ELECTROFORMED STATOR TUBE FOR A PROGRESSI NG CAVI TY
APPARATUS TECHNI CAL FI ELD A net hod for producing a

wa@t@Bop1262be for a progressing cavity apparat UBCT/ESI097/002076

el ectroformng and a stator tube for a progressing
cavity apparatus which is produced using

el ectrof orm ng. BACKGROUND Progressing cavity
apparatus include progressing cavity notors and
progressing cavity punps. A progressing cavity notor
is frequently used to drive a dr|II bit in borehole
drilling oper atldHsTROFORME ORy RUBEFY

oi | and/or gas WBROGKE ﬁ%@&VﬂWQ@PAﬂAWsO
receives energy froma 1luid passing through the notor
and converts the fluid energy to rotational energy of

th j it rogressing cavity punp is frequently
usg'ruﬁ‘]{i\hcgi 1:ps froma borehole, such as a

producing well. A progressing cavity punp receives

ocated at tnd BealdL BOpRRhEhgl sl Sk 2obiobressing cavity

t heappataadsi usmlg ehaetrg’g‘ortrmg dndua dstafor ctabb afor az cprogteasisg cavity
th t b I .that the fluid

endegy R vabh s Rk e Bronifinge of the

borehol e. Progressing cavity apparatus, including

pr (Q, ' 8 ity nmotors and progressing cavity
puﬁgérigig—%ﬁﬁén referred to as " Mi neau” appar at us,

in recognition of their inventor, Rene Mi neau who

obt ai ned U. S. Patent No. .1, 892, 217 for a "Cea

Mechani st onPIREEETHIE Cavity eppsatupipgipds @F?@eism ggvity motors
appPadFrdsreNifs 6MAfLARIRHd. zed by a stator and a rotor,

mhere?% ?%e ?%tor i's di sposed within the stator and

rotates wthin the stator. The stator has a helical

| obed stat or M)ﬁfog%e%mﬁg cé&w R 1§H%I1\?éi§lyqfse& t@aﬁ&@& @Fill bit in
and the rotor has a_helical” | obed rotor profile on an
outterebnle Aabingrpersiionsosush, aspperations to d@ﬁuane)sl apd/or gas well. A

S e Qb &SRS biviPhold 1BVl 85S: ALRNShsERE thiDgh fhe motor

and converts the fluid energy to rotational energy of the drill bit.

A progressing cavity pump is frequently used to pump fluids from
a borehole, such as a producing well. A progressing cavity pump receives
rotational energy from a motor which is typically located at the surface of the
borehole and transfers the rotational energy to a fluid which has accumulated in
the pump and/or the borehole, so that the fluid energy conveys the fluid to the

surface of the borehole.

* Progressing cavity apparatus, including progressing cavity motors
and progressing cavity pumps, are often referred to as “Moineau” apparatus, in
recognition of their inventor, Rene Moineau, who obtained U.S. Patent No.
1,892,217 for a “Gear Mechanism” on December 27, 1932,

Progressing cavity apparatus are characterized by a stator and a

rotor, wherein the rotor is disposed within the stator and rotates within the stator.
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of the stator or rotor. The stator has one nore |obe
than the rotor. The respective pitches (i.e., the

wo eovgioozet nal di stance required for a | obe to MTUSHNE002076
full turn around the Iength of the stator or rotor) of
the | obes on the stator and rotor are in the sane
ratio as the nunber of |obes on the stator and the
rotor respectively. For exanple, if the stator has
three lobes, the rotor will have two | obes and the
rati o of the
brtch of the Thspastobhat 8l IR ENIRL Oh shinhdburface of
f eatetmaonﬁmbﬁwgmmshaag hetivaltlgbemdorgirafile en ahattee swiface of the
| obe of -t Qt it h
s SigP EpIEIchY Blinkda SRRBRLIY of bRl WAl Wrdd alh she tength
ef bBahe Csi:atﬁlf eatnottg a’mnleustmlor thas odnecnpuiry lopackan itied ween The

oqteperb mlhEs (it GF one M e S G lofi g grind one

S p&ae surhSar66iibthet RngihcoMelzeitonbr tAYofahe tlds&ssdrﬁmrstator and
The enpty, spaces are, isolated from each other

poFHPE 2B it B sERe Kbt e Rembest of lobes %@eﬁtgpb fmd the rotor

whigBeahwiRf Fep eie@ﬁﬁer A0ht Qtafst ha3Qhteel 1bHES the 1di6r FiPhitve two
spaces betvveen he stator and the rotor

r eb‘é’&ﬁ &adithe vaékoa‘gféée PHFl A§ thenlebeseary the ator ?/fethe pitch of the lobes

Pr gAKRS St Owiiplé 8. apparatus, wherein a stage is
defined by one full rotation of the stator |obes. As a

result, a progressing cavity apparatus which includes

a stator havi g fled RARED o?goi}@ége%ﬂl tiy) V\‘gﬁs atél!ikglspthﬁtc&ch lobe

of the stator | obes i1s des
pr efthegsiards eenstanylydpsantacuwith dlse stmr abmtmmvaltsesross section.

m :I“Eis;heﬁ Eﬁe et Yr cxéeﬂﬁxgﬁ%ﬁlg}{atlﬁg 3? & ")n?pg?est ﬁétw@ex? ER3tor and

not1 on
apﬁ@rlalmrswhllch eable heype p d¢ngbin egfial do ph@gnﬂs ef ﬂ@ stater.t The number

RN WA RN i —

st ateasolatedt fnmneeqch}oth@ageﬂuerpmﬁtsfdfmme betteafthe R6tor and the
stgtor tﬁg her .end, of the Iﬁt ator. In the

op&f ati One far%oé?'bbqf%’g & Opsc 5%~ &Peﬁunp, t hese enpty

spaces are filled with a driven fluid which is caused

to nove fromgone end of the stator to the other end of
the stator a h gmpty spaces between the stator and the rotor may be

repeated in ‘“‘stages” along the length of the progressing cavity apparatus, wherein
a stage is defined by one full rotation of the stator lobes. As a result, a
progressing cavity apparatus which includes a stator having a length equal to two
times the pitch of the stator lobes is described as a two-stage progressing cavity
apparatus.

As the rotor rotates within the stator, the empty spaces “move” or
progress with a helical motion along the length of the apparatus. In the operation
of a progressing cavity motor, these empty spaces are filled with a drive fluid
which causes the rotor to rotate relative to the stator as the empty spaces move
from one end of the stator to the other end of the stator. In the operation of a
progressing cavity pump, thése empty spaces are filled with a driven fluid which
is caused to move from one end of the stator to the other end of the stator as the

rotor rotates relative to the stator.
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rotor rotates relative to the stator.Due to the shape
and geonetry of the stator and the rotor, the rotor

wowios/opee | aterally or precess relative to thRCEHUS1007/002076

as the rotor rotates within the stator. In other

words, the rotor noves eccentrically relative to the

stator in addition to rotating wwthin the stator. The
performance characteristics of a progressing cavity
apparatus are dependent upon design paraneters such as

the dianeters of the stator and the rotor, the nunber

of | obes on the stator and the rotor, the pitch of the
stator and t hpueabahe shiys: amdgebmefry edchatstitor ayd the rotor, the

between the stator and the rotar,. and .the overall

rBon ol o DL PE R RS I A h e rotor rotates
eX iR the RERGASTNGtheh &/0RddRE réor HMA@S ecodntically relative to the
progr essi ng cavity appar.atus generally increases the

t orstRier iBAdaiian togplating WAt G SO of t he apparatus and

i ncreasing the nunber of |obes on the stator and the

rotor generally increases the volunetric capacity of a
progr essi ng cAb¢ pyrfemppamcacharagleriglicy ofad PragEess iR fif¥ity apparatus

ca oggg@gea%#ynedeg rﬁ@'t&ahxetgis dulf 22RRANIAEYRrs Eh&etstamr and the

per e char act I cs of a progressing cavi
appeatoss e mmebes|of dolks paridie rstaterpad thieaotej thietpjtebfofithe stator and

ap V] : [ eal
FotRE UE {8 RAQK ST APeRHLE HelfoiRe REbIEER he'fotor, and the
exavptadl leh b drowugiber ofigtagestof/the epsuates.capacity of a
progressing cavity apparatus is proportional to the
differential pressure which can be devel oped between

t he ends of tRer appaplel itscreashigr thel Muhbemof stagepefidepiogressing
upon the effectivengss of th%hseal betvve&r!l/ the rotor . fth
and?YHhe 2RRHPYS BRPYAGY (HECLEL T [N Camgeihy gEFSsYg capactty of the
ac eppamtatediineresdnPitRnuiitbes GE Idbed bntthe statk ahd kgl @tdrivi@nerally

to,the stator while maintaining effective sealing
al ORgeRIE B KR iR CHRBEWE B PHRETPSH ity SPRErERAsgyell as the

St 36198 capRikyRbdald dapRlityPotiBBRPSArhRsCONSt ructi on
whi clﬁl [ ngﬁsudtgéiﬁa net a s?gct)or tgge having a |ining of

an elastoneric material applied to an inner surface of

the stator tupge t)&f@m%’x@c\! CRiLORALHRY AU FoetdiBins VAbitY apparatus

apparatus, the stator tube Is :
are also dependent upon the ability of the apparatus to provide an effective seal

between the rotor and the stator along the seal lines.

For example, the torque capacity/pressure capacity of a
progressing cavity apparatus is proportional to the differential pressure which
can be developed between the ends of the apparatus, which in turn is dependent
upon the effectiveness of the seal between the rotor and the stator along the seal

lines.

In order to accommodate the complex movement of the rotor
relative to the stator while maintaining effective sealing along the seal lines
between the rotor and the stator, stators are typically of a composite construction
which includes a metal stator tube having a lining of an elastomeric material

applied to an inner surface of the stator tube.
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conprised of a cylindrical tubular nenber having a
cylindrical tube profile on its inner surface, so that
wo b@shel2szal | obed stator profile is provi ded BOI/EE2001§02076

the elastonmeric material. As a result, the thickness

of the elastoneric lining varies considerably al ong

the transverse cross-section of the stator. Were the

el astonmeric material defines a lobe it is relatively
thick and where the elastoneric material defines a

space between,l.0 I T hi I
capaci ty/ pr esrhs1 ur%ﬁ@/g{ﬁg%ﬁa?frrg%rgé%ﬁ%% lﬁhééhaé%lrlgtthg &E‘@r tube 15
p { ognptsﬁad@fda:?dmdylcalﬁphulat nsexﬁﬂxr havr?g aebyhydlflm tube profile on its
s ren nd dura ast o in

D S8 se RO detishloned Fubf bR praluff sty the
dl thetoardricahaleeiblie An sartpaicahe thickhess il aheelastmmlcb]mmg varies

flexible 0 accommodat e t he conple t|v
ot Ehae; i FRmEr S AEHIon Widtin Sl ol the
t OeMbstohsdrizn gndiéigdl defimar at llkﬁlﬁs it tienpR4stately ethick and where the
fluyatﬁuatlons r.ep ed c s of deformati g{%the

wed ‘H&‘eé‘l“ff%%‘@é‘a ehigs p JRacgHEEKesTHY &%’i‘?ﬁ%ﬂ"ﬁ atht

the fluid which passes through the appar atus. The

lining nust also resist the effects of physical and
cheni cal i nt efBsciaraRss CIPaCHYRIRFE S neapaciinieBf arelrll sHesrtity of a

I nb&g?&@t@&aﬂﬂf Bpdi@ub 1i181138ited bl '@ MrdnBf and durability of the

conventl onal pr ogr essi ng cavl tg appar atus 1Is
r ePlastomerip Hpmget iRhs, lipingheystbe rigiguerpughato refist the pressure

el éﬁ?e@&ﬁfdl%é%eﬁg &?y'é@éﬂtdgﬁ %?)QEJ s m‘ﬁ@talﬁe K10 Lifagh to

performance, reliability an
copsremiodate the cgmpdex rﬂéatwvmyelaplpao%ﬂmsmt@oand the stator, and

eXfHﬁQJf fe al S{eatf‘)tﬁﬁﬁﬁ ﬁ%&xec{a r%mh%@ qﬁtﬁjgex% tet}?l}c tm{x?f repeated

signifrcan aC|ty
t heyalessef defotmatlcei and maewezmdg efifevgsof m]distwinabamytbea:ndxtamed

re n nj.f.icant. anpounts of heat du era

i B R B AR % aphiros, 2he Fhlr oo dPo Rsist the

el effectsref Iphydnb:ﬂi agl defminssintedeionandth subdigices Wiich may come

rel tIcV ag %ﬁﬁ’ . Elastoneric materials are also

prone YA Rt g“ﬂﬂ%to heat or interactions with

subst ances which conme into contact wwth them which

swel l'i ng becorpﬁqs nﬁr e pronounced _ as the thickness of

the el ast omer MEqUER; ﬁ%“‘p i fvengnal progressing cavity apparatus  is
relatively effective, it has been found that the elastomeric lining provides a
general weak link in the performance, reliability and durability of conventional
progressing cavity apparatus. For example, elastomeric materials tend to exhibit
a significantly higher heat capacity than metals, with the result that elastomeric
linings tend to absorb and retain significant amounts of heat during operation of
the apparatus, particularly in the areas where the elastomeric lining defines lobes
and is therefore relatively thicker. Elastomeric materials are also prone to
swelling due to heat or interactions with substances which come into contact
with them, which swelling becomes more pronounced as the thickness of the

elastomeric lining increases.

As a result, efforts have been made to improve the materials

which are used to provide the elastomeric lining. Efforts have also been made to
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As a result, efforts have been nade to inprove the
materials which are used to provide the elastoneric

wo eowsngL26Ef f orts have al so been nade t oi npr ovePCpPU200T1€02076

conventional stator configuration in order to mnimze
the limtations of the elastoneric |ining. These
|atter efforts have resulted in the devel opnent of
“hi gh performance" progressing cavity apparatus. In a
hi gh performance progressing cavity apparatus, the
r 0
t u ro?% pr%ﬁeth%ecoglggn&(;n%L %.gart]é ant?ﬁﬁ‘ t??xg?% ro?@éu bt!é) &%mlze the
fabm@ﬁbmquﬂlhel@tmmncslunﬁgce of the stator tube rray
be generally cylindrical or may have a helical |obed
profile which substantially matches the helical |obed
tube profil e Thesd¢ hetarnefortss haveaessuhiéd tihethe tdeveloptaehe of “high
A relatively thin and SlfIbSt antially constant thickness
of PHFOTBIAREE PROBT S BCAYHRFPRALS ni cal |y applied to the
i nner surface of the stator tube (i.e., the helical

| obed tube profile) as a lining. Wiere the outer
surface of t MR %whighyPerigpRancs sPIREFREFINgaFavityHRRPaIAES:j the inner

Whingrfhcs Wrthé Blatad! thive AR £ REScal Iik%elaedubs ?lromeb p%H@i%ﬁ upon how

profile on the inner surface of the stator tube

st hedtatey mbeiis &bricatedy the| oyéerrfavface of thesttatar fublepay be generally
copairbical b £14)88Se d helltaP 1dbe8 DHrof RhidRadubBiafally matches the

perfornmance progressing cavity apparatus can provide
s ub@Mablobpé teheeprefijseen t %Wlm@§§tfﬂ@€ efipastater tabel

inproved reliability and durability in conparison with
conventional progressing cavity apparatus. For

exanpl e, the A elelativels| yhinhand amdbstsmbgltlﬁmanatahy thickness of an

co | G | ini
rogtBiledt IhAKHEPE Sbichlie ol RIS ek Sl b B deftor tube
pr Ofei,|the @nlltdidobmmbesproﬁMQscafhmhg SWakrr the: Wuter surface of the

LB Raf ARl S R b

ﬁl bbe«(lj) et prafile longthh dandregmfate idﬂ‘dhé gtalﬂrsrowbe,ﬁth‘éud@ﬁlbf @lbe itself
eat dj ssipati ess swellin ue to physica
an‘&‘%?is&sﬁ‘é‘ﬁ?eé}‘g‘ﬁt barl c?f’f‘%fﬁ%t%clkﬂ $ubst ances whi ch may

be contained in fluids which pass through the

appar at us. Th? rlglrl or art caontains descriptions of high
per f or mance as been found that high performance progressing cavity

apparatus can provide superior torque capacity/pressure capacity and improved
reliability and durability in comparison with conventional progressing cavity

apparatus.

