing, are all well known to those having ordinary

skill inthjs fabrication art. Hgh te rat.ure.pol ymers and conposite
whi ch i gREVEETE AR TTaeS Auaiat's f sHeToRpD ieators ik Joids PRsE. peRGIERAes.
pol yet heri m des, pol yet herketones, pol yetheretherketones (PEEK),

pol yket on8ENUidiefsM orr B¥eqion iné yiBelfPeme (Pswarpropdatephangingnef duefi de
(PPS) and simlar materials are believed to be critical to effective

oper at i onpblyotexraanct thei airingsteotinighe ncayrpé enatdriak spemificl ®ut all red yhaygb
cross-linked or sem -crystalline polynmers to |limt creep during operation

of the pragpesthie ticlirinMiWled§adt SPersbfl dTertimiaey skiflenendiafg Fop how t he
polymeric material is cured, in selecting either the stator body's materi al

or the: cupl ; | t ; Si or body
and nasndré%(éﬁﬁﬁ’ ﬁ@%té ﬁ%n %@laﬁ] g?%ﬁ:@@ganﬁﬁggoel%%@f’f g%tﬂgnﬁgﬁeﬁ%al shape
of the inngr ofile Furthernore, .the difference in coefficients of

Cher el expin g hpEnordihg FTHoR e Al ERETE ROPSSRIRSHERARS s a
property that permts the polynmer surface to selectively engage the outer
surface ofeghedning &re @y W%flﬁﬁ‘%n &9 thesehmVving osfinary $iihp! thig ?9@{”0?%” pol ynmer
has reached passed its glass transition tenperature T . Simlarly, if the
surface i grtf dttighdamperathre pelyomareransiuedrapesitsf whigh mightibe esedhwithdutl | y
descri bed bel ow, care should be taken to select a polynmer have the proper

gl ass trahmithiion) bemepoay esinanpotieiddssi miyethétitmidesnl patygthotietondsy | oosel y
fit the stator at anbient tenperature, yet seal the progressive cavity

oA H 1% PITRMESAaNeS (), PORLNRRS! S pd AP R S ne
(PSU) , polyphenylene sulfide (PPS) and similar materials are believed to be
critical to effective operational characteristics of the completed stator 10 to
rely upon cross-linked or semi-crystalline polymers to limit creep during
operation of the progressive cavity motor.

15 Care should be taken, depending on how the polymeric material is
cured, in selecting either the stator body’s material or the curing process,
since the thermal heat expansion of the stator body and mandrel during the
curing process can have an effect on the final shape of the inner profile.
Furthermore, the difference in coefficients of thermal expansion between the

20 polymer and the stator body’s material is a property that permits the polymer
surface to selectively engage the outer surface of the rotor to form an efficient
motor or pump, after the polymer has reached passed its glass transition
temperature Tyg. Similarly, if the surface is fabricated on the outer surface of

the rotor, as more fully described below, care should be taken to select a

25 polymer have the proper glass transition temperature and coefficient of
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gas wells having operating tenperatures between 70 C and 230 C, suggesting
a high glass transition tenperature polynmer of between 50 C and 180 C.
Next, thewpabygomsri7’s coating or lining is cured after in®eriaBms/Hi37tihe voi d
bet ween the mandrel and the outer body 20 of the stator 10 to inpart the

permanent helical profile to the jnternal, surface of the stafor 10. Such
uring CaliBBaEEaRPs IEPBs A0S sAtPhgt STRIETL e BReGTE: YEbarald e n a
nolten state by appropriate cooling for thernoplastics. Any form of

el ect r onngrREreesiyadiayity oRo®aroheuUMPeduing APERRIaM B dhe Expectase highgh ener gy
frequenci es beyond the ultraviolet, as required to cure the polyner or

conposi t eterhpsraturesr $ihce tpempresent drobodiremli® expetiedviooserviceuwril agd of t he
nost conmmon epoxy conpounds i s acconplished at 300-325 nm wavel ength, while

epoxysi | 0§a@eWen§qmamﬂghbgb%tir@nquemdjre’giwwegw 79° acwaRl | 23eCh of |ess
than 255 nm The stator 10 manufactured in this manner can be used wth

oot 1 oRpao gl B B S e e A B e T B0 58 ppr

and the p %nﬁr (typically a fewtinmes |larger than those of steel), the

i nt er nal g fi’re of the stator 10 can be designed to provide a | oose fit
between the stator and rotor at anbient or |ow tenperatures, conpared to
the operating Ne¥bdhaaenenpepalinepatining is SHpRG attar Bserin BcheeRld, t he
pol yneric coating will expand nore than stator body 20, leading to an
expansi onbetweaedre thgonansirelagindlithg duiemibady r2G be the stator g0ofa Inepart Hiee eby
tightening the fit betweenthe rotor 50 (shown schematically in Fig. 2) and
t he st at opedfandvitrresdicar profite wpicaintergal surfeeadiuthesstatopel0. eBaetd curingi | and

gas wells, the high glass transition tenperature polynmer becones resilient
becaus® | EagRSasdyrAMEMeltSy heat curing, radiation or if poured in a molten state
by appropriate cooling for thermoplastics. Any form of electromagnetic
radiation can be used from the infrared to the high energy frequencies beyond
the ultraviolet, as required to cure the polymer or composite chosen for this
purpose. For example, ultraviolet curing of the most common epoxy
15  compounds is accomplished at 300-325 nm wavelength, while epoxysiloxanes
require higher energy radiation having a wave length of less than 255 nm.