For example, the relatively thin and substantially constant
thickness of the elastomeric lining which is made possible by providing the
helical lobed tube profile on the inner surface of the stator tube facilitates an
improved seal between the rotor and the stator. In addition, the reduced
thickness of the elastomeric lining has been found to provide superior heat
dissipation and less swelling due to physical and/or chemical interactions with

substances which may be contained in fluids which pass through the apparatus.



progressing cavity apparatus and descriptions of
nmet hods for fabricating stators for high performance
wQ@re@gnerst ng cavity apparatus. U.S. Patent No.PCT/US2007/002076

5,145,342 (Gruber) describes several designs for a

stator, each of which purports to include a uniform

| ayer thickness of a rubberelastic insert material. In

one enbodi nent, the stator tube has a helical |obed

profile on both its i nner and outer surfaces. In a

second enbodi .the stator.tub as.a cy drj ca

pr ofi le on botH goﬁ nﬁ% °8“@“l§ut%ﬁ°%‘ﬂﬂ°fr§ce%€ I}B%Ii’ performance
gréssigs canigy @ﬁamid@dnd BedcRiptibhid be methabit foe fabitkatihg stators

the | obes in qQrder to maintain the

nate a

unif ‘F’b#“m&klpﬁvgf‘%?r?ﬁeéﬁﬂ%@%s‘% CRVA 3PRBEBYS: e| astic i nsert
material. The st ator tube is descrl bed as bei ng
manuf actured in a known manne S. Patent

5,145, 343 ( BeVchdigerd e 5, B34 b%@ﬁ@é%qSﬁ@b%SaiﬁVPvl designs for
PUNPsthiBr, WAL Bf WhEHSh@h6fts to%n@fu@l‘é'adtﬁﬂfdﬂﬂ ﬁyé’r thickness of a rubber-

substantially constant wall thickness of
eI glastrepsest Maring. Iy ope %bc&ﬁmenb the stayor, 11198 has a helical lobed

gﬁ'{)ﬁﬁtc)n H&AGHs 1%& 3163 §ir foest ?ﬁ g sed O, éf'l'nbodimen% the stator

gressing cavity I ncl udes a ousung, _

r i gk h@taatylmdaxmlrpmﬁhm betlaausrleuemmdmmelt svefaheny birhpetal wires
%1;% ;%}r%lbt@ Er?g Eﬁe’ nlq%QP Qlaﬁkgé 'élr?]s%Létl %@fkgf% fa}angﬁ\g;t% 1%99:1 fh order to
ha\malgtam ﬁwbamlﬁnm dyey thickidfess wf tthe cdhhes-alaspplmmd: matenal The

th hell urface of atoy forner.

s p S bE i RRE S E rarn e S A Sl ERRE Ty be
fllled w th addltlonal elastoner or with resin in

order to suppgr e s t.hi he . housin

0 & parent RS PR’ 3 °5 445075 GG deditioR Pdaressing
6, bﬁﬁt@%ﬁn@ﬂ@ﬁh}&h tie Statbiaisepfovidibd ﬁltﬂ?a7 subktarltihBg &bohstant wall

and, _.Canadi ent /—\ppl i cation No. 2,271,647 (Jager)
Ehégg g ﬁ% S Y% avi ty apparat us whi ch

i-ncl ude a I|n| ng of an elastoneric nmaterial with an
essentially uniformthickness and a stator tube with a

hel i cal | obedUpr datqné N Jobtial 38 §Farrstr desaribesce camgosite stator
Ouk&y a%&%@%n@ ‘%a%l?}atmdtgr A ﬂﬁﬁu&s%‘@éﬁ%@% % ﬁde rsxetal stator

uni form thickness. U S Patent No. 6,2
de $rnessecured mathin the haysingandyhaving a multi-lobed hehcal inner surface

and a uniform thickness wall, and an elastomeric material having a substantially
uniform thickness applied to the helical inner surface of the stator former. The
space between the stator former and the housing may be filled with additional

elastomer or with resin in order to support the stator former within the housing.

U.S. Patent No. 6,158,988 (Jager), U.S. Patent No. 6,162,032
(Jager), U.S. Patent No. 6,427,787 (Jager) and Canadian Patent Application No.
2,271,647 (Jager) all describe progressing cavity apparatus which include a
lining of an elastomeric material with an essentially uniform thickness and a
stator tube with a helical lobed profile on both its inner surface and outer surface

so that it also has a substantially uniform thickness.

U.S. Patent No. 6,293,358 (Jager) describes a progressing cavity
apparatus which includes an outer tubular member, a replaceable thin-walled
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apparatus whi ch includes an outer tubular nenber, a

repl aceabl e thi n-wal | edi nner tubul ar nenber extendi ng
waowdokiosi2she out er tubul ar nmenber and support edP@lUS1967/002076

outer tubular menber, and a liner attached to the

inner wall of the inner tubular nmenber. The

thin-walled i nner tubular nenber has a helical | obed

profile on both its inner surface and outer surface

and i s described as being produced fromthin wall ed

cy

oy e RS b R TR QoI HherRer gnd supported

6 Emhq 95te(r Banlasmembet, Jand 9. BrerPdtached MotheGna@gwalt ©f the inner

&i F flenfbe g ot HABIRD FRLC Mo nfonibdd 140, belica] lobed

escril e a s or for a progress
caprdﬁle appaott its mturodurfanelandemter binifade avad i@desmhem ras being

a helic | ohe rofile on its inne
or Bradiged, s B cfifleq' SRIRAEERC Pigbs asihe s pastiept, deformation
OUpRicefy Acotding Rchovicmeeiodst thi ckness of an
el astoner | ayer nol ded or attached to the inner

profile of the stator tube. It is described that the

constant thi ogespateft N 6'3@§t1959(BJJWseretrﬁ§U|U§ 'P’htent No.
neration and | ess svvellln i n aggress

I heat
dr PrOR6r (HAI08 hiil) 8B (iagadiAn (A Mg 2.333.90F (Bottos et al) all
f ugtdesibe desabi REG ;&Bg:tes§1ﬂg cwtﬁtﬂpaﬁhtama{chﬂhahuésea #ck walled

inner profile of the stator tube results 1n the stator

t uBf@tox| Whg haimeny h,sheaé. leked prefilehen deabphergpefil¢ asd 2 matching
t h{S1id8 18HeQr ;ﬁbg& s &!ltélsf)l%?#{] anfh% fonstall {lﬁ&iﬂ'ﬁhﬁt 84 dQastomer

a substanti al I ssi pation o superl or

hebayer orddest ngﬁq&h%@ the et pmﬁlalof the statgratubs ot wi déscribed
th r se .th

St gltag lrtﬁ)eS E&{%‘ﬁint %EE]HSQ é)‘f tﬁ%J efagfaow Ig eegggsglg% ym tl%ssell*;eat 'garéeratlon
a sepigsatsevedlingpior aggngssmmmgg ffuidd tved at higher tetﬂq&ratures. It is

U. Bot t 0s . U S te
ot B GBS GR cul P8 P Rigk Rnircrefie nd s g e sator
2, B®8 resists(iBokd sistoe tutal a)lwayssbelﬂg pediibatd for e seahng surface, thus
rguf ct.uri ng t hod for ‘it ator tube. -
BFHF (D RS T ol Jari gt APk GHsipaion of heat
Cydlumdaetheosupbﬂbehea& obﬁhh&dugoy&pe@;emahetﬁpﬁﬁc&ﬁymnamth the
heI I obed A second manufacturing ne

135%8’61 cf Tt IT Wﬁl?wr%n SRrEhthe Sakogds th%a‘f*’a]tl%ét is not
| Snewekdaeﬁtd ﬂSH'OOMEhl spiatd spbofiisAicaing M} 83 dMibeipkor m

the helical |obed profile on the inner surface and the

U.S. Patent No. 6,309,195 (Bottos et al), U.S. Patent No.
6,568,076 (Bottos et al) and Canadian Patent No. 2,333,948 (Bottos et al) also
describe three manufacturing methods for the stator tube. A first manufacturing
method is a rolling method in which a cylinder or tube is rolled over a metal core
having a helical lobed profile. A second manufacturing method is a cold
drawing method in which a swaged metal tube is pulled through a pair of
rotatable dies which form the helical lobed profile on the inner surface and the
outer surface of the stator tube. A third manufacturing method is a hot extrusion
method in which a hot metal cylinder is forced through a pair of dies, each
having a helical lobed shape. .



outer surface of the stator tube. A third

manuf acturing nmethod is a hot extrusion nethod in
wokiosiorehot netal cylinder is forced through BCPEB2000602076

di es, each having a helical |obed shape. .U S. Patent

No. 6,543,132 (Krueger et al) and Canadi an Patent No.

2,315,043 (Krueger et al) both describe a nunber of

manuf act uri ng net hods for producing stator tubes for a

progressing cavity nDtor whi ch have a helical | obed

profile on theig J.nner rj.c
profile on th i#’ El&tﬁ“z N ﬁgﬁﬁ'@“%"gﬁ#& % (f"banadlan Patent
mam?f |a§:3115r0439(d I{Fﬁéﬁﬁg@t aaﬁras&ndésehbb la\ﬂumg)eia offf pdanafdctdrizeslethods
ile Is, disposed within a netal tubul ar
P 5% BOGHSIRE EAFOE oS Tof B OEAETBRTS SRR 1oLy PIghave 2 helical
rO'lét%rdSpWE@ hort @it @nrled SPROS I4nG 81 dydiGtiHeAISproliile (dD¥heir outer
vin thetubular menber, in the sane direction.

r oG  db SirgamRGaefurige Hethofle p appndieh Fpging g2 ;ehcal lobed
st ﬁ)ﬁl"ﬁl@gs rﬂ?&}id%@d LAHiING ek i@bulie fRber UhA MBS Snember is

contl nued until the i nner surface of the tubul ar
dxetwemsatt Igest trevoj rodliers| whish tptase in eppesitendirections, thereby

Eﬁjd gﬁﬁ%&ﬂbéﬁﬂ%é%ﬂfe' dl cHBL hofhe n%:'l‘l%rssxto@étg 'back and
or me er

conpressing a tubular
pI Lﬁmahl,utwreby pmyndnng actrokingrmoptiomty thelthleylar mamber. t'ﬁl@e method is

'hnlrcll&lété[ﬁ}élr lgg tﬂ% OIHA'F gaxg lacﬁ{ thggﬂmﬁﬁr V\ﬁ rtnhl ﬂgtt"hgg tehr? helical lobed

pl @cceﬁjelcrfstlhdemmhrhet u b laasecomdripeanufdaturing mertlmbd the stator tube is

r| Iy net.hod, ubu her ei .
T RARR B COBRRELAR Y b SHerber TR BlriRY koGl rolting
pr eclbes until hh@ npiem rsatfiaty offthelitatanlali mpated aaaimsnile thetical lobed

out er..sur.f ace t | ar n
SuPTLE S5 TR R Bty RS i M b e T a third
| o beshufrcoiridgmethotihs tdmmrrﬁémbérﬂla&lrfgclﬂéidih a mandrel with a helical

?1 %?ﬁct u kkn % gFtntF]ﬁ}(% é?r}%ﬁsgé ﬁ‘ﬁﬁﬁgg{l\{%g gd{}s dmgfﬁoégf around the

| obatdr piuFhde &f thé ﬂlUu‘lﬁMrﬁ&lM}hﬁJﬁI ReiniBndirflce b$ tHeQﬁFM%{dmember
from.the tublII| ar nmenber Pat ent No. 6, 604,

( PRE3DE the ) Helisalylohed Prpgif‘eﬁf the mandggh, dpoa (fPB\Iélh éylanufactunng
bohtetsles eidiRgs 8paléd @ a ddthed ftlﬁEkﬁesE’ BQQJ z?ﬁﬁh%‘l Bl A¥hdr¥l having a
not or whi ch has a helical |obed profile on Tts I nner
subPflicad lobre mrodils. faliewing whichfthe én-'mqirepltls remoeeed from the tubular
SUpdeasiser. A liner forned froma material such as an

el astonmer is applied

U.S. Patent No. 6,604,921 (Plop et al) and U.S. Patent No.
6,604,922 (Hache) both describe a stator tube for a progressing cavity motor
which has a helical lobed profile on its inner surface and a cylindrical profile on
its outer surface. A liner formed from a material such as an elastomer is applied
to the inner surface of the stator tube, which liner has an “optimized” variable
thickness. It is described that the helical lobed profile of the stato;' tube may be

shaped by any means known in the art iﬁcluding machining, extrusion and the
like.

U.S. Patent No. 6,666,668 (Kaechele), U.S. Patent No. 6,716,008

(Kachele) and Canadian Patent Application No. 2,387,833 (Kachele) all describe

a stator for a progressing cavity apparatus which include a stator tube with a
-8-



to the inner surface of the stator tube, which liner

has an "optim zed" variable thickness. It is described
wao bas/ootze2 hel i cal | obed profile of the stator PCHES208Y002076

be shaped by any nmeans known in the art including

machi ni ng, extrusion and the like. U 'S. Patent No.

6, 666, 668 (Kaechele), U S. Patent No. 6,716, 008

(Kachel e) and Canadi an Patent Application No.

2,387,833 (Kachele) all describe a stator for a

or . . . . . .
PLASESF R S e AR R i G Mt BERbY proviine s
anepristagt ovalk thiskndsgcef thehstpiobytube.osiddanigning cappsied o the inner
wa, [ t.h i NG s

IR of Biof htlr G WUB s 206t i Miciopges
lining al so has a constant wall thickness. U S. Patent

ki o st atht PO g By adBl By, & T omdtione parthod for

t hmakingtostaton lfer a propréssigigtbaaity @dmipe dlerdini ke diator deds a rigid-

helical 1o ofile.o th jts _inner surface an .
el el S Eheing ool JuPsst o OF ol s Hiser dtace and its
f opuredsuifacel R Ghapd oMbk atatéridBe iOfcRmied By sﬂb_ﬁ@ﬁﬁg metal tube to
mecha jcal-forg%;g step to preform.a rough shape

fof P ngty meghaiicalforpeing sisn togpriefap aapugiyshare dhllewed by a
 OdgthiieRSimlifig Sstep CQhuth tWohith Nl QbREHY dhgpd' RC 815

The fér med stla%o?t@% ube&i%s t hen mount ed V\j'r}]ltﬁi n aﬁé_b;ja%tg(rl @
c abydspfommtingprosests Bhofumicd ptater tubleds shem wountgdevithin an outer
CanaficdnhRatshhs ARRLdifatd 09, 054 (Kaiser et

ol g i Tns o éﬁ?*”di\‘é%‘? Hator Y 2,412, 209

(Kai ser et al) both describe a hydroform ng process

for formng r e s o2 0 Qdr 8SE CAYI:

appar at us i n@\@%ﬁtﬁ?ap%tu eAfjgﬁcp?lggeggi %’4?9%& gg%%%(ﬁ ﬁtgal) and
f | cenpdeam Matanh eApplidstioot Nd. 1204 12,200 rBhisenia galpriatie sdescribe a
t HGH 2 Whi S helical .l obed

pﬂq (i ?‘g on gg%rt%%%fsﬁér fo%gr%g S at%PogE@beaﬁa % FQETSTY g cavity apparatus
sunfwbih Thabe ipalaend iapphydefirernsg dntrenpid tieenasibijédled to a

odinent of a.,stator tybe in.which e t or
t O R e Bhisr o nichhi ubeleeh hed ot
wedtl dthe itso thnee ndurfabe WihidCiis tdiferS bpiffde! NS Rhtdr® applications

omtted., Electrofarmng i.s effectively a_variation of
a c:é) HW?FO% n waﬂeén em%odlment o? a stator t¥1be in which the stator tube is

mounted inside a support housing and a thick walled embodiment in which the

support housing is omitted.

Electroforming is effectively a variation of a conventional
electroplating process.  Both electroplating and electroforming involve
clectrodeposition of metal onto a cathode in an electrolytic cell. However, while
electroplating typically results in the electrodeposition of relatively thin coatings
on a supporting object, electroforming can result in the electrodeposition of
much thicker coatings which can exist as a self supporting structure. As a result,
electroforming may be used for the production of metal parts which must exhibit
structural strength and integrity. |

In electroforming, a conductive mandrel having a desired mandrel
profile on its outer surface is first provided as a cathode in a suitable electrolytic

-9-



el ectropl ati ng process. Both el ectroplating and

el ectrof ormi ng i nvol ve el ectrodeposition of netal onto
wa2@anher in an el ectrolytic cell. However, wnCT/€52007/002076

el ectroplating typically results in the

el ectrodeposition of relatively thin coatings on a

supporting object, electroform ng can result in the

el ectrodeposition of nuch thicker coatings which can

exi st as a self supporting structure. As a result,

S AT AR S0 B S PR L s
| Ntligkndsy and Thel Setmaidrenisngparatedofsiiiahé depasited medtal, leaving a

havi n Si mandr el roflle on its outer s

i's “?‘?t%stSh%? Wﬁ]&g&wag BEOBle ot INRT SUrgene B mdicies & mandrel
el egdfiel yticcell. Metal is electrodeposited onto the

outer surface of the mandrel to a desired thickness

and then the mandrel is separated fromthe deposited

netal , | eavi ngyasdiRd ﬁjland&heﬂrb e‘éhﬂféhmaﬁ&eﬁrr&ryoﬁé %%m?eﬁed from

its inner surface which matches the mandrel profil
Fothesdepositedh aratal $rply by §xtr@ﬁ@1mﬁ\qdnémdrnla§r0@ethe deposxted metal

SERA&AL Pgr Sﬁlgp}rltaﬂ&r ?gﬁﬂ?bg Gﬂldﬁeﬁcﬁho%ﬁ ?1|1tyex}1?x¥zct1 n oﬁt}1e mandrel,

extracting t romthe de nmet a
Fo rthmmdrehmad'rt@l sqpatafmd ﬁgmmhcmpqmtedonetpbbmeltmg the mandrel,

A e A g S S RN
mandrel , by dissolving the nandrel or by othermﬁse

dest royi ng thﬁleg?gﬁ%rr%m&e aVI eOng] enat*l es}%a?leces having

production of
shapaplexh mﬁhrm[h}shapdfse wihiicte nsy d)ltl’ﬁérwml be tdlfﬁcult to manufacture.

ma ure. med net al i bits .superi

e e RSl Tipele B4 b ED dRnge electroformed
depesilt &d dbpibdlt@ﬁ eins lalyetsh vatt ul iy @é@él@p@ﬂ fiden gralned structure.
grained s ruc re. Finally, elg‘gtrof mngls ver

or SR, SlRARRBRTH e oYY ST e T igPEAduce the mandrel
pr pfdfle Mi’tﬁ&l%il'ekﬂctgx a&itiuyut et diRikcafd %n& rﬂlhtﬁhﬁﬁﬁ v@f‘éim may be
di stortion which be associated with other

f oPFRCAkHIde PHHY d?u‘é‘% m@tﬁl hopmingy dechniuest suRki Ay, castmg, stamping,
r okd1tiRg, drévaid, BRru@Xklettdi Ng etc. Because

electroformng is effectively an el ectropl ating

process, the selection of the nmetal to be deposited

and the conpafigah& BleckBRorRiREid ef¥lthily an electroplating process,

the selection of the metal to be deposited and the components of the electrolytic

cell (including the electrodes, the power supply, and the temperature and
composition of the electrolytic bath) may be made in a similar manner as in a

conventional electroplating proce;ss.

U.S. Patent No. 4,461,678 (Matthews et al) describes the
manufacture of a jet pump using an electroforming process, in which the
electroforming mandrel consists of a mandrel assembly including a plurality of
interconnected forming mandrels, which forming mandrels may be disconnected
from each other in order to separate the mandrel assembly from the

electrodeposited metal shell which results from the electroforming process.
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cell (including the electrodes, the power supply, and
the tenperature and conposition of the electrolytic
whaiok)porrey be made in a simlar manner as in aPCT/US2007/002076

conventional electroplating process. U S. Patent No.
4,461,678 (Matthews et al) describes the manufacture

of a jet punp using an el ectroform ng process, in

whi ch the el ectroform ng mandrel consists of a mandre
assenbly including a plurality of interconnected

form ng mandr.el s, . whi f ' ndr el ' e . .
di scongect ed Iﬁl’%rﬁ"‘éeé‘é ﬁ%tq:‘gig’&% g?% k %) gg%ﬁ&’&? 8 TeRi¢ tooling
MaResREs AhiBNRtesriteO B RedbaR ITINHRP0Si(BEH) Withadledivdbiming t
mh?ch r%sults ;%%élthe elgctrofprnin (ropés ,U‘;. l?g °
PaPEAHticRGTet] 505 SRrIvding Tgolde. ey, HESElePBisel displgeg machining

L OQEDRY) DeOESEs. WBbEd fdafoal Albeitat i fitst aRE@RMproduce a rapid
fabrication (SFF) with electroform ng to produce netal

t oBreolyRiIEasHT AsKdda confasming aaods. eq@tlwt&fprrwmgpiﬁ dpgfe used to
m%gcﬂb@&)&ﬁmla%reﬁ RRA8SontoOthk Grabl g;f'&ﬁf_i?pfr%bfﬂagé?'t@ Norm a
is Tirst 'used to produce a rapid ptototypi'ng master .
angathodorsholl ramthearapite praibepingommester.ndFinaily, Hbe regiddprotetyping
el ?l?zfs{e?que%’%\ledq:r&ﬁ¥ﬁé qFa%oc{EEsth@h. onto the rapid
prototypi ng master to forma cathode shell on the
rapid prototyping naster. Finally, the rapid

pr Ot OLYPI NG g ot S, efBua { WML 16 LA ROME 308! buggest or

The prior art SVHtesTr |

suggetsinptate clontengl dédrdfomming doothe ahanifaaier ofi stgof mbes for use

the manuf acture.of stator tubes for use in progressing
ca%?ﬁ?%ﬁ%ﬁgy a&m The present invention is
directed at a nethod for use in producing a stator for
a %éﬁﬁéﬁéﬁiﬂg cavity apparatus. The present invention
S cted at a stator tube and at a stator
conpri si ng a BhépRkeritilventidn iBiRede®ht 4 ARNJIVRBUEOM producing
i nvol ves _the use aof electroformng to produce a stator

t UBSREHIOT HPIPZHOSHDS S Y IMNETANY ehitg BiFSTRLyNYSAtion is also directed

CORPs kGRA tibhe AU & £&CPEORPBEANHERAIMuBE. @ deposited
netal. The stator of the invenfion is conprised of a

stator tube which may be conprised of an el ectroforned
deposi t A method of the invention involves the use of electroforming to

produce a stator tube. The stator tube of the invention may be comprised of an
electroformed deposit of a deposited metal. The stator of the invention is

comprised of a stator tube which may be comprised of an electroformed deposit

of a deposited metal.

In one embodiment, the invention is a method for use in

producing a stator for a progressing cavity apparatus, the method comprising:
(a) providing a stator tube electroforming mandrel;
(b) incorporating the stator tube electroforming mandrel into an

electrolytic cell so that a cathode of the electrolytic cell is

comprised of the stator tube electroforming mandrel;
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of a deposited netal. In one enbodi nent, the invention

is a method for use in producing a stator for a
wQ@r@gnerst ng cavity apparatus, the nethod conpPCEHURYNT/002076

(a) providing a stator tube el ectroform ng mandrel;

(b) incorporating the stator tube el ectroform ng

mandrel into an electrolytic cell so that a cathode of

the electrolytic cell is conprised of the stator tube

electroforning mandrel ; (c¢) electrodepositing a

t hi ckne osi t.ed

el ectr oi@r gﬁ ?Fﬁﬁgqoesfmé%a akrf ?:t0 r of oP gﬁ%d'% 2l %?% the stator
(d) renoving tﬁmelsét&ifomhlghﬂamirdczsranfedﬁdmlﬁ@rnmdmhpeklt
fromthe electrolytic cell; and (e) separating the

stator tube electroform ng mandrel fromthe

el ect r of@y nedesiepRgi tthe tdwtbe byabpr edsebREmEnS tidbadrel from the
tube, wherein the st ator be is conprised of the

el ect r of or medlFdpbdictcellag®d her enbodi nent i ncl udes a

stator tube for a progressing cavity apparatus,

wherein the stator tube is conprised of an
el ect r of®r nedeprEpbng t thef statatepibsi rlagtipfarg)ing vgendrel from the

anot her enboddE@ikoril Héﬂ%%ltatt%}&{)f)ﬁrofd%mg P Eﬁ%feﬁﬁé ng/herem

caV|ty appar at us, the stator co ising a stator tub

conpri si ng aﬁh@stetwmdimmmp@egbgf ﬁle@iecmﬂ@pm dePGSlt

netal, wherein the stator tube has an inner surface

and vvherei n the i nner surface of the stator tube has a
helical | obeoPdthb@ pmbbdineent 'Ii'heluydc?o@r stefirnigibe afipirt a/ progressing

ap r

[ ng utg} gé\;? ntlg};lgaq?}tgF %( ?B%)%o‘p %ﬁh{,f&l o?le?tcrec’fomed
V\hﬂ@ﬂﬂ)SltS)fdl(EpOSltﬂdehhl n a st ator havi ng a hel i cal

| obed stator profile. For exanple, the progressing

cavity apparatus may be conprised of a progressing

cavi ty notor Yut adofhed gmesdintgt @rwhildeﬁ apslﬂditbr fo'theprlogressmg cavity
not. i ncl ude an

sin cav ty appar.at us
C! G el RincABBRTEs T U TUHR SoBasEG 8n of Syigormed
r Odwo_sﬁr‘df/a)ﬂeﬁdmﬁeh&nétﬁn 8Fherein the stator tube has an inner surface and

wherein the inner surface of the stator tube has a helical lobed tube profile.

The progressing cavity apparatus may be comprised of any
machine which includes a rotor having a helical lobed rotor profile which is
disposed within a stator having a helical lobed stator profile. For example, the
progressing cavity apparatus may be comprised of a progressing cavity motor or
a progressing cavity pump. |

The progressing cavity apparatus may or may not include an
elastomeric lining applied to the outer surface of the rotor and/or to the inner
surface of the stator tube. For example, an elastomeric lining may not be
required if the stator tube is sufficiently elastic and resilient to be able to
accommodate the complex motion of the rotor while still permitting an effective
seal between the rotor and the stator tube. The progressing cavity apparatus may

include an elastomeric lining and preferably the elastomeric lining is applied

directly or indirectly to the inner surface of the stator tube.
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surface of the stator tube. For exanple, an
el astoneric lining may not be required if the stator
wo aiws/opesuf ficiently elastic and resilient toP@EUSINE002076
to accommobdat e the conpl ex notion of the rotor while
still permtting an effective seal between the rotor
and the stator tube. The progressing cavity apparatus
may i nclude an el astoneric lining and preferably the
el astonmeric lining is applied directly or indirectly
to the inner urfa e of. the stator_ tube. T

el astoneric I ﬂ’ﬁ‘}?nﬁeh‘b‘aﬁptpf‘%eboe S?mglﬁls G aP}yaP_m(_t)ernal o
C ogHM BiAki G opfnataiaw which atbisGitatas &@mbﬂhhgea frmnent lining for a

providing a resilient linj ressing, cavit
apPREERSEIES HEY FRRAT BN i Eﬂ?g eﬁﬁ ‘ﬂ%‘y? 6‘?‘?6'9 Pg spmrised of
ruRipBEr. THE rittRP afay By cdifp RN asﬁlﬁhlefruﬁbétl rhatetial whlch in turn
rubber material which in turn corrprl ses but %dl ene

acesmpmsesr butadieser gB8 e FCRPATRIIG o i JWRber  avhich Compnses the
el é%gtgﬂ:%h'c qlrhl:;]@ingg b%%o%oﬂemﬁﬁér mpound Mageh may also be

also be conprised _of one or nor
r eq:qxfxpmsndn of reme et miose rgm@rﬁgmgag@pﬁrgals, FOEWERERNLT S‘accelera‘cors

Sﬁéf&k &She. €tc. The progressing cavity apparatus may
a conventional progressing cavity apparatus in

V\,hl ch the |nner surface of the stator tube has a

subst anti aII Iapltrg equlg# F%ﬁﬁsp{??%“\t/ak% dﬁg\é Egt ”I:%nvenuonal

hel i cal Iobe y by t
pr pn‘dglressm‘g ctdvayenlppsﬂanmem which rthe gnnerisucfaen of theastator fube has a

t ubes cony.enti r oQr essi.n a

R R DB BB, 68 b RBA e rosic 5
copmmddombly@nmfeqﬁbﬁre mttﬁ&tlkmiﬁenwhhhag. hHomesaet, tstator tubes
that electroformn not provide gﬁeat benef i

NPT SRR BOTAPS, b Pt OHaeD Sihple to
Pr aghefsstie Ay t¥napbiehal HenuftbtrgogicaRRis gnﬂﬁ‘ﬂhd yesult that

apparatus may be a hi gh_ performance 0 res
Bp F%?éj? q‘gyWﬁV @nt Pﬁ)g( b Fapt gﬂﬁ%&c@pﬁ %? %lecﬂ% tatXr tubes
t uRf dadeidil pioateshiab %ﬁv&;u Bspapatadi | e, since

el ectroform ng may greatly sinplify the manufacture of
such stator tubes. The outer surface of the stator

tube may haverg Bf‘dg!ré“s@ingl eRad B t%&&hﬁ@ mi Qfenﬁrlf’i‘ilghYperfonnance

cylindrical profile, sone "o profi I n any
evEYREressing Qﬁyttyrapmnaﬂ@d@ whichtihe M@ﬂrfﬁ@ﬁaef the staor tube has a

el fOHdPT RbTE Nthbe profile, since electroforming may greatly simplify the
manufacture of such stator tubes. The outer surface of the stator tube may have a

helical lobed profile, a generally cylindrical profile, or some other profile.

In any event, the outer surface of the stator tube electroforming
mandrel has a mandrel profile and the tube profile of the inner surface of the
stator tube is complementary to the mandrel profile so that the tube profile is
effectively defined by the mandrel profile. For example, if the outer surface of
the stator tube electroforming mandrel has a substantially cylindrical mandrel
profile, the inner surface of the stator tube has a substantially cylindrical tube
profile. Similarly, if the outer surface of the stator tube electroforming mandrel
has a helical lobed mandrel profile, the inner surface of the stator tube has a
helical lobed tube profile. In one embodiment, the outer surface of the stator

tube electroforming mandrel has a helical lobed mandrel profile so that the inner
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mandrel has a mandrel profile and the tube profile of
the inner surface of the stator tube is conplenentary
wao ooo8he2emndrel profile so that the tube profiP€r/US2007/002076
effectively defined by the nmandrel profile. For
exanple, if the outer surface of the stator tube
el ectrof orm ng mandrel has a substantially cylindrical
mandrel profile, the inner surface of the stator tube
~has a substantially cylindrical tube profile.