The stator 10 manufactured in this manner can be used with
conventional rotors. Because of the difference in thermal expansion
coefficients between the steel tube 20 (typically between 15 to 20 ppm/°C)

20 and the polymer (typically a few times larger than those of steel), the internal
profile of the stator 10 can be designed to provide a loose fit between the
stator and rotor at ambient or low temperatures, compared to the operating
temperature. When operating temperatures are achieved, the polymeric

coating will expand more than stator body 20, leading to an expansion of the

25 polymer axially inward in the stator profile, thereby tightening the fit between

11



gl ass transition zone and thus provides the right nmechanical properties to
seal the cavities of the progressive cavity notor. The fit between the

rot or andwoheossai7’er at anbi ent tenperature is | oose an@#crhB2mwsimdacies of
each do not engage. Wen raised to operating tenperature, the difference in
t hermal expansion coefficients w |l . develqp t interference, hence making
the syst eeaRR" BRrRRea chgatehly ishBit el Sl Mateolsnet, "and
the rotor becones greater at operating tenperatures because at this

t enper at upperating tangperabirper exnarensedyitepili ancitgase wells, dheskighrglasst i on
tenperature (hence it is in its rubbery state), resulting in a highly

ef fi ci ent trpnsijoedemperatara pylynwardrecohiescaasilleat beaduse itrgomasgiirawgh tthat t hi s
t echnol ogy, although intended for use in oil and gas progressive cavity

not or dri flds8ararReiont ZomeSandriushisroerieBtied rigat RdthasiRal poplertsstodriie t he
operating tenperature of the materials being punped are within the rubber

pl at eay thf% g%\]/it $ile MOGRERNd %i@trﬁ?@r iT’P?e?ﬁtitSHtwéHﬁftﬁtg?oto‘r]“aEBQHé

departing T1 e spirit-or purpose of this'invention. Furthernore, this
ol o9 DO b SEobard % APEAMA Sl E Sk BReE U 8GR0 B

designed | oose fit between the stator 10 and rotor 50 has the added benefit
of maki ngePeRO¢ n¥EIaN srised OnereRiBE Bnperefwe. the ditfatescepinotiermait
anbi ent tenperatures easy and efficient. If the fit is tight, the rotor 50
can stil | ekeansigecoeficlents wilstexeloméhe mpteranae eharfcet makigahersysten o
approximate the glass transition tenperature of the stator's pol yner

30. Fi g. 2wiosk & ‘effichsrsthyse (heo ipleratirgyv selal doetivear tHd, statost aed  thebeotopdy 20
having an interior surface 22 substantially circular. Stator body 20

010" PHADES it ORI Chidaues et agBtine ol 6] 21w
removed high temperature polymer is above its glass transition temperature (hence it is
in its rubbery state), resulting in a highly efficient progressive cavity motor. It
can be readily recognized that this technology, although intended for use in olil
and gas progressive cavity motor drilling operations, may be adapted to pump
15 applications where the operating temperature of the materials being pumped
are within the rubber plateau of the polymer used on the stator interior
surface, without departing from the spirit or purpose of this invention.
Furthermore, this technology is not limited to the specific geometries reflected
in the drawings, but can be adapted to any Moineau-type motor or pump.
20 The designed loose fit between the stator 10 and rotor 50 has the
added benefit of making the insertion of the rotor 50 inside the stator profile at
ambient temperatures easy and efficient. If the fit is tight, the rotor 50 can still

be inserted by raising the temperature of the stator 10 to approximate the

glass transition temperature of the stator’s polymer 30.
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| eaving an interior |ongitudinal bore 40 providing a helical profile 4 1. A
standard rotor 50 used in progressive cavity notors can be inserted to
conpl et e wbeomaiset7sor punp. Fig. 3 shows a cl oser view eCTuhmognecul ar
cross section showing a five |obed stator 20 providing interior circular

surface 22 and_pol yner coating,30, adaptable for, use wt fou bed
otor (not sholi.2 The FoRymELioMt igaT BoteiongOscr sioe drfiedssly a8d bonded
to the interior surface 22 of the stator 20 in using nmethods nore fully
descri bedhavingesitliimgriah sHrfaeg i22nsepsaohally ¢BeulannhiStataroadycd potesioed her ei n
by reference as if fully copied herein. Alternatively, another five-I|obed

stator 23sgdacd @ ¢ modted witic theedondibg agdrd) iac ahandreke(nor shkowhpde 24 as
nore closely shown in Fig. 3A, and a polyneric coating 32 providing a

uni f or m t bestkaIRSIBCARY &R fher pargmand nkaBea3o msehed, thel inaabird Ré@bLed surface
24 for use-again-with a four-lobed rotor (not shown). The polyneric surface

of the; st i £ r : n . Dol S sJ4avi ng a

gl ass Stra%;a?/hgg%nt ?&%@gﬂ;?ﬁfﬂtﬁi{nﬁeg@&ggoeﬁgﬁhﬁp?eﬁéel}oggl%r%ﬁléet v‘\lg'enA4OOC and
50C, bel ow the averaggea,operat.ing tenmperature of drilling nmud a rredi cted
wel | dept HEDOERT TRt 80 "B dprhopfeBN iy e rs; sl e Hordtegl 1€
transition tenperature of the stator, the polyneric |ining becones