Sim I i

o S DS UC 0 A BRBL S8 K Bfrtementary
prioftht belit¢dh dobedneandrelrgrafile. of the stator tube has a

helical |obed tube profile. In one enbodi nent, the

outer surface of the stator tube el ectroformng
mandr el has gheeldepaditetlobedalmmdr ede oddprisedsoft it metal or

the innersurface of the stator tube has hel i cal. .

| GERAPIAGHER 9 SRFIRE. WACBHIRG e TGRSy ©op pitired thickness
hebnte athe | eh6 nidt BlebiroRi@fig Mandite sd@PRRIched siethple (dBY to its
be conprised of any_netal ,or conbipation of netals

m%*wmiﬁ%}ymwéorew@@iq%b REPSHHash dor Bsealty 2 §igiardybe-hiFek geagple, the
Ongdpokited Mehiohal HaCcoRhyftfded Qa_‘f%pbglg W,rﬁkoﬁ%y\&m and/or

is suitable (due to its chem ca f physi cal )
prdpuist sadyinme these mptaly. sileodenasbed mefel axainpe ccompyised of
degaspiet, St cRE! @a/amy PRt hickd|.C

chrom um c%%b% t and%r&gﬁ q%lygeég’é’%%%?g@gg ntx%%ge@e exefmpl.ary
metligyswhithamae po shitekle fer uge arihetsispesitadrinstall imthe invention is a

c , d . L ni ng copper and/ or
n?@gg%l.co%h@%gé}é?rp gfrhgn%llﬂkg%isd\rl\lgi%ghﬁl&fay be suitable for
use as the deposited netal in the invention is a

ni ckel cobal tyallo nt ak.Ni n i ckel and cobal The .
el ectrol yti ctTél & ﬁl?c\{ﬁogﬁfcu%ﬁlnh bnc?'f](gn% glﬁep%%“ ?Sé%orb?% Ehﬁedewdytm
el teth rankdythe canbdé hisasetectduetoabo® demphtbleel il ttkRel choicbef deposited
conFtaii blle with the choice of deposited netal. The

stBtSl tube el ectrof orm ng mandrel may be conprised of

any mat'erial or conbination of materials which is

suitable for _yse as a.,cathode in an electrolytic cell

which is sui'frZ‘BIS?t‘P’bPle§ chreformypgmndrs) mupbe peipRgsed of any

Strbetidl 6r EthbinBBosl 0P afkdrRts WRI is sBishIMGCEeCAN Efhode in an
ssﬂ@ar ated fromthe el ectrofornmed deposit w thout
S

Yt eels vtk syteblecfor e ey » fempRIANCRIPESTting structure for

the deposited metal, and which can be separated from the electroformed deposit

without substantially damaging the electroformed deposit, &

Depending upon the circumstances and subject to the above
criteria, exemplary materials which may be suitable for use in the stator tube
electroforming mandrel include metal, plastic, wax and wood, as well as
combinations and composites of these materials. Exemplary metals may include
stainless steel, aluminum and various alloys. Exemplary plastics may include

thermoplastics, poly vinyl chloride (PVC), polystyrene and polyurethane.
Suitable materials for use as a cathode in an electrolytic cell may
include a conductive material or may include a non-conductive material which_

has been surface treated to provide a conductive coating.
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Dependi ng upon the circunstances and subject to the
above criteria, exenplary materials which may be

waeiosabl2e2 f or use in the stator tube el ectrof oPOi/I§2007/002076

mandrel include netal, plastic, wax and wood, as wel |

as conbi nati ons and conposites of these materials.
Exenplary nmetals may include stainless steel, alum num

and various alloys. Exenplary plastics may include

t hernopl astics, poly vinyl chloride (PVC), polystyrene

and pol yur et hane, Suitable materials for use as.a

cat hode i n arSwiable mateyiplscfor 85 a%ajernReragy supporting structure for

I d é‘t@nl hich
'i}ge%éad m%dﬁﬁﬁ@i 1idly RE1RY% hieHIAS & cBRbitHABH W ihMerials whic

as been surface treated to provide
c ohdu s fficient carengd. s rigdliey teasenmont e depqsited gaetal While it is

t e%@%“ %‘iéég%‘d a;? t‘eh %thfﬁl% Wkl tﬁbniefec&&ﬁn%?f%hﬁ&% met al
material or a conbination of materials

vvh| ch has sufficient strength and rigidity to support

the deposite

onto the stat ‘f%t%ﬁ%%‘wgﬁ“é‘gst 0% of %F? 5{%;{‘81‘ ﬂg es‘f%t&oél%%%b&%%mmg

Matngmided] Sfrérar the @aﬁaifomedo«ﬂenobﬁ are atependanb qapon the proﬁle of the

el ectrof orm.n ndy el | ect r.of or

ar SR MRG S ’ﬁn’t"ﬁemﬁ?‘g"n‘ g&ﬁ © FRAIRS, SHOY g‘g’g Hd' thus the

el esdnhef O Wwhithy thiBnRerel tuba dldctioforadng hiangdred taiso be tseferrated from

and tqus t he manner |n whi ch the stator tube

el &g Flgpninimed el must be separated from the

el ect r of or ned dep03|t If the stator tube

el ect r of or ni dl% mandr el can_be separ at eng romthe
el ect r of or medtdbpstater B&?ek?é‘?"r‘?@ PRIPG ARRFIPY €A P geparated from

el grd LRIALIhededPslt BY bER! ARG RInPihdRRchO¥IriEd deposit

either the stator tube eI ec rof orm ng mandrel or the

eI avithoyt demegingeyslestroying sither-the stateipibe electrodgrgring prpndrel or
ﬂf.; Sle #?ﬁed: %g&gly%%d tgforaamat eleb@bto w@h@ fiflire] may be

tand the extractron he stator tu
eI mnﬂmfrﬁgmamm whichaganovithssarnsktpa extraetic: om t he
el ectrof orned deposit w thout damagi ng or destroying
either the stator tube el ectroform ng nandrel or the
eI ectr of or ned[fdmposfattor tube edﬂcabﬁmningeneﬂlcbet mtﬂxmtnbm geparated

be const,ruct ed & mat eri al
ct ataF B R FRPT B iRy e, Bt a4 Pl e staor
in tubed electrofeaiiag ainanddet cﬁ‘t dfeoleldettibformed deposit, the stator tube

electroforming mandrel may be constructed of a material such that the stator tube

electroforming mandrel can be sacrificed in order to separate the stator tube

electroforming mandrel from the electroformed deposit.

In such circumstances, the stator tube electroforming mandrel
may be dissolved, melted or is frangible so that the ‘stator tube electroforming
mandrel may be separated from the electroformed deposit by dissolving the
stator tube electroforming mandrel, by melting the stator tube electroforming

mandrel, or by breaking the stator tube electroforming mandrel.
The stator tube electroforming mandrel may also be collapsibie or
may be comprised of a plurality of mandrel sections which are independently

separable from the electroformed deposit.
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el ectroform ng mandrel fromthe el ectrofornmed deposit.

I n such circunstances, the stator tube el ectroformng
worasvdogl2e2zray be di ssol ved, nelted or is frangi BEEUS07/002076

that the stator tube el ectroform ng mandrel may be

separated fromthe el ectrof orned deposit by dissolving

the stator tube electroformng mandrel, by nelting the

stator tube electroform ng mandrel, or by breaking the

stator tube electroform ng mandrel. The stator tube

el ectroform mandr el al so, be col | apsi bl

be conpri sedqgf SOy FRReGL %’5‘? 23] tﬁﬁn‘a'?péﬂsng(gc‘flﬁﬁﬁslsm?ﬂn&%wed of

ar eopprdepiereleaid/or separ aldre aﬁbmdxhanﬁige pef aﬁwad mckel For
deposit. I n some enbodi nents, the depqgsited net.al

coﬁis?mgl@d the qepapisd mgtak spaya he/ eemBrgedsof brikg] ?fgksalt alloy

CoRbAdafHi nﬁfk@pﬁﬁd %BQAI@V WeC&%r iy el%ﬁﬁm%ln%mg Hﬁmdrel may be
deposi ted net al rised of a nickel cobalt

al BeRaresd mrh?gel?ﬁtwi@rm nost Bytdissphdng prmsiting fhe stator tube
el efbtBfdfih ) dniRieY el Tﬂ@ystasr Staeéraéaiﬂofa tt’r?afr]xdrel may be

el ectrof ormed deposit by dissol ving
st a¢rarated Heore|the temfr@fqmw deposit &y, mvhmgs matwirlch gbge the stator

el a@fe Q!‘egt%%gﬂ &{é%o& %Xu#ﬁ?bec’ %Bﬂ'fp?lts V\ﬁ offraP %&té}?al (which has a

el ectrof or ne
st fawer tmeléing| pomnt othanmthg nlanwcbhnsdthodbpbshte cdﬁpr weor tube

o TS A % Yo AT s i

mand abimmyl wel/goas nllog ventadfing atumtianing widetb staterial dlab . much

co S of alu um and/ ar _an al l.oy .conf ai ni n,

o TR et DRl e, BRC 68 ocRors cHoYaIEH Mgt gpot all alloys
pocottaidianthebametds. copper, nickel and nost if not al

aIons contai ning these netals. The thickness of the

el ectrof orned deposit is dependent upon the

requi rement s Te thitknsés2éOthe lele@ofdithed®posit is dependent upon the
el ectrodegosn i on I|mtatée| ons of the chosen deposited

et guIreRenty pY fRe skalg apfdhe| LEFFSBPHEEM depigiens of the

Wi b]lmg*eﬁla@ ddteDRN&a2 reI atively constant thickness,
si nce the el ectrodeposition of the deposited net al

onto the stator tube electrofornmng mandrel wll tend
to be relatival ¥ RME&anfple,dhe electroformed deposit will tend to have a

relatively constant thickness, since the electrodeposition of the deposited metal

onto the stator tube electroforming mandrel will tend to be relatively even. As a
result, if the inner surface of the electroformed deposit has a helical lobed

profile, the outer surface of the electroformed deposit will tend to have a

matching helical lobed profile.

If a helical lobed profile on the outer surface of the stator tube is
not desired, the outer surface of the electroformed deposit or the stator tube may
be formed into a substantially cylindrical shape or into some other desired shape
by modifying the outer surface. The outer surface may be modified either by
adding material to the outer surface or by removing material from the outer °
surface. The addition or removal of material may be performed either before or

after the stator tube electroforming mandrel is separated from the electroformed
deposit.
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result, if the inner surface of the el ectroforned

deposit has a helical |obed profile, the outer surface
w@pooslog126t ect r of or ned deposit will tend to havRCHUS2007/002076

mat chi ng helical |obed profile. If a helical |obed

profile on the outer surface of the stator tube is not

desired, the outer surface of the el ectroforned

deposit or the stator tube nay be fornmed into a

substantially cylindrical shape or into sonme other

desi red shape by nodifying the outer surface. The

out er surf acagyalydnan dpe | wEaved h&ionythgd Uiy surface of the

ﬁaéleéﬂr@éonhed {850 f)ﬁ%ny%ﬁitﬁﬁl‘éﬁn&ho@ku&ﬁ gPYérrEQ:afF%tl%?ﬂl Blachining

fromthe outer sur The additi'on or renova .
mather puter ﬁ’asfactsfe B Hicopwted suifadreof e elastroforafededepolis is to be

st ] [

¢ negfinkd, o bRt BEThe Y RaNiEed SoREREIR b Pfficiont to
t hacoommodaw stcicmachiningearel tegirowiderar desited apposingl digmatey of the
Su'tﬁgyﬁ?”EthOd such as for exanple by machining the

oufél %ace. If the outer surface of the
el ect r of or med deposit is to be nachined, t he thickness

of the el ectrpforned deposit be ficient to .
accommuodat e §§%ﬁ SRR 9% lﬁﬂﬁ ? %@F%ﬁﬁ%egﬁgP&@ch(wpogt
noghdiMd bdi aurdtient eb thzttethst AAOF thibeOill ARive & eREi@d strength and
exa .e, t]Ee t hi ckness. of the el ectroforned deposi.t

sh6‘§ ityhe K uthei Statont WUl noh s¢ompprises pa FPortime Sigtey hoyvigs, the

a ER6EWbIBE8 d&ydgi Nkl rded et Yenoubht &ie ﬂsitathy sWitdd tube has
not conprise a supporthrl%ost at or. housi ng,

eI sefficmd r stenetie i mEdibuI e pathstindk %oﬁgﬁ%% appligd to the
ogr@gsﬁ{ day aﬂ%ﬁ’aﬁgffl cient strength and rigidity

to mnthstand the stresses applted to the progressing

cavity apparatus. The stator however, be further

conprised of g, SupRPLLI b A t

stator tube is nogt%te'?g}f]% et"gubpé;ort.eﬁg"’?ﬁ’éfsgé of'd'Supporting

hostgtondrousingishdhastthe statoc@uhmsswmectupt}b@ wupmﬂmg atator housing.

ho re the Iectr

deﬁitglggtartépg%r%&?é& a stgﬁé%lt?lénsﬁ%grs uousm n% requ ri%d(%ﬁnﬁness of the

hoal';cnngfome@rdnpodlednawtwcée$ hihas u;fpmtsupgoﬂir@t stator housing is

hogl%vugedms‘%cg e’ Isu%%o?tmg SHhtof hggsrntlg ?Ipayoprov%e all or a portion of the
required strength and rigidity of the stator.

Furthermore, if the stator is comprised of a supporting stator
bousing, the stator tube may optionally be constructed as a “thin walled” stator
tube which can accommodate some or all of the relative movement between the
rotor and the stator, in which case the tﬁickness of the elastomeric lining may be

reduced or possibly eliminated altogether.

If the stator is comprised of a supporting stator housing, the stator
tube may fit closely within the supporting stator housing so that the stator tube is
directly supported by the supporting stator housing. Alternatively, the stator tube
may fit within the supporting stator housing such that there is a clearance

between the stator tube and the supporting stator housing.
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required strength and rigidity of the stator.
Furthernore, if the stator is conprised of a

waappossng stator housing, the stator tube mapCT/US2007/002076
optionally be constructed as a "thin walled" stator
tube which can accommopdate sone or all of the relative
novenent between the rotor and the stator, in which
case the thickness of the elastoneric |ining my be
reduced or possibly elimnated altogether. If the
stator is co&r@i sed of a supporting stator housing, .
the stator t f@lers fube anay dley mountadn withén dgp sBpRarige stator
st ﬁ@)ﬁ’é’mé‘ﬁyah)n Suitb1d Rahndherc! QMpid UPehd Stafbk 188 {sho fit closely
supported by the supporting stator "housing.
Al wethimtthe efupporting sfater drousimge anmses$ ifit of tihtierfetenee fit may be

o1 BRAAST er bl Be QfiRRMsD 1P cloifinek IF pfovidedhetyoen the stator
st tubgranddhe :smlgmﬂing statar hougin@é_haatytdﬁubﬁ_amay bd mauniediinside the
L RRRE L8 S LR AR AP B o e

For S
W hljointt drejdnis plestivearg tisd abmpoheits iang, by usingssuifable fisteners or

interf.erence fit, may.be ovi ded t n the, .
coMPIEREE qcfrodepiatiotaisb oice B oo (cCER RBCrting stator
St hbwiing tdketigoRcht tkt)lhkejcﬁhtﬁpoﬁ((jm of @_ogdcﬂisﬁif the batdrGurfabkeof the stator
stator tube.may be nounted inside the supportin )
st ﬁ{%grmﬁotgg i“i‘&% SUTAGE LUPE SBPROTHPE stafpydiousingaray gl,so be provided
C ONABChBICRIrR Srofildd tbProvide jGIhi toMfhacilidts hifolRRingRENhe Btor tube
co%&g_g ts and by using suitable fasteners or wel ding

or

CHERORIESEHOR RPUSgt en the stator tube and the
supporting stator housing together at the joints. All
or portions of the outer surface of the stator tube
and the i nnerlnsAipf ease. @ anpdaw gpgser mpy dpesdefingd Yrvweemell or 2

MYordiofOoP thePLioh 485k Uhd I BRI Bafl ddiRid® RM A ial

] 0|¥nt s to faci ?tl tate nountin ob’ﬂtggneastra oglr%n?ubg e fateria

wi payrbet Igroduggsiointd e anmatagsphcui ogler tonpanvydecadiitiorsah support

anpyl gL ﬁft)?ﬁt%b lgee% ' . he J orna rtion.

of the é?t ator tu ltelﬁlgﬁ Lh)gggb %%@?ﬁagéslf’%t rg}l ehfggeg irr%?nal may

A 67 miag notrsubstanglallynfiyl the anmtlarogpaced i nt o t he annul ar

space in order to provide additional support for the

stator tube within the supporting stator housing. The

filler materiEie filigr mateninl magtbescdispragekdi ofl dny duitablet heterial or

anggﬁi InatiB3 6F materials. For example, the filler material may be comprised of a
resilient material such as an elastomeric material, such as for example an
elastomeric material similar to that used for the elastomeric lining. The filler
material may also be comprised of a relatively rigid material, such as a cement
material, such as for example a polymer cement such as an epoxy cement. A
resilient filler material may facilitate some radial deformation of the stator tube
while a rigid filler material will tend to inhibit radial deformation of the stator

tube.