resi | i ent CREPHAE theGIUAOMPPHPPef fi ci ent seal to be formed between the | obes
of the rotor and the helical |obes of the interior surface of the stator in
amanner wel | khigu3 showsiasclaser. vigWweofghassircutairasoss sectiampleowingra fivequi r ed
for the operation of this invention would fall within the range of between
50 C and dedGtatyrizd pealidingtinterionoirciihognfades 2Rramd gelgrmsa\doadngrBoout er

di ameter |ess
10  adaptable for use with a four lobed rotor (not shown). The polymer lining or
coating 30 is formed on and bonded to the interior surface 22 of the stator 20
in using methods more fully described in pending application SLB 92.1136,
which is incorporated herein by reference as if fully copied herein.
Alternatively, another five-lobed stator 23 can be formed or machined
15 with a helical interior surface 24 as more closely shown in Fig. 3A, and a
polymeric coating 32 providing a uniform thickness may be formed and
bonded to this helical interior surface 24 for use—again—with a four-lobed
rotor (not shown).
The polymeric surface of the stator 30 is composed of a polymer or
20 blend of polymers having a glass transition temperature at least 20°C, and
preferably between 40°C and 50°C, below the average operating temperature
of drilling mud at predicted well depth such that as the operating temperature
rises to the glass transition temperature of the stator, the polymeric lining

becomes resilient permitting a highly efficient seal to be formed between the

25 lobes of the rotor and the helical lobes of the interior surface of the stator in a
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than the dianeter of the polyneric lining 30 on the inner surface of the
stator body at all tenperatures below the glass transition tenperature of
t he pol yrmwoi2e0%s2475ng, t hereby permtting rapi d assenbl ycofiBrdogowenpl et ed
notor at anbient tenperatures. The choice of polyneric coating having an

appropriate glass transition te atyre range is critical to.the
SUccesst uMasT AYRlkIR RN Jis @ & ThavRATs BANSHAR tGMRstattie, rRtiesfor
tenperature T is the tenperature bel ow which the physical properties of
anor phous thea@renatip’ of fiig invendorarmed fall withiarthe sange skbetweencdy’€t and i ne
phase (glassy state) and above which behave |ike viscous |iquids (rubbery

state). ABBOWC.T , the secondary, non-coval ent bonds between the pol yner
chai ns beconme weak in conparison to thernmal notion and the pol yner becone

rubbery and capakéiRaplrotol 386t Sh&wn) B pvided Habing et baeribdmetdr esgct ure
and will be able to recover nost of the deformation once the stress applied

s re@veﬁqrﬁhfe%ihggté?&%h%lﬂfeﬁcrliﬁﬁ'@i %(ﬁgnatﬂeli'ﬂﬂ‘?&’ é}rﬁa;&%i SAhBlsthide

mechani cal 1 oss mechani sns (‘'vibrati onal resonance es) of specific

functi ona roups ,and nmol ecul a rr enents, Factors such, as heat

tr eat mont Dafll 3 PUCHaPEIAEG s 2R B A0Y GRS neradio GoltitulS P B ot ner
factors affecting the condition of the materi al ma¥ have an effect on T .

I n pol yneP8lymesic coalingy &Rarely LEriHENg sapid aasembluoT Wi SAMPIRIediMeOrf 1 ee
energy is such that the activation energy for the cooperative novenent of a
subst ant i at amipgrdteroperatuiest s of the pol yner is exceeded. This allows the
nol ecul ar chains to slide past each other when a force is applied. The

i ntroduction offhadsholdevespslyicriensodting ey ah arpphoprihtagladetransitiosr eases T
. As can be seen in Fig. 4, the heat flow drops as the glass transition
tenpe{@t Uf@nderature®3shgsl ANGritical to the successful implementation of this
invention. The glass transition temperature Ty is the temperature below which
the physical properties of amorphous materials vary in a manner similar to
those of a crystalline phase (glassy state) and above which behave like
viscous liquids (rubbery state). Above Ty the secondary, non-covalent bonds
15 between the polymer chains become weak in comparison to thermal motion
and the polymer become rubbery and capable of elastic or “plastic”
deformation without fracture and will be able to recover most of the
deformation once the stress applied is removed.
A full discussion of T4 requires an understanding of the mechanical loss
20 mechanisms (vibrational and resonance modes) of specific functional groups
and molecular arrangements. Factors such as heat treatment and molecular
rearrangement, vacancies, induced strain and other factors affecting the
condition of the material may have an effect on T4 In polymers, Tg is

expressed as the temperature at which the Gibbs free energy is such that the

25 activation energy for the cooperative movement of a substantial number of
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remains flat for some range of tenperatures until the polynmer crystallizes
or nelts (when the polyner is not chemcally crosslinked). This flat range
i s cal | eawoheowasbizer pl at eau. The operati ng tenper at ur e Pofi/IBlos/@03711
conponents, either stators or rotors, will be such that it falls between T
+ 20 C and, a tenperatur belowtherretl |nt f th hte rature
ol yirer ( Tl nems o1 Beobelughes areredsc. 1T1n G SsRer ioTeP At A Tated by

t hose having skill in this art, that the nmelting tenperature Tm nust be

est abl i shelife gast ﬁécm@twh%m@s@ﬁic@@ eep¥ecth flae abedectionohedgdivedper at i ng
range of the progressive cavity notor. If the operating tenperature reached
the Tm t biffers thie moleicdla ohd dnid lgreoeainexkases tle fes canmpeseeniire Faprdi ti ons,
then the high tenperature polyner will have sonme rubber-I|ike nechani cal

properti ege ALBOfloASJRIPRVEOURE Ygla&s @insitioh tdneparaturéxT, f@?éﬁbr@@eéﬁdﬂ cients
(CTE) will be such that the fit between the rotor and the stator devel ops,