As indicated, an elastomeric lining may be applied directly or
indirectly to the inner surface of the stator tube in order to assist in
accommodating the complex relative movement between the rotor and the stator,
unless the stator tube is sufficiently resilient to fully accommodate the relative
movement. The elastomeric lining may be applied indirectly to the inner surface
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The filler material nmay be conprised of any suitable
material or conbination of materials. For exanple, the
wo pooBep126mt eri al may be conprised of a resilieP€T/US2007/002076

material such as an elastonmeric material, such as for
exanpl e an el astonmeric material simlar to that used

for the elastoneric lining. The filler material may

al so be conprised of a relatively rigid nmaterial, such

as a cenent material, such as for exanple a polyner

t Sy ch as.apn epax Aresilient fi r C .
e e afeterly 57 b PerRdh oo i AP TRP R PHA Sreverrich is
st pkéted wWhBinak keter tibgi d filler material will tend to
inhibit radial deformation of the stator tube. As
i ndi cated, an elastoneric lining may be applied

directly or 'T’?Q'ék?s%rhéhé Hth%depﬂé&fdﬂ‘é&lﬁo ﬁl@@nner surface
stator tube in order to assist 'in accommodatin

copbthess stasdratubgesarihiasnibat clasemenn lirtivg ristrhysig tqaiechemwally
St 2 iwd YRS fm{eF Surth & g%@.ﬁof beUT FHL L ERbInkric lmmg may be
resi |ent to acconmmodate t ere ative novene

Thepmiedstoo ther irmek |smfnge wi\the stadpp hitedin auy rsetably m@nner For

BB LA L3R bt BB g s

| ntbet esingv 4 Iplramesh ewlat:htmr/oltvemenseﬂm% el &shorintoi the stator tube,

Sy P e BisHE Bt R Ty SUPLARY 11 FRET AR of e stato

phmepaidtyxeﬁ)rerﬁhﬁﬁgmﬂfomattached to the inner surface
of the stator tube. The elastoneric lining nmay be
applied to the inner surface of the stator tube in any

U| t abI e manriie. elE@d&méﬂﬁmmixfg wilh @efhe fiediEichCldbedistifor profile
ap%tjtg }loth ner rface of {he stator tubhe
“f} O SheRfi RhiheioBRy dstherEret urkcs of Hiestater fube has a
t h@ylﬁid@ib@l tubl Qﬁoﬁleni&q{dlﬁgl Rbkd @ta‘ﬂﬁ‘ ]ﬂ%ﬁfé’ will bPYEWRED solely by
the formand the inner surface of stator tube, and

eﬂﬁ?}vﬁh@ ipng, Pathhe ToRualidhaisthe ﬁ@pmsrs iofi tiryelastpmeric lining
def)v'xl[‘eva}}‘ tghS@ﬂ tl{e‘)lﬂ%ﬁ?\gr%é QfosP’ QLiibf &SuR ﬁ?g#gsn&f cavity

t he shape of the form I nner surface o

st %HR?Fattl% b masmaercﬁyrfamﬁ T(b&IStEttQm@lbp the$ alheglicalHebed tube profile,
he{He hc!ip pﬁ‘)@dsét rcﬁflgfrh%)ﬁb delﬁngg %‘?ﬁ 'bﬁetg %‘% 1951ylol3¥d tube
the el astoneric ng, w he e t

t hpokidesed by thdw@a&tbmtio hBmigs since ﬂmgelastomenc lining may be applied

to have a substantially constant thickness if the form is configured to mirror the

inner surface of the stator tube. Alternatively, in either case the shape of the
form may provide a stator profile which is a variation of a helical lobed stator

- profile in order to obtain perceived benefits of design optimization.

The invention may be used to produce a stator tube for a
progressing cavity apparatus. The invention may also be used to produce a stator
for a progressing cavity apparatus, where the stator is comprise of a stator tube.
The stator may be further comprised of an elastomeric lining and may be further
comprised of a supporting stator housing for supporting the stator tube. The
stator may also be fu;'ther comprised of other structures and features of the type

typically associated with stators for progressing cavity apparatus.
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wi Il vary throughout the transverse cross section of

the progressing cavity apparatus. |If the inner surface
w@pooslog1261 at or tube has a helical |obed tube pPCF/UB®)7/002076

the helical |obed stator profile may be defined both

by the helical |obed tube profile and by the

el astoneric lining, since the elastoneric |lining may

be applied to have a substantially constant thickness

if the formis configured to mrror the inner surface

of the stat rnatively, in either case the

s BREELDESERIPEION QF DRAWINLS; stator profile which

is a variation of a helical |obed stator profile in

order to obtain perceived benefits of design . i

opti ni zat i onEmbedimenteref de nayeionusdl pewpbsddessriped with

st I: zavit.appar atus. The

irﬁ%ﬁ%ﬁ%@?&{#&?@g%}gﬂ%& 1? %S’g‘??é’ﬁ‘%f‘é a stator for a

progressing cavity apparatus, where the stator is

conprise of a. t T . AT

conpri sed of ﬁlgw]} %P ggs osrgrg%%m{j&r?% gﬁ%ﬁgggf# ucﬁe[] ﬁc(r‘e)?lﬁgu red

c diop eleseddapbsition yEdedirofigmsngt or housi ng for

supporting the stator tube. The stator may al so be

further conprised of other structures and features of

the type typFimkd 2 Bssecheaiatit diaiwing idepitiag fthe separation of an

progressi ng, cayi ty, apparatus. BRLEF DESCRI PTI ON OF i
G RESIR o diomERiE o O™ el yUFTENTIE| AT following

degedtiddeposMidiof Bk elehoforinedidepost B BRaMyioMinl. awi Ngs,

in which: Figure 1 is a schematic drawi ng of an

electrolytic cell configured for electrodeposition by

el ect rof or M purdBOM! £ tAnkverst §REIRIHOR Qadhg @f a stator for a

deplcthg the separation of an el ectrof ornmed deposit

f ridgh aRrierreeiceaTaRiePHBE FaYly EPPATRIuE SAMIIsing a stator tube and an

el §£4:6:0680 Ufiins! VheRin iHAGNALEGHAOL OF Rt ASPRBE habY helical lobed

el ectroformng. Figure 3 is a transverse cross-section

driabe mgefele, thesewtenpurfane of Wiegiiatpe tvlsr hasne substanfiadlystyigdrical
c .Sl

o PARHK, 2R BiciAtor AL rhts 3 cBb Aty (8 ip Rt ey,
stator tube has a helical |obed tube profile, the

outer surface. t Qe .st at h hst ial
cylindrical ﬁ}‘gg‘%fl g, 1§n§ t ag&%‘%}aest%‘%%%s%c%?ﬁn?o% aIwasst;[tgr tube
s uethedtanfommain g ymendret, aptepbteidc kveas: in producing a stator tube using

electroforming according to a first embodiment of the invention.

Figure 5 is a transverse cross-section of the stator tube
electroforming mandrel of Figure 4 and an electroformed deposit of an deposited
metal, at a first stage in the production of a stator according to the first
embodiment of the invention, wherein the outer surface of the electroformed

deposit has a helical lobed profile.

Figure 6 is a transverse cross-section of the stator tube
electroforming mandrel of Figure 4 and the electroformed deposit of Figure 5, at
a second stage in the production of a stator according to the first embodiment of
the invention, wherein the outer surface of the electroformed deposit has been
machined so that the outer surface of the electroformed deposit has a

substantially cylindrical profile.
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Figure 4 is a transverse cross-section of a stator

tube el ectroform ng nmandrel, prepared for use in
w@e@mdoeizey a stator tube using el ectroform ng BCUSOTIEN2076

to a first enbodi nent of the invention. Figure 5 is a

transverse cross-section of the stator tube

el ectrof ormi ng mandrel of Figure 4 and an

el ectrof orned deposit of an deposited netal, at a

first stage in the production of a stator according to

the first enbodi nent of the invention, wherein the

outer surface of the el ectroforned deposit has a

hel i cal | obegigR¥eof it @. trdrisOstE€ chossSedtidd 818 \sedtsetube, at a third
cross-section of the stator tube_ el ectyoformn

margeen e mogwtmwﬁﬁdst@m FeinG fo e d Hoppapdimgpt of the
Fi gb@ion; wikr THRIR EdnpriRaRsfofy Celéc%f&{neﬂ deposit of

stator accordi ng to tﬁe first enbodi nent of the

i tRigmeitoand wheran the siatop tisher claeirqfamaingmaizel has been separated

eI e
G B TR GRRE bbaiRC P Bl TRCPRREC, B JAR: 06 from

swbsﬂtmfﬂmsddl@ppowl.ndrl cal profile.Figure 7 is a

transverse cross-section of a stator tube, at a third

stage in the production of a stator according to the

first enmbodi Riznte 8fs 4 ensveventrossrsectibre pthe stdter wibgtod Figure 7

ri sed of,the el rof or
i For T chsan pplv it S SPbfot g SRS ns? surtace of the
m&dmetublaast baeumtls epgae dh ek progductine of Iaextatpnﬁmqnmig to the first
dep o) ger to,. roduce the stator tube fromthe
dqﬁﬁ Wﬁ% BUPSEEPT | Figure 8 is a transverse
cross-section of the stator tube of Figure 7 and a
formfor use_in applying an el astoneric

i ng

i nner sur f acE1gHe PHE adFasyFrse GIss-sgetian phifiesh 8’E %’8 (?efrrlgure

t hﬁ tﬂé REbE P&u?é 8 Sarkf &1 @l%st@ﬁﬁa@i&dhﬂﬂ%hﬁpﬁdﬂﬂofthé $riner surface of
re

nmbodi ment of I nventi on Is a transverse

c rtbg §ta§@cwanat@f ﬁﬁh stage ap dhe ?@Bécfeﬁn #f ystetor Acconding oy thy first
of o Fb S tgoftﬂg?m%ﬁnﬁb.aSt omeric lining applied to the

i nner sur ace of the stator tube, at a fifth stage in
t he production of a stator according to the first

embodi ment Otﬁiéd?g 107 § HahFbrse cross-section of the stator tube of Figure

7 and the elastomeric lining of Figure 9 following removal from the stator tube

of the form of Figure 8, at a sixth stage in the production of a stator according to

the first embodiment of the invention.

Figure 11 is a transverse cross-section of the stator tube of Figure

7, the elastomeric lining of Figure 9, a supporting stator housing, and a filler
material in the annular space between the stator tube and the supporting stator
housing, at an optional seventh stage in the production of a stator according to

. the first embodiment of the invention, wherein a clearance is provided between

the stator tube and the supporting stator housing.
Figure 12 is a transverse cross-section of a stator tube
electroforming mandrel, prepared for use in producing a stator tube using

electroforming-according to a second embodiment of the invention.
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Figure 10 is a transverse cross-section of the stator

tube of Figure 7 and the elastoneric lining of Figure
w@2d0slopaet ng renoval fromthe stator tube of tPeT/U82007/002076

of Figure 8, at a sixth stage in the production of a

stator according to the first enbodi nent of the

invention. Figure 11 is a transverse cross-section of

the stator tube of Figure 7, the elastoneric Iining of

Figure 9, a supporting stator housing, and a filler

material in the annul ar space between the stator tube

and the suppdiigineg 13t as 0¥ transyensg, cross-agetiopt iofntile stator tube

se ' e pr fi,gn S or;d]

£ G ERESIOHRBE shibdilC o AR 18" & MAMFARREO HEHEE of an
cl depamiteé metalyrap\a fistl skegevieethe tpivedettimnosf @ gtatoraamtordieg to the
suppor ti ng,st.at or. heusi ng. Fi.qure 12 is_a transverse

cr g‘gcso pge@%bgﬁlr%?maogt %ieo Ye&t}gn’el%%??lgf 5IFerri %ugernasﬁg?% ,Of the
pr eleatrefbrined depesii Itasp lnslical logedipsifidé.or t ube using

el ectrof orm ng according to a second enbodi nent of the
invention.Figure 13 is a transverse cross-section of

thg st atlor t tiguel qgt ﬁ@fﬂfm:[w]?ﬁandiéo%k-s&ftioﬁi @ enellzztator tube
and. an el ectrofor eposit of an deposited netal, at

2 FleptpfomingmaRde, ef %m L2 2 R elsctgafa%?f derast fidgure 13,
t 0at he s8QhRINdtaga bR IthE Prodictiohe of NV &RitbORccoMIBEetd thBesecond
outer surface of the electroformed deposit has a

hePRPRRimer f Preokiveriions; Wagreini thej qutgr syrigrs,eh the electroformed
cr 93;?63’&@%'&_@:1 RachiRd 36 BiRkdd 4 8&siR0 SohdiRiIRfiheEr.

mandrel of Figure 12 and the el ectrofornmed deposit of
Figure 13, at a second stage in the production of a

stator accor ,qj?i%gxl—et s #15 HSRGRRG &P‘gs‘ggécgpﬂioﬁ gf sthiB tube, at a third

i nvention, wherein the outer surf ]
el siése oh dherprodisposiof ahsistobaceordinghionthd seoomt embddingent of the

des)| om ' I, j i -
o ShiehfiohoRheRly HATRLF tube tsbbiihrdsd|of o LIBIKARE deposit of
t h&igredidt aod wheminstthe ostatac cobeli elgettafotimgs ewmdel has been

e [ he_l.nvent | wher ej he st atQr be
o EBrER el e TR Dos BBl S ProhE e tiFbe from
13thesglectrdformedidégositst at or t ube el ectrof ormi ng mandr el

has been separated fromthe el ectrof ormed deposit in

order to produce the stator tube from
Figure 16 is a transverse cross-section of the stator tube of Figure

15 and a form for use in applying an elastomeric lining to the inner surface of the
stator tube, at a fourth stage in the production of a stator according to the second

embodiment of the invention.

Figure 17 is a transverse cross-section of the stator tube of Figure

/
15, the form of Figure 16, and an elastomeric lining applied to the inner surface
of the stator tube, at a fifth stage in the production of a stator according to the

second embodiment of the invention.

Figure 18 is a transverse cross-section of the stator tube of Figure
15 and the elastomeric lining of Figure 17 following removal from the stator tube
of the form of Figure 16, at a sixth stage in the production of a stator according

to the second embodiment of the invention.
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the el ectrofornmed deposit. Figure 16 is a transverse
cross-section of the stator tube of Figure 15 and a

wo oros091262 use i n applying an el astoneric |ini NBCT/OS100E002076
i nner surface of the stator tube, at a fourth stage in
the production of a stator according to the second
enbodi nent of the invention. Figure 17 is a transverse
cross-section of the stator tube of Figure 15, the
formof Figure 16, and an elastoneric |ining applied
to the inner surface of the stator tube, at a fifth )
stage in t heFEaeddos arirappvasserapypechiop Sf dhgfatos tihgeof Figure
secondle RAFhIRMinkle SOPiguRY Nt e sGpPstiifg LeathS héusing, at an
trarsverse cross-section of the stator tubé of Figure
150ptivhat Iseveitly stageeini thel pioduefiars ofiagsfator 1accersiing iy (fhe second
re - t . Of I [ :
ot IRS&iehe 3 HE ifkn, Gl ok RalpP RSB WREG Wibin the
acsuppditing statar Heousngoael thatbibdi staat twfe ishdirectly supported by the
invention. Figure 19 is a transverse cross-section of
t he'PRPEPE SIHEHBCYY % qure 15, the el astoneric i ning
of Figure 17, and a supporting stator housing, at an
optional sevepth stage in the production a stator .
according to t‘ﬂgeégd AdT BT ﬁ%’ﬁ“f’sﬁcﬁloﬂf’éotﬁ?\@t@?ﬂr%lﬁ? of Figure
Whes 6hd dlditonsdrad BhinUdEFighteS 1 T tas lypottibfistatdriousing of Figure
Z'UE)QO”I ng_ust ator housi ng so . that tg)% statqQr tube is
[

o4, 2 Jiflss gpateriabin the 280 FRACH PEEY St InerRSr fipe and the

Fi mﬁp%ﬁ%% ét&oahsﬁﬁﬂ%s,\a@ Lf SpGbAS TiSRE tiagh iPfhelR6d it T a stator
tube of Figure 15, the elastoneric lining of Figure

17accopding thsrserons grbedimenbokihgdnwmtipngure 19, and a
filler material in the annular space between the

stator tube and the supporting stator housing, at an
optional ei gAtignrst &e Isn & hEapyvstigCtaress-$rtion spht @p  alternate
ac (aTo TR Mo | t.n8f | t fFi

R SRRk ol 8 BB, STRAUITES anfl ind MaslpeAR Ry of Figure
al 1 &rfoowingiieisith atagenn 8fe produdiicat afra stetoe agsiording e ghe second
1531%98'& St %&’Qﬁé %@éth%ignl WA .%e gﬁt%i" rsﬁrf%ge oI" ?ﬂel MoP%ube has
thé siX stage in ebroauc:lono a stator

acbeand imaghined t dve tlsx dba chaenined dimamdterodf tthe stanaretitbicois, a desired

m%&r%n%l tdlha(;“ne grt, %vrhexselilrrl ftﬁ‘é: gutgx]f s&r a%e %tf?lgeogtattolfl ?L?beq?a% a substantially

cylindrical profile, and wherein the stator has sufficient strength and rigidity that

a supporting stator housing is not required.
DETAILED DESCRIPTION

An embodiment of the invention is directed at the use of
electroforming in producing a stator tube for a progreésing cavity apparatus.
Some embodiments include a method for producing components of a stator for a
progressing cavity apparatus, including a stator tube which has been produced

using electroforming.