5%2? Fi 21 el TR ol somegel B e P T S FL qﬂﬁgﬁw ftf &Bﬂnzggap nsion
| f h
7 oM B 1 PR SO Bhl  E e 25

TMA neasures the change in the coefficient of thermal expansion (CTE) as a
pol yner g6@ied iheruBPa5RIai®AY:- ubber state with the associ ated change in free
nol ecul ar vol unme. The range of appropriate tenperatures for the pol yner
30chosen for thhe ppegitiogsiereperatureyohdinese somponenisst eftiagn stdtors wrt he
range Tg(iOW to Tg(high) on Figs. 4 and 5, and additionally nust be chosen
to be at totess, Wil b6, swardthat ef fallalletweln Tt © 280C, arit laotenigezaktxg deled

operating tenperatures of the progressive cavity notor.

10 the melting point of the high temperature polymer(Ty,), if this polymer melts. It
should be fully appreciated by those having skill in this art, that the melting
temperature T, must be established for the polymer chosen to remain far
above the normal operating range of the progressive cavity motor. If the
operating temperature reached the Tn, the motor would fail. If operated in

15 these temperature conditions, then the high temperature polymer will have
some rubber-like mechanical properties. Also, as previously noted, its thermal
expansion coefficients (CTE) will be such that the fit between the rotor and the
stator develops, principally because of the relative difference between thermal
expansion coefficient of the steel stator body or rotor and the. polymer surface

20  on the component.

Fig. 5 is an alternative manner of reflecting the glass transition
temperature called a thermo-mechanical analysis (TMA) measure. TMA
measures the change in the coefficient of thermal expansion (CTE) as a

polymer goes from glass to rubber state with the associated change in free

25 molecular volume. The range of appropriate temperatures for the polymer 30
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As may be readily appreciated the DSC neasures the heat effect and the TMVA
nmeasures the physical effect. Both neasures assune the effect occurs over a
narr ow r angeo@iosa7Sew degrees of tenperature. Since theprogaBognsitl of the
polymer or blend is critical, both tests should be avail abl e when choosi ng
an approprjate high T polyner for use in the present inyention._Measurenent
of the phousesh it arbdietShe ety idter BatgrebrCR it Eiangs Giene
appropriate_design of an efficient nmotor for the expected operatin

t enper at uf® Tofigr) 198 Figsl 4 ang S anhadditipaaiby Nstthee cageen it@beoat ﬂﬂaﬁgti ci zers
into the polynmer matrix. The smaller plasticizer nol ecul es enbed thensel ves
bet ween t B8°@ol ymer prdfaraidy | HOT@aso N§0tQe sglawi Nhearekpectss vaperatngl | ow ng
the chains to nove past each other at even |ower tenperatures. If a plastic

Wit h sonmetdigséradlres of iR pigressivé eaviiamotsro high a T, it can be conbi ned
with another in a conposite material with a T below the tenperature of the

| ntended use, AStBhOel iBkify sPRRESAEH! Vel DSE eRaes dhe iRk ERBE! bhd0

materials, the appropriate emc nononers) and em cal

conpositign he initi m Xt ur n,b apted, in_order 1o apt the T
Lo The dellt 34 fisaflcbithe RS cifteopeReaShad aRults hE Sh2R « he
resin and the hardener, use plasticizers, use of tri- or tetra- functional
crossl i nkPREHTEaPHRENG Marrel Irafge efat ey groreesopl semeedting: y Sigee il s

desi gn engi neer and can be adapted for use in this application). Al of

t hese t echdagueamanteofitbe ipokymoeinon biendiis catical f hethdesigshopld be avpidblerer s can
be selected from but are not limted to the foll ow ng: epoxy resins;

pol yi m dewhepokhiedding etheapmopriete High YE] hikaéories,useoliy kiteopessenPEEK,
PEKK, PEK), phenolic resins, polyphenylene sulfide (PPS), and pol ysul f ones
(PSU) 10 Bl aREtIGH. PRISHRIFEMBRY Jethdephysies! BMaracteristics of the polymeric
surface permits the appropriate design of an efficient motor for the expected
operating temperature of the tool.
T4 can be lowered by the addition of plasticizers into the polymer
matrix. The smaller plasticizer molecules embed themselves between the
15  polymer chains increasing the spacing and free volume allowing the chains to
move past each other at even lower temperatures. If a plastic with some
desirable characteristics has too high a Ty, it can be combined with another in
a composite material with a T4 below the temperature of the intended use.
Alternatively, especially in the case of thermosetting materials, the appropriate
20 initial chemicals (monomers) and chemical composition of the initial mixture
can be adapted, in order to adapt the T4 to the desired temperature (e.g., work
on the stoichiometry between the resin and the hardener, use plasticizers, use
of tri- or tetra- functional crosslinking hardeners, all within the skill of an

ordinary materials design engineer and can be adapted for use in this

25 application). All of these techniques are well known in this art field.
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conbi nati on of these materials and others, all in a manner well known to
the industrial chemcal industry, to provide an appropriate range of gl ass
transi ti onotzeoppsrarsure for the blend. Simlarly, a progPresdaBwes/o@srity notor
rotor can be coated with a high glass tenperature polynmer and used in a

notor stator body. Fig. 6 is a represen ive schemat i erspective view of
Such a r oPPTORKELS rROIRETS <A REPAR JToMd Rinaral 1 e MRS alondl® ( not
shown) having the appropriate matching helical profile, all in a manner
wel | knowfPllowingiRpoxyrresing; petysnidesbpplyathesathgrfetongsinplyethedeinngs, agent
can be applied to the core 610 and the polynmer 620 affixed to the rotor

bet ween t pelygetomess (FEBKe FERKpfPEKE plemoligl@esingl pblyphangensusdléide of t he
nold (not shown). The inner surface of the nold can al so be coated with an

appr opri af{RrPs§! &asipolsagenés {(PSU)Ni BieHdddot @gmér}énmbyftﬁ@rﬂe%tdr@@i pg to the
nold after curing, all as previously described in the discussion relating

I
to thesfapphpatdidn e@gh?ﬁ§ n?ét%Fi?l%eﬁibgérﬁgTeé%&m‘Sa Fhithdra¥&Rkiodn 46Mhé &

| ongi tudi nal bore oug ich permts the core 610 to
have a vacu | ]l.ed.on.the outer surface 612 through rts. jn the core 610
Lo draw ¢ MEUSBIEY sREmiEH aldBug Tenbrs¥ii AT 8neiPrish PGS bl pol yrer
all in a manner currently practiced in this art. The nold woul d agai n be
desi gned tONPRTGNrEOLINEIHBNGt ed rot or di aneter having a high T polyneric
coating after curing slightly smaller than the inner dianeter of the stator
at anbi ent t enpémiany, &g psegrassikatcaxity enotog doter epnt he apatechmwitga érigler at ur e,
the rotor would efficiently expand to engage the inner suface of the stator
to seal aglaseeteetbdraturé hsolghtr @nentisegen ad inotoefstatoe oatyor .Fidhi @.is7ai s

anot her enbodi nent of a high T polyner coated rotor shown in cross section.
This {®r m&irebbfatitRisRAehRiier pdtspEEHRS vRwe OF Istichos otok0 A core 610 is
inserted into and centralized in a mold (not shown) having the appropriate
matching helical profile, all in a manner well known to those in the rotor
fabrication art. Again, a bonding agent can be applied to the core 610 and the
polymer 620 affixed to the rotor between the outer surface 612 of the core 610
15 and the inner surface of the mold (not shown). The inner surface of the mold
can also be coated with an appropriate releasing agent to minimizing the
polymer from sticking to the mold after curing, all as previously described in
the discussion relating to the fabrication of the stator above. Fig. 6 also
reveals a central longitudinal bore 630 through the core 610 which permits the
20 core 610 to have a vacuum pulled on the outer surface 612 through ports in
the core 610 to draw the polymer layer 620 into engagement during curing of
the polymer, all in a manner currently practiced in this art. The mold would
again be designed to provide a completed rotor diameter having a high Tqg

polymeric coating after curing slightly smaller than the inner diameter of the

25 stator at ambient temperature, such that after reaching the operating
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covered in an appropriate high T polynmer 720 which is then covered with a
thin outer |ayer 730, selected of other types of elatoneric materials,

met al or woheey/gsoigners. This outer |ayer 730 provi des &CpnBresgbivel sheat h
around the rotor during installation and initial operation of the rotor.

The hexagonal shape of the co 10 reinforces the polyner fraom]l ateral
forces oxpRmpeALaR. HF KO wgRl it RpPng orroecBrbl e ke
operation. The actual cross section of the central core (hexagon in Fig. 7)
i s not |ithe ¢tatardosepkasnapeed &yihe efficienttapesatian of theirae@il ar, oct agon,
round, oval, or other shapes can al so be used. The use of alternative cores

reduces the oveigl7 iscasdtherf efnabdincettiaira bigbalispolymeproeatesd miomsiodwmi ng of
the rotor core to obtain a final helical shape is required. However,

form ng ajhetdssatestitrpedhi9term @F thba¢dte@NBtaroy@Nides &hsolietorealrigore with
the high glass tenperature polynmer or blend of polyners is also within the

scope of i L r { Qi L.hpents and

o or ot i SOLerpan E BBl AR T, PRATAICTRY i B Rl edtRRe IR 2

i ncl udes the best, nod elief iin.carrying out the invention as nt enpl at ed
byt he- nalfis SLRATEr 230t Eeh braahty hbbs e tdihe B Al B ds Bt el bsod.
For that reason, the scope and limtation of the present invention is not
to be resPHeEROYTers: HOiBu\eE I3l A3hpravides @ pratectia shgpth@eENddie ned and
construed by the appended cl ai ms. CLAIMS What we claimis: 1. A progressive