In some embodiments, the stator tube is intended for use in a high
performance progressing cavity apparatus in which a helical lobed stator profile
is provided by the stator tube. In some embodiments the helical lobed stator
profile is optionally also provided by a substantially constant thickness of an
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been machi ned so that the nonmi nal di aneter of the
stator tube is a desired nom nal dianeter, wherein the

wouiendrer f ace of the stator tube has a subst apeT/851097/002076

cylindrical profile, and wherein the stator has

sufficient strength and rigidity that a supporting

stator housing is not required. DETAILED DESCRI PTI ON

An enbodi nent of the invention is directed at the use

of electroformng in producing a stator tube for a

p g%;essing,qavity appar at us. Some enbodi nents incl ude

a leBericoinipg.odn GithRy woudsoiiesnme gmbadigrets thef gatop tube has a

pr ﬁglﬁ&;sslbﬂga ¢ Lo eptgr it ol tyddg ﬁe@_asg.%s%tfaﬁggconstam
een produce I'n so

whi ch has ] using efectroform ng.
enBudinesmelostomigicdinangr tube is intended for use in a

hi gh performance progressing cavity apparatus in which

a helical |obed stator profile is provided by the

st at or tube. Reafesimgetce Figmiesndritls stdpes hiel the grothwdtiont of a stator
stator.,profile.is opti.onall | so_provided.by a .

su (téozﬁ l?' gaP) %/%g%tng?lgﬂ?m?%t c(é-ntgg smggmﬁ’ﬁ‘ef‘rgsil%ﬁ%tﬁ'c Referring to
| i Riguges [18-24t hetsgesoindshe ipfoduetion eab @dsiawiit sccobdingttdt 8rsecond

tube, h a helical |agbed tybe profjle t ich e

o BePBencty o8 b Frvenfipy Ses Agtio hiinisBbE i raedinent and
|'i tHengcomebmbodingent @rd-sigtila@ $n dnahyrespec®y ey répieBént at least two
prggﬁjf‘%tl on of a stator according.to.a first enbodi nent

of SHffEent Rxemplasy Passiblg @ppligatigns pEtheipyemions Fi gur es

12-21, stages in the production of a stator according

to a second enboedi ment of the invention are depicted.

Al t hough t he IRikigyre dnagskiFigirs 2.angenerd method @f electroforming and

enp %gﬁéfB!pr@fa%u§fo?ipEﬁBrﬂ1ﬁ]g%roT@x§rﬂﬁ§ défli‘@Xd schbefnatically.
represent at least 'two different exenplary possible
applications of the invention. In Figure 1 and Figure

2, I f t ] .

appar atus for narns & FEF 1 GO A0t BRISS Brovidea for

schetienming| thy . elgutafprming. t Thei glacteoltic amelle(20)t noludes a power
: ) : ‘h

ol Sipphfa ot Y it S BhbT, BpdiGen betyopn g sathpde 24)

poewst as apgley(20P 2)d whidhi prevides arvodtage powatialvdifferencs between the

COBRREIEG P I BRUrBaE Phg)00e (24)

In electrolytic cells generally, the cathode (24) is conventionally
considered as the (-) electrode and the anode (26) is conventionally considered as
the (+) electrode. As a result, the anode (26) is more positive than the cathode
(24) and electrons are constantly being circulated by the power supply (22) from
the anode (26) to the cathode (24).

The electrolytic cell (20) is further comprised of an electrolytic
bath (28) which provides a return conductive path between the cathode (24) and
the anode (26), so that the electrolytic cell (20) forms a complete electrical
circuit comprising the power supply (22), the cathode (24), the anode (26), and
the electrolytic bath (28).

The cathode (24) provides an electroforming mandrel upon which
a selected metal may be electrodeposited to produce an electroformed object.
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and an anode (26) and which provides a voltage

potential difference between the cathode (24) and the
w@emdeo226). In electrolytic cells generally, P¢EUS2007/002076

cat hode (24) is conventionally considered as the (-)

el ectrode and the anode (26) is conventionally

considered as the (+) electrode. As a result, the

anode (26) is nore positive than the cathode (24) and

el ectrons are constantly being circul ated by the power

sqg l'y (22) fromthe anode (26) to the cathode (24).

Théhe prede @6y is eompiised(3fhe isglettad mindal adrhns peayidds aspurce of

el gct [ th (28) which provides a return

coﬁlﬁg$%%élgg$ﬁ bet ween the cathode (24) and the anode

(26), so that the electrolytic cell (20) forns a

conplete electrigal ¢irtcui risin h we

supply (22), Se° %cﬁ{og%tbce ?tgi?%hcé)%%gé O?fg;h?asgﬂﬂe ﬂ?@tmlyte
el whicholigbodiatbatiito( 28pns Thé cadbhode the £)ecpobiticdesthai28). The
el ectrof orm n ndr el n ich _a sel ected net

e AHoBR RS e P RAAL 5 U5 SRR AT AHERFIed to ThE anode
ob{2&yt . The anode (26) is conprised of the selected

nmetal and thus provides a source of the sel ected

metal. The electrolytic bath (28) is conprised of at

| east one el aierQbdtictytehis gBlebied 36 Ve dtibleOwdhl tAB Snode (26).
anglc tions_in the electrolytic bath s 8). The cati ons
ar

£% Wetdse theeatings pravidaieby the)cleatiplyth areuprtiong ofthe selected
at fnkad WatcH B sbhigntad o %14021@)i_epo-r']§ﬂ€d Sherhs Qhﬂﬁ%ge): t.’.ﬁll)h

sel ected to be conpatible with the anode (

ot her words, the cations provided by the electrolyte

are cations l: 6 | Y

be eIegtrodeg%;s?%Bé%ltégrl_ll?%{l _ngggigﬁg&?gﬂf%eﬁggggﬁﬁ%ﬁﬁ her
i ncqmpfised af oneer mare dnvilgtingcsivelds (BQ0Yhishysiieldf partines of the
co : o . e .

ry SpoRoE ] im0 BRcPo FRbRrk AL S SeigdeetTnbAlt onto
preerdans of dietoativdp a4t i on of the sel ected netal onto
portions of the cathode (24). In the operation of the

el ectrolytic cell (20), the power supply (22)
In the operation of the electrolytic cell (20), the power supply (22)

is energized to provide the voltage potential between the cathode (24) and the

anode (26). The cathode (24) becomes negatively charged and thus attracts
cations of the selected metal from the electrolyte. The cations are subjected to
reduction at the cathode so that the cations are converted to molecules of the

selected metal, which molecules deposit in layers upon the cathode (24).

As reduced cations are deposited onto the cathode (24) and are
thus removed from the electrolytic bath (28), they are replaced by cations of the

selected metal which are produced by oxidation of molecules of the selected
metal from the anode (26).

As a result, as the electrodeposition process progresses, the anode
(26) will be gradually consumed due to oxidation at the anode (26) and an
increasing thickness of molecules of the selected metal will deposit onto the

cathode (24) due to reduction at the cathode (24). The electrodeposition process
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I's energized to provide the voltage potential between
the cathode (24) and the anode (26). The cathode (24)

whewmsnerenegati vel y charged and thus attracts PEX/US2987/002076

of the selected netal fromthe electrolyte. The

cations are subjected to reduction at the cathode so

that the cations are converted to nol ecul es of the

sel ected nmetal, which nol ecul es deposit in |ayers upon

the cathode (24). As reduced cations are deposited

onto the cathode (24) and are thus renoved fromthe .
eI e*ailrc@mpnu@ uptl A d(eﬁls9d thiekmess o€ theogrlentedi mejal datelestredeposited
of "pOF AT MO ARG BERBHTSE Qlecpb gt el

(26). As a result, as the electrodeposition process

progr esses, tﬂﬁhmﬁdﬁ}](&@mg (% ‘f'ﬁjrrléé egﬂﬁﬂ';?ﬁ will be

due to oxi datl on an I ncr
t higehereHyg cohstamt ixcanghoudthet Mfaselaeeet eﬂ three¢athods (24), a relatively

deposi t othec;tho 2 due,t educti on a
o PR rel 3Pk DI BRE Fo bE Abettes P a8 5 Byl of (€ cathode
c orq24)nwhe1tmtdldtn&l3d aiphee dutrbitCdeneiies Qire ehperbiced,t &6 a relatively

or et SPeEte B SpPRd 1505 AP isel Bberion et e catiode (29) where

AI traleugél tloevek Mu%ﬁemnﬁﬁeé hfe ekgsiidneédr NEkkbsdepes bf relatively
?’ be general |y canstant throughout the surface

lwr aflﬁ OWEE Fgt H?’“f’%\a‘ieé?%ﬂd§@dyn the dgsigle @nd construction

t hlo@m@%&m%é l2dyend odertiS adsﬁpﬁﬂetx%an%f 8GR RO of the cathode
corners of the cathode (24) where relatively, hi

curYhsae theemwgtont densityds extardisadbchigh qy eﬁﬁwﬂm&eﬁoyr during the
r eQueaddt SSdEsdcddsl | tend to be deposited at

recesses Igt%‘ t he cgt hode (24) where relatively | ower

current densities are experienced. These areas of

relatively hi ﬂ@ﬁ:hn@%y '5%’1‘@% CUhEEe &%ﬂ%htth?ﬁnﬁsrseof the selected

considered in constructlon
caﬂmﬁi@ﬂehéazbe,enl deposiied dango ah@lcathdde €d3.uthe ofithhdwi(Ag) may be

t C t d IS
2 S5 o S AR tRSER AN 00 BABALY 4 gprrormed
el edide db@o&sﬂﬁbh ecqgnpisdof tl@éleﬁtrofngned)dﬁmgu‘.r(ezp, once

the desired thickness of the selected netal has been
deposited onto the cathode (24), the cathode (24) may

be separat ed forBigutd2, gkeeathodt g24)eld ddpjraad bs b&Ry skparated from
br %:ieu &fecfl o?rlngg tJeggsq{ ?fﬂ without damage to or destruction of the cathode
(24), with the result that the cathode (24) may conceivably be reused.
Alternatively, the cathode (24) may be separated from the electroformed deposit
(32) by being dissolved, melted or by being broken. The cathode (24) may also
be comprised of a plurality of cathode (24) sections which are independently

separated from the electroformed deposit (32) in some manner.
The general method and apparatus of electroforming as depicted
in Figure 1 and Figure 2 may be adapted for use in the production of a stator for

a progressing cavity apparatus according to some embodiments of the invention.

In some embodiments of the invention, the progressing cavity

apparatus is a high performance progressing cavity apparatus. Referring to
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article (34) which is conprised of the el ectroforned
deposit (32). In Figure 2, the cathode (24) is

wale@sotrd2 as bei ng separated fromthe el ectr of PETEN2007/002076
deposit (32) w thout damage to or destruction of the
cathode (24), with the result that the cathode (24)
may concei vably be reused. Alternatively, the cathode
(24) may be separated fromthe el ectroformed deposit
(32) by being dissolved, nelted or by being broken.
The cat hode (24) may al so be conprised of a plurality .
of Figiractea (I VeEe troiSeiReR 1PLa3e eXFaRKEN dEfeY ¢30) for a high

se %%ﬁ%%%@g%ﬁﬁﬁ%%%%&%% depeslt (32) in sone

ner. and appar at us of
el ectroformng as depicted in Figure 1 and Figure 2

may be adapt eg fd%ﬁic%eitn;ﬁigy%e 3,p{h%d§ﬂ§t5} gﬁrlégoifs &ﬂ@}rﬁ%@ lof a stator

for a progressing cavi paratus according t0 sone
entbasl (B8)tagd gih ¢lhstoinaxie hinirggn(40).n Thendastornode hmites(49) in a high

the invention, the progressing cavit aratus i.s..a
hi GEHSHPISE RIREIE PR SRECL ARpas Thdy Yo, BRRSll debending upon the
Refpesparties dOhiegtator Bibea(38Y and upos ehecovessH slesigh @nd abnfipuration

exenpl ary s or (36) for a highperformance
pr6§ﬁ¥§§% } vity apparatus is depicted. As depicted
in Figure 3, the stator (36) is conprised of a stator

tube (38) and_an el astoneric |ining (40), The ..
el astoneri c |59 Fgnple,) therelastomgrc f%i‘}Parmgv not be required if

pr ags @gasdrnﬁ;b@aoais?]xs RPREiBhtHS fRI1OAn@Nebi®iBA! to accommodate the
dependi ng upon the properties of the stator tube (

38
andPRNsHIENE 18 B§ ot (nph Shgwnh it the gtatak (3 while rpé%viding a

st ahRAbié 3621 behRErPHRBLS: anldNBe §lAK BBR W inditthE sdisthce of the
may not be required if the stator tube (38) is

sufelastaressiq liningd®Ph| dharftpxikibity anshresilisngry of tho atatas thbe (38) is
no s - (. ]l

B e e LT e e
and the stator (38), wi thout the assistance of the

el astoneric 440 Lexi bilj a . .
resiliency ofh?Ahgekgtso% ;E?%er (%ggglgg f%é‘;“;) S (%%eeﬂ‘%%rwhlﬁlbgﬁs a helical
t hdolrealt tab¢ profie.o pdttiongh saxrldbésare ldepisedaih Riperesy, aliehelical lobed
tu 3 The.stat or tub 3 has ,an,inner. surfac
(a3t WAL oL R 9 e RSP G e sator
Si xubeo(383 aloechadeni adtedsiurfackivghicke hds atsibstarfidlBacylindbiest profile.
As a result, the stator tube (38) has a varying thickness throughout the transverse

cross-section.

As depicted in Figure 3, the elastomeric lining (40) is comprised
of an elastomeric material which has a substantially constant thickness
throughout the transverse cross-section. As a result, the stator (36) of Figure 3
has a helical lobed stator profile which is defined and provided by both the inner
surface (42) of the stator tube (38) and the elastomeric lining (40).

As depicted in Figure 3, the stator tube (38) may be
conventionally produced by methods known in the art, such as by rolling,

drawing, extruding and hydroforming.
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tube profile may include any nunber of |obes. As

depicted in Figure 3, the stator tube (38) also has an
wouiendrer f ace whi ch has a substantially cyli neleT/v81007/002076

profile. As a result, the stator tube (38) has a

varyi ng thickness throughout the transverse

cross-section. As depicted in Figure 3, the

el astomeric lining (40) is conprised of an el astoneric

mat eri al which has a substantially constant thickness

t hroughout the transverse cross-section. As a result

the stator (3Jdgfemmgritguiasmen 14, hergesalarg ofsmicted apbra first

pr gfﬂblogi 1o a'(rﬁhe2 ch :g&tatﬁ(éi%§QO RAOMVERGoPYorRRE i f){kﬁlgcing a stator

i nner surface stator tube (38) and
el dert ermbighcpérforimageé 40peresgingl vy eapperatys. guflgu®s 4A¢é are all

st 38 )+ : conventional ly produced by
ne?%a%%ve&%@&oés%&h?ﬁ%e@%

s known 1 n e art, such as by rolling, draw ng,
extrudi ng and hydroform ng. Referring to Figures 4-11,

stages are depicted of firps di ment  of tho
according t oel?%%rrfnrg\/%nﬂ Sh ?’oé t%gng‘%lr%en%ro (%Sd g%cltf%a 3 Jépl%ted of a
st atator thbe ekectrofpmmbey frandreh (80)pwbigh assy be peaticed using the same

apga at us. thsres 4~%%%.are | L transveg§e . it
o SRS | WEY] Bks U far PR @ GG [ % progressing cavity
t r appatefSLineludasy teelaiigees wisich el Wt Unélvn an Bieddror tube

el ectrof orm ng mandrel (50) which may be produced

usi ng the sanme techni ques which are used for producing

a rotor for ampriRYressi BEbsdY SPPREAIMentibAC e isidor tube
tec es which are well known in the art. In the

ni q > t .
fi PECretsBERsERnds! (YHds formadiafotupium op e plumipem alloy and is
el gtdchitearfdmQ dPRRRSd vaP 052)ict thathRd 1fe hibPtubeBIQiroforming
an alum numall oy and is rmachined froma cylindrical )
bafmangps! (6¢) may be fenmedmse spglepicqetyanay be eomBPHIsad ofgp plurality

nagd 'h?ind@éogecgﬁiél t'lfsﬂ&m?fj Q‘ﬁng %81?%1{1%@ e%&lco?ofﬁ'gg%aﬁfrel (50)

conpri sed of rality of sectirons (n
shahpn ot srface(SPDublducl ewer sfrbiosi (34) hana helic{l30ped mandrel

hag, &0 rf '
S AN 95 Y M 5 A tbe mancr
| obeefilameaydapiude eny hwmbemefilebes, t he hel i cal | obed
mandrel profile may include any nunber of | obes.
Referring to Figure 1, the stator tube electroforming mandrel (50)
is first incorporated into an electrolytic cell (20) so that the cathode (24) of the

electrolytic cell (20) is comprised of the stator tube electroforming mandrel (50).