cavi ty drrater comipgninstallatopraryd rigitiala operationaatl then rptary ndiniec hexaderse af f i xed
on said core to engage a conpl enentary progressive cavity drive conponent,
sai d pol ygeépe of thd ece 1Y réigfarces the polymer from lateral forces experienced
10 by the core when engaging the stator wall during operation. The actual cross
section of the central core (hexagon in Fig. 7) is not limited to this shape:
square, rectangular, triangular, octagon, round, oval, or other shapes can also
be used. The use of alternative cores reduces the overall cost of fabrication
because no precision machining of the rotor core to obtain a final helical
15 shape is required. However, forming a helical shaped rotor or stator and
covering the helical core with the high glass temperature polymer or blend of
polymers is also within the scope of the claims and disclosure made herein.
Numerous embodiments and alternatives thereof have been disclosed.
While the above disclosure includes the best mode belief in carrying out the
20 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.
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glass transition tenperature at |east 20 C bel ow a pl anned operating
tenperature range for said progressive cavity drive conponent. 2 . The
progr essiwe 20@vist47sdri ve conponent of claim 1 wherein tiReTaB28s/HES7H r Ot Or
body and the conpl enentary progressive cavity drive conponent is a stator.
3 . The progressive cavity drive conmponent of claim1 wherein the core is a
st at or bo%{ and the conplenentary progressive cavity drive conponent is a
rotor. rogressive cavity drive conponent of claim1 wherein the
pol yner i W@IV&@I@WW om a group consisting essentially of: epoxy resins,
pol yi m des, pol yetherim des, polyetheretherketones, polyketones, phenolic
resins, pd)l ysuAfpmgaassivepmﬂ\Mphieimlcmmmmdnfticdmp.rismg.: The progressive cavity
drive conponent of claim1l wherein the polyner is uniformin

Cross- §ecbi0@ﬁglaﬁd)i ckness and the core surface is helically |obed in
cross-section. . The progressive cavity drive corrponent of claim1l

wherein t pgf%lﬁyép%r dusrakg! bﬁ%ﬁyohoggﬁi idbrérfbsse@%g; %n B e\,ﬁrfel N the

surf ace. he progressive cavity drive corrpon I"al m

pol yner has a glass transiti erature of ween 50.C and 180C. 8 . The
P our 6551 ve cadl Qe ouT e Qo FBNEn o B et Rﬂf e SHEPGs PouBE 75
creep-resistant senmi-crystalline poly progressive cayvity drive

conponent of cB&sh ia%@rbfqm@?f@ttﬂ& @,tnlgasi goap @ﬂ'%r;ar p@ﬂ‘r‘ﬁgs@@%raﬁﬁg rix

reinforced by materials selected essentially froma group including
gr aphi t e whi sktargperaiuredengeifendaie pregrekeive cawitydiiveioompodeniahi sker s,
silicon carbide whiskers, alum num

10 2. The progressive cavity drive component of claim 1 wherein the core is
a rotor body and the complementary progressive cavity drive
component is a stator.

3. The progressive cavity drive component of claim 1 wherein the core is
a stator body and the complementary progressive cavity drive

15 component is a rotor.

4. The progressive cavity drive component of claim 1 wherein the polymer
is selected from a group consisting essentially of: epoxy resins,
polyimides, polyetherimides, polyetheretherketones, polyketones,
phenolic resins, polysulfones or polyphenylene sulfides.

20 5. The progressive cavity drive component of claim 1 wherein the polymer
is uniform in cross-sectional thickness and the core surface is helically
lobed in cross-section.

6. The progressive cavity drive component of claim 1 wherein the polymer
is helically lobed in cross-section on the core surface.

25 7. The progressive cavity drive component of claim 1 wherein the polymer

has a glass transition temperature of between 50°C and 180°C.
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oxide fibers, aramd fibers, carbon fibers, E-glass fibers, boron fibers,
silicon carbide fibers, steel wire, nolybdenumwre, tungsten wre,

nanosi | i caopas%ased7es, nanocar bon t ubes or nanocar bon fi lperaB202€0037Tihe
progressive cavity drive conponent of claim1 wherein the helical polyneric
surface o% t he grlve co onent i S. covered b%/ Fal]a ayer of second material .
11. The pPogr ed 8P \PEOYESS 9%{%6}'“?’%@%%98 9 E[T‘\ﬂ,h\%P%reHP EPAUTEF | ayer
of the second material is selected fromthe group consisting of elastoners,
or other pol ynmsr& Cregp-resigianirsanierysiabingpalyyefot or stator conprising: a
stator body having a | ongitudinal bore providing an inner surface; and, a
pol yner i c9l ayeilhb@nogreseivetdaeity uinge comdomeat of claime 1swherain tedyolyser d

pol ymeric | ayer conposed of a polynmer having a glass transition tenperature

of between 50 g andpdipRier BOGhpBERY | Aiafitk arefiffbicedl LY Ghalefialso sepsmegssi vel y
mate with a progressive caV|ty rotor at operating terrperatures above such

| t . t t f
¢ Zfﬁ]%rzaaﬁ'er'e.gﬁ%'ﬁ@“?%m P ok, 1S A RERRe ) IR IR Ol o

nner tor
cross-section, the nerlc IS a er surface of
the stator proVHkEE UE%PP‘W kKo, SULATERG %%Wthﬁeﬁ% it nal
bore of the stator body progressive cavity notor statqgr of claim

12 wherein t heOXiR&0eEEr ?@é@debqr%eC%rpaﬂJfb%%d§ %@%ﬁvf'@%@ KO fipgrs,
cross-section and the polyneric | ayer bonded to said inner surface is

uni form i n thi skoesscarp@le. fipersprsigele vdievemobpidenuromare, r bngstetomiie, si ng:  a
rotor body having an outer surface; and,
nanosilica particles, nanocarbon tubes or nanocarbon fibers.

10 10. The progressive cavity drive component of claim 1 wherein the helical
polymeric surface of the drive component is covered by an layer of a
second material.

11.  The progressive cavity motor rotor of claim 1 wherein the outer layer of
the second material is selected from the group consisting of

15 elastomers, or other polymers.

12. An progressive cavity motor stator comprising:

a stator body having a longitudinal bore providing an inner surface; and,

a polymeric layer bonded on the inner surface of the stator body, said
polymeric layer composed of a polymer having a glass transition

20 temperature of between 50°C and 180°C and providing a helical profile
to compressively mate with a progressive cavity rotor at operating
temperatures above such glass transition temperature.

13. The progressive cavity motor stator of claim 12 wherein the inner

surface of the stator body provides a circular cross-section, and the
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a polyneric | ayer bonded on the outer surface of the rotor body, said
polyneric | ayer conposed of a polyner having a glass transition tenperature
of bet weew02009@82471d 180 C and providing a helical profileTuB200®n3rESSsi vely
mate with an inner surface of a progressive cavity stator at operating

t enper atures above such glass transition tenperature. 16, . The progressive
cavi ty motor + BOBMSIC i8veh arachidiatie et sliiiece oh fe.gessPoHeMeRor body
provi des a non-helically-lobed cross-section, and the polyneric |layer is
attached to thbeeligallyrioked ceass-ssctioRdn the wngpudinadbperg of theistatar Pgdy.obed
cross-section. 17 . The progressive cavity notor stator of claim 15 wherein

t he outer14urf dbe plogréssivetcavity adptqor stetaresf @ldiml i12alvherdiobthe inner
cross-section and the polyneric | ayer bonded to said outer surface is

uni formin thi gkness of ithe. sthtdrebb@d pbvitiadra GrlicaId crosBIRELIBA SAVE thavi ty
notor stator conprising: centralizing a helical mandrel having an outer

f |1 ' ' i f wtudinal b
2]‘c”aagétaatsg‘ri bgggfyﬁéilcﬁﬁ'gérgéoﬁd&“to@b‘?@|HH%’P%Drf§Hé LGt thR:'Rﬂ%eé%’. | hal bore

eavl space between said Inner surface o he stator
body; fili ace Q/e

iyd f f said helical drel
and the i ter - SAERESSRE R ghdBr BDRERHBRBES: t ne”Staror body i th a

pol ymer having a glass transition tenperature of between 50 C and 180 C
af fi xi ng Bretopbogirdiaving ameutesseFfasgr4ibe of the |ongitudi nal bore of the
stator body; and, renmoving the mandrel fromthe stator body. 19 . The

met hod of acpelymer® vayerebondete qrolthereoutes estirfasef iof | theheotepauasly, said
polymeric layer composed of a polymer having a glass transition
10 temperature of between 50°C and 180°C and providing a helical profile
to compressively mate with an inner surface of a progressive cavity
stator at operating temperatures above such glass transition
temperature.
16. The progressive cavity motor rotor of claim 15 wherein the outer
15 surface of the rotor body provides a non-helically-lobed cross-section,
and the polymeric layer is attached to the outer surface of the rotor
providing a helically-lobed cross-section.
17. The progressive cavity motor stator of claim 15 wherein the outer
surface of the rotor body provides a helically-lobed cross-section and
20 the polymeric layer bonded to said outer surface is uniform in
thickness.
18. A method of fabricating a progressive cavity motor stator comprising:
centralizing a helical mandrel having an outer surface smaller in diameter than
then inner surface of a longitudinal bore of a stator body leaving a

25 space between said inner surface of the stator body;
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bet ween the outer surface of the mandrel and the inner surface of the
stator body is a high glass transition tenperature material, solid at
anbi ent twoperssm’e and resilient at tenperatures at | east/IRDOs/bEyONd its
glass transition tenperature. 20. The nmethod of claim 18 wherein the

pol ymer is.selected fr a group consisting essenti al of ;- epoxy. resins,
Dol i i deBling, A gkehad Braieeh T pufdcrataresRtranae RabiareBsd Mahenol | ¢
resins, polysulfone, or polyphenylene sulfide. 2 1. The nethod of claim18
wher ei n t he poinpegsurfgce of the fpnddsidieh kere ehthe steten badyewidlyp@lymep2. The
met hod of claim 18 wherein the polyner is a polynmer conposite matrix

rei nforced by haviegicadlass éhesitied tesperdtuad diypdtmesnd0jCoard 18@1CGidi ng
graphite whiskers, silicon nitride whiskers, alum num oxi de whi skers,

silicon cafiirdethehpsleics to ahe! hrBBRTdcdeof theabAgit@liRan sbrei dreths, staf bon
fibers, E-glass fibers, boron fibers, silicon carbide fibers, steel wre,

ol ybdgnum wi rgod}t,.L%g)st en wire, nanosilica particles, nanocarbon tubes or
nanocar bon fi bers’.’23.”’The net hod of claim 18 wherein the nmethod provides

the additional. step of coveri t ndrel with a rel easing agent to
permt reﬁ%UgY'ngfth H@W‘Pﬁﬁ' F%'Pq&?tsp?gﬂgg%%ﬁage to the surface of the cured
polymer. 24. The nethod of claim18 wherein the nmethod provides the
addi t i onall9st ephefrmetiad A ctal® 1 Arwhersin dhe mebaner upae ot die Seagewith a
bondi ng agent. 25. A nmethod of fabricating a progressive cavity notor rotor
conpri si ng: cehetwgdnzthegouter surfecel ol themmandrelr anching ineasudacerofdoef ace
smal ler in dianeter

stator body is a high glass transition temperature material, solid at

10 ambient temperature and resilient at temperatures at least 20°C

beyond its glass transition temperature.