Referring to Figure 1 and Figure 5, a thickness of a deposited
metal is then electrodeposited onto the stator tube electroforming mandrel (50) in
the electrolytic cell (20) as an electroformed deposit (32). In the first
embodiment, the electroformed deposit (32) is comprised of nickel, which can
typically be electrodeposited successfully in thicknesses of greater than 25
millimeters. In the first embodiment, the electroformed deposit may be further
comprised of another metal such as cobalt so that the deposited metal is an alloy
comprising nickel and some other metal. For example, the electroformed deposit

(32) may be comprised of nickel and cobalt so that the deposited metal is a
nickel cobalt alloy.
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Referring to Figure 1, the stator tube el ectroformng
mandrel (50) is first incorporated into an

web@snyrbytic cell (20) so that the cathode (Z2BJT/0820011€02076
el ectrolytic cell (20) is conprised of the stator tube
el ectrof orm ng mandrel (50). Referring to Figure 1 and
Figure 5, a thickness of a deposited netal is then
el ectrodeposited onto the stator tube el ectroformng
mandrel (50) in the electrolytic cell (20) as an
el ectrof ornmed deposit (32). hi the first enbodi nent, .
t he el ect r of cFedledaplosined (@@pYsit 32 dragransimgen punfiask@0) with a
whi t y.Di . ctro ' :
'l ARl Whichds EOnRBIeRABRTo HeheIErEne) Hlapeet profite
fi oatthendadel smfdce (SHE oflthe tstaddrotulve celeldmdaimingayatdrel (50). As

f h,  sed of . | h | )
Bl SAPELERS £ B METUF o S SRUE i o

andubsamtidlyhwhstart tkoughont thsarpbersd dressteetionpwvith nixgresult that

deposit (32 be conpr.ised of .nic nd cohal 0

t h&P UFRE s&&%a%?@ &% e AP om et debet L3P %‘P@&é Iphgd profile
el Qﬂﬁél@fs&lfd@ﬂiaﬂ?ﬁﬁﬁbﬁes(tﬁ@}lem Igdediprofle GitiHedfifer(Oface (60) of
with .a helical [obed profile which is conplenentary to
théh%@FF%%ﬁOHPS%éEPWr{s?bI profile on the outer surface

(54) of the stator tube el ectroformng mandrel (50).

As depicted in Figure 5, the thickness of the

el ect r of or nedReEparg to Figure 6 mafsdalaist then|rymoyad tigm the outer
t hixQHgho et r s<SEEohy O | ;

oSultiey (b2 B bt e S P i, pgdiing, the outer
depugfhce (@)inherden thpravide theopleetrpforned dleppgit (32) with a desired
su i & e\t he.: I: Cq: rQfJ.|

nAer gt fan B Chs WpictP i Tk ol el (65 of e
Refelactiofisynted d@ppsitds Syubstaritiallyadylindricdle nlnr theofinsti efbodiment, the
the quter. surfac f..the el Qr epnos;i .
355 HhbAEE DB ke Sluct WMEacE BE] SPUEIRSMERRN deposit (32)
or yrmachipihgtheleutehaurdce¢62)of or mned deposit (32) with a
desired nom nal dianeter (64). As depicted in Figure

6, the outer surface (62) of the el ectroformed deposit

I s subst ant i aRkferéygd toHigufad,. the Btatdiaube eRtirefdpathgihdrel (50)

t he terial is_.renpved fromthe oute urface (62).of

t héS g%é‘ci"?ﬁrla@ﬁn%%m&gﬁ SECFEIO dkSK‘r’Pﬂsé%{ﬁz ithsreﬁm%fﬁicgfg a stator

SURAIREE 8) Swherein the stator tube (38) is comprised of the electroformed deposit
(32). Following the separation of the stator tube electroforming mandrel (50),

the inner surface (60) of the electroformed deposit (32) is the inner surface (60)
of the stator tube (38), and the outer surface (62) of the electroformed deposit
(32) is the outer surface (60) of the stator tube (38). As a result, the inner surface
(60) of the stator tube (38) provides a helical lobed tube profile.

In the first embodiment, the stator tube electroforming mandrel
(50) is separated from the electroformed deposit by melting the stator tube
electroforming mandrel (50), which is made possible because aluminum and its
alloys generally have a much lower melting point than that of nickel and its

alloys, such as nickel cobalt alloys.

Referring to Figure 8, a form (70) is then inserted into the stator
tube (38) to facilitate the application of an elastomeric lining (40) to the inner
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Referring to Figure 7, the stator tube el ectroformng
mandrel (50) is then separated fromthe el ectroforned
waeleesd 26y 32), thereby produci ng a stator tubeP¢B8%2007/002076

wherein the stator tube (38) is conprised of the

el ectrof ormed deposit (32). Follow ng the separation

of the stator tube electroformng nmandrel (50), the

i nner surface (60) of the electrofornmed deposit (32)

is the inner surface (60) of the stator tube (38), and

the outer surface (62) of the el ectroforned .deposit
( 3yrfges (ﬁﬁbomleéﬁat@tmba&&)( G0l fofm (@) manbeconsipwted of steel or

( 3§t)a1nléﬁst§u%eeé'l((ea§1§ll) f'xas Inb% lceq %ﬁffﬁge%" K’{:Zgﬁgplg:gg%as?% géﬁ@al lobed profile

tor es a
pr wfhi¢he matehes Htbe fh'ehsal lolbd ditree profile foa ﬁltaaimner swifece (60) of the

€l gt%%({r(%{.\ {_?ggg é[rﬁlqgmrgteslps ﬁfgp décie rbae e Orlnmté)er}esurface (60) of

el ec oS|I e Sta
el ¢t statbo nmer(g S)Tmmithel ox(tﬁ(b).lrfaw (7‘2]) off’ $he1ﬁ:dm (03sThe émmg space

be n s, all oy enerally have a much

o Hhe e SRR AR A Soriste PrP Bt RShedhe imRS\efas oro skotion of
al ktwstatosumla (38) midMehg tHellahdth of tysatoRaiber(B8))g to

Figure 8 a form(70) is then inserted into the stator

tube (38) to facilitate the application of an

el astomeri ¢ |RéfeRthd ¥®i 4 Bf clRh&iy fiEag (4 t8dn applied to
ﬁ‘n@for 63(70 my begéoﬁ)g%;ructé)é)

th st ator ube éns
asedp @esstaé% tube BhH Ay I&wcaeg@p elaptqrgeric material

(7§ito\fm§ﬁﬁln§% ace (18).i cal |obed profile which natches
t he heli cal Iobed tube profile on the inner surface

(60) of the stator tube (38). A lining space (74) is

defined bet vwagiefie {d"f}fgrureS 6f§1%ef0‘2190()7?9f1% %nx‘ﬁ%@g from the

tube (38) and the outer surface
Thétatar by (3 ateavingghe n&étoalmdmlag (4 atSaCbcxhtq thetinner surface

Wi r t S S n
ot &0, P UORAME: W% (8T VKSR dhETFSpRHHE" iplne 1) hes
t ub‘éascm)ally Refngtant tljckmesFitough@yt the tedissersesross-section of the
0, t f 60

3 e cf0seh S e R0, 6ol D AR iy ace (0
materl al into the lining space (74). Referring to
Figure 10, t faor 70 renmoved,.fr
slt gij or tube ( Eiééﬁ"lo}f fﬁb ‘%]%Fé?r&ﬁéﬁ ]&mflgmﬁ@g {4pptentially
at bptidred ahd _ntd}emt ﬂf&&éq&b&’df dependi@ lupoh t!lehpro‘pbﬁie@ loftthd@eposited
( 3r8r2etal Vggg{p%lspngt th‘ e?ecg%% %[ild%pésllp é329 aSchi1 upon t ahe overall design and

configuration of the stator (36).

The production of the stator (36) may be completed by
performing ancillary processes on the stator tube (38). For example, threaded
connections (not shown) may be added to one or both ends (not shown) of the
stator tube (38), or other components may be welded or otherwise fastened to the
stator tube (38).

Depending upon both the structural properties and the structural
requirements of the stator tube (38), the stator (36) may be further comprised of a
supporting stator housing for providing structural support for the stator tube (38).
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substantially constant thickness throughout the

transverse cross-section of the stator tube (38) and
wab@sgoRbe | ength of the stator tube (38). ThePCT/US2007/002076

application of the elastoneric lining (40) is

potentially optional and may not be required dependi ng

upon the properties of the deposited netal conprising

the el ectrof ormed deposit (32) and upon the overal

desi gn and configuration of the stator (36). The

production of_the stator 36) may be conpl eted by

per f or mi ng arkaT Pler Holbs siepogied: W@taﬁ,tmnsﬂ%@e stator tube

(3@3g) 1Rra ?élﬁmlﬁ low héx%@l@es@reﬁg%}%ﬁ%&%dmgtoﬁéj&mhy or if the

may be added to ‘one or not shown)
st atatar enB8) Inyelatiyelyitiprthe enmmmm stafpryhoysingahaieble pecessary

ot B{eaggofaﬁlé aphEASTof Lild}d C%ét%r hs@snéﬁf% R@ g% tageous

upon the structur rtles an
r eifithe etastomgerosf lining (éO)aIScnot apiléed B3he inder sstfate(60) M)he stator

TN 5 SR Tl B PR e S BN W ey
( 381)3xi‘édﬂ am:kﬂmiieat td iccbhmdihmhmbema bf tlm’tptdrsmﬂgn the stator

he .st r_fube ). has, a rel.a | ow te
SRR Ao kiR HARHP skFEEH ¢ e P R PigsTator tube (38).
stator tube (38) is relatively thin, the supportlng
st at or hou3| ecessary_or desi r abl ¢
of a support i ﬁ%g‘?%ﬁ%‘ﬂglﬁg the HaoF itHbe é?ﬂ/may therefore be
admmmhaagle@umnl d sd;ipertﬁiga@itefmdsus@n sm? Rfid @4fler n$at&}941 (82) may be
he |nnei surface the stator tube

l i

g}‘m uﬁe te Rnanoglar seacs ) fief pesbbetsgen the pulsg surface (60) of
r efid §telr O B3H U &h aitlek ¥uttheX (48 L omd s‘hﬁﬁblltingnsttatbp housing

&?nm)date t he nmovenent of the rotor within

Br tube (38) and to provide a suitable seal

betvveen the rotor and the stator tube (38). Referring
to Figure 11, the stator tube (38) may therefore be
mount ed wi t hiln the §ugfpmbadiaent, glearanssls pmléabbemmn ahe outer

| bietics Tyt o 42 RV o T b0 ) IR i

t hetator dlftbllsmgu(ﬁ’é))( 3B) tlmﬂﬂrﬁremhudanew rt]ﬁasmtc(rBﬁaoeo(B 8) lie may be
he t. . .
onfRGhldd it Bl AR LB neluloaoh Bine gipitgple fitings,

brackets or connectors at the ends of the stator tube (38) and the supporting

stator housing (80) to form joints between the components and by using suitable
fasteners or by welding or electrodepositing material at the joints to fasten the
stator tube (38) and the supporting stator housing (80) together. Alternatively,
the joints at the epds of the stator tube (38) and the supporting stator housing
(80) may be formed by providing matching profiles on the outer surface (60) of

the stator tube (38) and the inner surface (86) of the supporting stator housing
(80).

Consequently, in the first embodiment the stator tube (38) is not
directly supported by the supporting stator housing (80) along its length. As a
result, if support of the stator tube (38) along its length is desired in the first
preferred embodiment, this support may be provided by the introduction of the
filler material (82) into the annular space (84).
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surface (60) of the stator tube (38) and the inner

surface (86) of the supporting stator housing (80). In
wao b@soirer enbodi ment, the stator tube (38) i sPeEHYS1E7/002076

nmounted within the supporting stator housing (80)

using suitable fittings, brackets or connectors at the

ends of the stator tube (38) and the supporting stator

housing (80) to formjoints between the conponents and

by using suitable fasteners or by wel ding or

el ectrodepositing material at the gglnts to fasten the

stator tube (128he firy emhodingpothe fHipr saaierdial (BALisigogaprised of an
(8@ oﬁf@&h&?ﬁmaﬁ%ﬂq&?&nﬂ Ieva%{oxaaeﬁchﬁaiewamﬁm% tbBaRERD is used
of the stator tube (38 e supporting stator
ho e the elastdmerni libag { )rre’Ehed;semf @niegpny cementrisihe filler material
I O f t
3g§2)a§%.y?ﬁetd|3§dh g:&rzﬁeg% t é”sfttﬁ%g ééb% 38? thte b§ I%Ea(?irvef}p B&ia. An
st alastoniryissinatyria B the @ilvs exptentl|(§2) may bb elséd wilbre the stator tube

e [ t,. th t S.,.not di

su E D g r {;%g e?%eé: Ee:a ug p8 r%l{’ll?%% gs’f%t I§PUiRD RS % ﬁ%&%“&i » SHgh as for
i t sxdmaplgtifi theoelasmomelsmhmngl (RO)kis mpoapplidd tb ke sthi qubd (3BR

(38) along its length is desired in the first

preferred enbodi ment, this support nmay be provided by

the intr oductRﬂBrrﬁfg wavlgm}eh e12-0Bf @tdgds 8 2depidttd dthﬁ second
annlé.‘:bar S 84% Y&ﬁ first enbodi nt, the fjller

3 931 ghprsedizede tgnyEaYQn farHssin REqducing a stator
or f@na ahgﬁt;sammanwbafgradsnﬁg aa‘h% Oﬁ)ﬁarhtﬁﬁt PRueds 18-21 are all

used for the elastongeric lining The use of an
epHRYSVCEIFERPSSiectinR VIEWSt er naterial (82) may be used

where the stator tube (38) nust be relatively r|g|d

An el astoneric material as the filler materi al ﬁ(<

may be used vRdhe dererinfion of theusreopdsymbasdjment ek Fépires 12-21,
t Opﬂ"té%(ﬁcggr ﬁ';‘ﬁﬂﬁeé' @Isﬂhk:'sg&ﬁﬁ éﬂ@odl&%ﬁﬂ \QH !E Oag(e eiﬁi%‘l[eﬁ?to the parts
for exa | astomeric

apphd/ay QiuteﬁeOfsth&t ﬁrsttam@d(n@syut oﬁéﬁg:rps g1t @mgmﬁle same
L2rctdrens! A0880:256 WieD)Gla] BlfbeiRE RO FRAGhIRNT of @

nmet hod according to t i ‘RVENT ase I n produ0|ng

a stator for a hlgh perfornance progreSS|ng cavity

appar at us. Fi SV
cross-secti or&#@ % r%%‘tl e (’jess ato F}"% %érqfﬂ%"@gégﬂbdrel (50)
emsaptodectd iof thEisgomeas al @ndlhy manner as in the first embodiment. In the

second embodiment (as in the first embodiment) the stator tube electroforming

mandrel (50) is constructed of aluminum or an aluminum alloy.