20. The method of claim 18 wherein the polymer is selected from a group
consisting essentially of: epoxy resins, polyimides, polyetherimides,
polyetheretherketones, polyketones, phenolic resins, polysulfone, or

15 polyphenylene sulfide.

21.  The method of claim 18 wherein the polymer is a creep-resistant semi-
crystalline polymer.

22. The method of claim 18 wherein the polymer is a polymer composite
matrix reinforced by materials selected essentially from a group

20 including graphite whiskers, silicon nitride whiskers, aluminum oxide
whiskers, silicon carbide whiskers, aluminum oxide fibers, aramid
fibers, carbon fibers, E-glass fibers, boron fibers, silicon carbide fibers,

steel wire, molybdenum wire, tungsten wire, nanosilica particles,

nanocarbon tubes or nanocarbon fibers.
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than an inner surface of a longitudinal bore of a nold | eaving a space
between an inner surface of the nold and the rotor core outer surface;
filing savo 28pase47set ween t he outer surface of said rot @ecTabBroes/ensdiit he
inner surface of the nold with a polymer having a glass transition

t enperatu of _petween 50 C and, 180 C, . affi xi he pal r to.the outer
surface ofrzgt heTB%trBf3 r af Cmﬁoﬁﬁ&qrﬁ@ Llﬁ H}eqﬁ?@rﬂrt?w&ﬁ%ﬁ ¥Pnal nserti ng
the rotor core in the |ongitudinal bore of a stator body. 26. The nethod of
cl ai m 25 wher ebiept dleC@ripgetheusandied With @ releasigaagemdovrasmit RaN@ er
surface of the rotor core and the inner surface of the nold is a high gl ass
transi ti on tenpéitnetmaadsedwitthoat dambgerio thespdace af theanwted @olymemt at
tenperatures at | east 20C beyond its glass transition tenperature. 27. The

net hod of 24l ai ThéSmehRicebn cldivd PRIWHEREIN thes BleRBO@ PrbviBEs ahgraugmisHaIpr i si ng
of one or nore of the follow ng pol yners: epoxy resins, polyimdes,

pol yet her et her 0 lgﬁ&g%) k &h 1185 | YigpLf N Or
pol yphﬁnyl ene E%pf?gg?a%#ﬁ@g@ ]S”IO 0 bcI aél %ﬁéﬁ@ \?/Rggev%n %h@%&?@mr is a
creep-resistant _sem crystalline polyner. 29. The nethod of claim 25 wherein
t he polyner i Sager&tol ymer conposite matrix reinforced by materials sel ected
essenti al | é froma group including graphite whiskers, silicon nitride
whi sker s, 28l unfY0RiNod Qfdabpcalingra Pragressive CewhbM@EONRIFIEHPNSIIGini num oxi de
fibers, aramd fibers, carbon fibers, E-glass fibers, boron fibers, silicon
car bi de f ceriraljizing wed Mold @ rotel gdsaeravingwan euterswgiacersnalies in wéarosteri ca
particles,
than an inner surface of a longitudinal bore of a mold leaving a space
10 between an inner surface of the mold and the rotor core outer surface;
filing said space between the outer surface of said rotor core and the inner
surface of the mold with a polymer having a glass transition
temperature of between 50°C and 180°C;
affixing the polymer to the outer surface of the rotor core;
15  removing the rotor from the mold; and,
inserting the rotor core in the longitudinal bore of a stator body.
26. The method of claim 25 wherein the polymer used to fill the space
between the outer surface of the rotor core and the inner surface of the
mold is a high glass transition temperature solid at ambient
20 temperature and resilient at temperatures at least 20°C beyond its
glass transition temperature.
27. The method of claim 25 wherein the polymer is selected from a group
comprising of one or more of the following polymers: epoxy resins,

polyimides, polyetheretherketones, polyketones, phenolic resins,

25 polysulfone, or, polyphenylene sulfide. .
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nanocar bon tubes or nanocarbon fibers. 30. The nethod of claim25 wherein
the nmet hod provides the additional step of covering the interior surface of
t he nol d wDt2hossreseasi ng agent to permt renoval of thecraBmos/oe@ra and

pol ymer without danage to the surface of the cured polymer. 3 1. The net hod

O e B e e e T 2B s Fler SR G o e
crystalline polymer.
29. The method of claim 25 wherein the polymer is a polymer composite
matrix reinforced by materials selected essentially from a group
5 including graphite whiskers, silicon nitride whiskers, aluminum oxide
whiskers, silicon carbide whiskers, aluminum oxide fibers, aramid
fibers, carbon fibers, E-glass fibers, boron fibers, silicon carbide fibers,
steel wire, molybdenum wire, tungsten wire, nanosilica particles,
nanocarbon tubes or nanocarbon fibers.

10 30. The method of claim 25 wherein the method provides the additional
step of covering the interior surface of the mold with a releasing agent
to permit removal of the rotor core and polymer without damage to the
surface of the cured polymer.

31. The method of claim 25 wherein the method provides the additional

15 step of coating the outer surface of the rotor core with a bonding agent.
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