Referring to Figure 1, the stator tube electroforming mandrel (50)
is first incorporated into an electrolytic cell (20) so that the cathode (24) of the
electrolytic cell (20) is comprised of the stator tube electroforming mandrel (50).

Referring to Figure 1 and Figure 13, a thickness of a deposited
metal is then electrodeposited onto the stator tube electroforming mandrel (50) in
the electrolytic cell (20) as an electroformed deposit (32). In the second
embodiment (as in the first embodiment) the electroformed deposit is comprised
of nickel and may be further comprised of some other metal so that the deposited

metal is comprised of an alloy containing nickel. As in the first embodiment, the
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parts and/or features of the second enbodi nent which
are equivalent to the parts and/or features of the
wo poostooenbodi nent of Figures 4-11 are given t hRCHEAE07/002076

reference nunbers as were used to describe the first
enbodi nent. Referring to Figure 12, a stator tube

el ectrof orming mandrel (50) is produced in the sane or

a simlar manner as in the first enbodinent. In the
second enbodi nent (as in the first enbodi nent) the

stator tube el ectroformng mandrel (50? IS constructed

of ofey Fetahinay basohaltife hel deppsitaemetal isepraprisedqfmackel and
1, cbBar 8 AhRkel ddS1GIEEE T Of Orm ng mandrel (50) is

first 1ncorporated into an electrolytic cell (20) so
that the cathode (24) of the electrolytic cell (20) is

conpri sed of ﬁgﬁf’gﬁé{&h 1?3%%%%%&[}%@%@%&2 m the outer

(50). Referring I gure ure ness
of sarfakep (&)t efl the teddctrofortried ndeflosit t (alle frsitye chodifyng te outer

st t el egtrof or m. rel-.(50) .in th . .
o Shithed {05 I8 ik B BRoVAO TIPSR o ped deboditfia it a desired
( ?r;%)nal_iiuil dihtﬁe&et(ﬁ«ln)d Aﬁhl?ﬂicfﬁﬂ{j\ihldlfigﬁrd m,tthe oﬁxldr&hrfage (?2) of the
e nt) .the el ectrofor sit. is,conprised, o

o GRS ORIk aPPOSt FefbiA & PO DAL 1bg et feNBiIHabed rofile. In
metisd sedndh@hbédithetle PRSin Gt AR FmBoien ths etht&fialaB removed
al l.o ontai nin ni&el.ﬁ@sintgefirst enbodi_nent, . .

th c ﬁ‘é‘FﬁP“‘%ﬁ%P ) 5 Flecigolopred drrosib (9l iyegachining the
mebater serfaaygery.sed of nickel and cobalt as a nickel

cobalt alloy. Referring to Figure 14, material is then
renoved fromthe outer surface (62) of the

el ectrof or "edrERRAY to Fidire 1NGHE Q»Yatgigq.%l{% b1R6iréBBming mandrel

outer surface (6;%7 In order to provi

el EDristhempepamipd diom texglesiafimacdidepasitd 33brhersby producing a
di aaEdraubé gﬁ}é wirdf 211& Eﬁ%r'tﬂbé;g%jgg cbihprisB® of .lfltleeglgctroformed

surface (62) ‘of the ectrof or eposi't retains
pofepasit @R).t Hellowing thalseprettiaraof thelstatiomiubeé ielestroformimgmandrel
se d j ' ' Qdj. e

ol )} A RBle (R dfint HEclsblitinel BRRGULERY by tndfinppurtuce
el éDrof thenstdtateiubsi B8, 32X the omehismifag: (68 alitler electroformed

N ey (B

el swtfacef(6O elihd sfxtei thbé EB) pravidesebiel juabiibed vebesprofile.

In the second embodiment (as in the first embodiment), the stator
tube electroforming mandrel (50) is separated from the electroformed deposit by
melting the stator tube electroforming mandrel (50).

Referring to Figure 16, a form (70) is then inserted into the stator
tube (38) to facilitate the application of an elastomeric lining (40) to the inner
surface (60) of the stator tube (38). The form (70) may be constructed of steel or
stainless steel and has an outer surface (72) which has a helical lobed profile
which matches the helical lobed tube profile on the inner surface (60) of the
stator tube (38). A lining space (74) is defined between the inner surface (60) of
the stator tube (38) and the outer surface (72) of the form (70). The lining space
(74) has a substantially constant width throughout the transverse cross-section of
the stator tube (38) anci along the length of the stator tube (38).
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stator tube (38), wherein the stator tube (38) is
conprised of the electroforned deposit (32). Follow ng

W h@ssener ati on of the stator tube el ectrof or P@IUS2007/002076

mandrel (50), the inner surface (60) of the

el ectrof ornmed deposit (32) is the inner surface (60)
of the stator tube (38), and the outer surface (62) of
the el ectrofornmed deposit (32) is the outer surface
(60) of the stator tube (38). As a result, the inner
surface (60) of the stator tube (38) provides a
helical |obed tube profile. In the second enbodi nent
(as in the fi i b . ied
el ectrof orm n{g}%ﬁarﬁggg(? IFE%@% )1?7,8&2 glagttr(’g{e?% [T o‘%ﬁ%é s then app he'
el eot thof innee dudagwo 6 () dn?tlwetthtomgubdae@&)t hyanjectibg an elastomeric
el ect raf or mandr el ). Referring to Figure 16, a
foHH@f?@fng%&%Hgﬂngﬂ%@?g%Q into the stator tube (38)

to facilitate the application of an elastoneric |ining

(40) to the ipner surface (6 of the ator tube

(38). The f orEﬁ ? eFpe r‘r‘é?‘"‘%‘g‘gc‘%{]&? é%fffé&;@f g rergpved from the
st %tﬁbﬁﬁﬁe%@ﬁ'le@ﬁ%‘g BRSeladtonbtie 'lmi:‘n\g’ 4@2%&&%)1 t8hh& thner surface

has a hel i cal profile which es the helical

| &8 t b rater ubn (3% YRS e glastqrggric Jinipg(40) has a

St afu@ktahiidlfy (:&@tantpthﬁdl&békgtlﬁ&?gﬁu( 19 thafiswidd BREs-section of the
bet ween the i nner surfaceég ) of the stator tube (38)
)

ancrtatpetubgi(3) angralangthedeon theestator Mbe1d%): The
l'ining space (74) has a substantially constant w dth
t hroughout the transverse cross-section of the stator
tube (38) andAaliontpet fiest| cmhpdiment, tthe apphieationt obghe clastomeric
(38) f r; 7 | .ast
(o) T CEOLI A1y Wi onh and e 7 1 FeGlec 1B Mding upon the
st awrgpertighef Q&B()enwlttmmtal icngpaising the tebavinofamedt deposit (32) and
|nt [, J 4 e ure 18,

noibelt blidalldesBRaa bitenr o hL IR G: Gb8, " e
(38) | eaving the el astoneric Ilnlng (40) attached to

the i nner surface (,60). of t e sta

wherein the ef3stof ifEsy P 4’37 fchliﬁ"‘gg e application of the
subtdsahenid [nis® I’(&O)al’]irotliﬂcbtﬂiﬁneﬁ $hé @Ea@bhg |036)t nia!?ebe completed by
trangyerse cro s-section of he stgﬂg be

and
bl GIRGLOTHETE SHg LAY Grrorses PR BT Staisd SEOT akanple, threaded

fi rc‘f»hnﬁimdlxﬂi-}ﬂbe albé&d 8Pphé 6RAbbANeRs 6%&&@5& IBRI(BS), or other
[inin oteﬁﬁlall optignal and ma

not be
r e fOPFRS eH ﬁ)léqydlgq1§e g 9r pfherwise fastened to the g/tator tube (38).

As in the first embodiment, depending upon both the structural
properties and the structural requirements of the stator tube (38), the stator (36)
may be further comprised of a supporting stator housing for providing structural
support for the stator tube (38).

Referring to Figure 19, there is depicted a first optional stage in
the production of the stator (36), in which the stator tube (38) may be optionally

mounted within a supporting stator housing .(80).

In the second embodiment, the stator tube (38) fits closely within
the supporting stator housing (80) so that the stator tube (38) is directly
supported along its length by the supporting stator housing (80). The second
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properties of the deposited netal conprising the

el ectrof orned deposit (32) and upon the overall design
wa@peasoenbi gurati on of the stator (36). As in tPer/i52081/002076

enbodi nent, follow ng the application of the

el astoneric lining (40), production of the stator (36)

may be conpl eted by performng ancillary processes on

the stator tube (38). For exanple, threaded

connections may be added to one or both ends of the

stator tube (38), or other conponents may be wel ded or

ot Irenhgidimentals therefpre bendfiwialtvehave ittigldesif38y to mhibinthetasator tube
fir ' : ' . ok h.: U ‘i1
o 58, BERCALAEkor EPARAR AR BU I Rubl gt v witi
st dhestatabmbe38R). the ageatlyrth¢ 36omiaymbedimmt hig particularly well

conpt.i Qf . a r{i.n at or_.housi for .pr.ovi di .
ot PRpE 3y S, BrSierRE bR CoihPiuatt i S pfterBfps (4 whicn
t 0 dah@ueemhBdatehlee eorhpled epsveingaht af tHerrdtor ayithinila statoagbe (38).
in the production of the stator (36), in which the

stator tube (38) nay be optionally nounted within a
supporting sthi the dteufd Rehbolihent! the shorSRBENES) may be mounted
enbodi nept, the stator tube (38) fits closely within

t héV'élﬂBpIB? ﬁvwrgtl%ﬁworhla%mg(i%@% WFIngR Prest Tt iog aggigtegference fit
t UhRtW e the Statlhr 1864 (38) FHB BN SgfofttRNGatbt Bol$REEdD) bY

the supporting stator housing (80). The

secondenbodi nent is therefore beneficial where it is

desirabl e to Rpfanbhd tc%':l ?g%u% 3hOtheld! %edéjr?@t):d far &bnd oRti%x%al stage

deformation in the Tadi direction ddring rotatio _
t hdn tlg produftion of thestaier(36), in whdck a$iller pmterial €82) may optionally

t hgpesy ' j ' | spited f
5 B g 0 LW i e
| i wifiiee s@EY tulbd G8) cad andwmmnsorfateof the supprtieg stabarcimerstng (80).

of r b N t rtub .. hi the

e thiie LS WrbBuPudt 3 M mbtARL (SR 1 B cbREy comgat or an
wi tehastornéree suappiil tsimidarstoathar useduforr nigs ¢BEbmesicrigniag (40). In the
LGB e G5 AR ke 25 FoGlmhSeof ¢ ity o
RefuatsnregtédthelicguspaceiOvhich @k ntl 21dR1the I@@ o 5B Qfor tube (38).

optional stage in the production of the stator (36),

in which a filler material (82) may optionally be

it Et r odtjced i nl%@feﬂfﬂ]gg%rlﬂhﬂie B asRe (Sdopidled b AR REINGSEEs-section
e.outer surrtace |

of an a?temate con%gu.satlo)n of the stator tube (38) and elastomeric lining (40) of

Figure 18. In the alternate configuration, the stator tube (38) has a substantially

cylindrical profile on its outer surface (62), but the thickness of the

electroformed deposit (32) following modification of the outer surface (62)
remains sufficient so that the supporting stator housing (80) is not required. In
the alternate configuration, the deposited metal comprising the electroformed
deposit (32) is selected to provide physical properties which are suited for use in

a self supporting stator tube (38) for a progressing cavity apparatus.

In some embodiments, the method of the invention therefore
provides for the use of electroforming in the production of a stator (36) for a
progressing cavity apparatus. The progressing cavity apparatus may be a
conventional progressing cavity apparatus or a high performance progressing
cavity apparatus. The stator (36) may or may not comprise the supporting stator
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of the stator tube (38) and an inner surface of the

supporting stator housing (80). hi the second
wepdsdirrent the filler material (82) is an epoRGI/USIWBTI002076

or an elastonmeric material simlar to that used for

the elastonmeric lining (40). hi the second enbodi nent

the annul ar space (84) is conprised of a plurality of

unconnect ed helical spaces which extend al ong the

Iength of the stator tube (38). Referring to Figure

2 oSt GBS B b SRR Be PR PRt mewa

el asﬁhe Feftbictubt m8)@n64@bnctﬁe Eg@un ggdxgﬁ ahd cohfghtien ofithe stator
rati on, at t ube as a .
b T PP HahineBloripaa PO PESTHIR GPPgphs stator
gﬁs) s of A trﬁﬁtcéﬂﬁﬁﬁﬁseoin élla@coﬁieﬁetmﬁﬁg) (€] d@p@ﬂsmg upon the
follow ng nodification of the outer surfa 2111

r eP(@Pﬁ§13§ @Pfiltgicléﬂ?“%" the depesited gmfﬁlo?ﬁ ﬁhﬁgﬂ%?raw(c?fa (38) and upon
hoygi &@raﬁﬁ@émgnsmﬂ%nﬁ%qwoﬁ%f tﬁ@staéae (Bt ernate

configuration, the deposited netal conprising the
el ectroformed deposit (32) is selected to provide

physi cal propgpiduei Wi C%lgfk{- ontHbd €@t ‘(§@g i %ée(liéscnbed

supporting stator "tube or a progressi cavit
appabadizeenty is siskel enodilimneantaining n@khloﬁsugh ashae mckel cobalt

Ieln a Cwl)b%& LEReL ﬁxfe&ﬁ%ewgfc%\r/ﬂq Be fefé%tr&?'&:oléﬁgd & thu:(k\gxgise? Slfutable to

mng In oduction of "a stat .
a provideeshé regatontithey (a&)oanau s, cfrmdeprccbgfoesmengl quoviding the

<DBRLA 50 PR PO YOPLGOB, BRSLASTRE BRI Yios e

aphasreaa gignifidaatly lewer te(Sif) strengtio tham;achmitandatqaﬂlm, tdpper has
stat housi,n

ortin (80 en 0
o B PRt 3 ChVHR i, Folerss RS cOritbeReTic By tpighmesses
St af:dﬁ‘edhllgbz&)oﬁﬁfﬁ%zo &ﬁdldstpw‘hefdaesrﬂékﬂ& dlab bdes Ir@fbrﬁbﬂ?as having been
conf i Ion of the, stat case of a .
i P By (iR B SRS PREPCb PYra i oah o GBS fnch. Asa
st pdsql, 6 errrmﬁ Qflo )éoﬁl@lmﬁg)%bb&enﬁdir Bé assﬁtamr f& use as the
I|n|n depen ng upon the properties

¢ heleR gns@ depesiieifdspatiguiagly 4f th stetos tg‘?eaﬁ%) if ke mounted
( 3&kmand éh%fﬂnidgesté’%? tRbbin! ge(sog IR c&® PhbEHE %ﬂ%ngif strength

t he stator ect r of or med de§JOSI

( 3gnd rigidihe cue%le ﬁrqﬁ@d@gbomm@@ofognﬁd deppsib(3Qrmay therefore
al k&iﬁeﬁ%@?f'% NSrilhfka! o \M% ;?xngta‘fkgi Qoggl dlity of metals

al | oy) ot her netal s e el ectrodeposit
i nekhﬁr@ms%%segumtmlyesmulltaneously and/or as alloys.

In this document, the word “comprising” is used in its non-
limiting sense to mean that items following the word are included, but items not
specifically mentioned are not excluded. A reference to an element by the
indefinite article “a” does not exclude the possibility that more than one of the
elements is present, unless the context clearly requires that there be one and only

one of the elements.
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provi de the stator tube (38) may be considered for use
in providing the el ectroforned deposit (32). For

wez@sphes2 al t hough copper and its alloys tend POI/Os20e7/e02076

significantly lower tensile strength than nickel and

its alloys, copper has been reported as havi ng been
successfully el ectrodeposited in thicknesses exceedi ng
about two inches, whereas nickel has been reported as
havi ng been successfully el ectrodeposited in

thi cknesses exceedi ng only about one inch. As a

resul t, copperWhaids glaimgdiscont ai ni ng copper may be
suitable for use as the el ectroforned deposit (32),
particularly if the stator tube (38) is to be nounted )
within a suppck method fertwse inopreidnging 803tatenifoh a quegressing cavity
provi de .addjtiopal, stre h and rigidity for the

st atigr" tg%?i.le egloe CEFOTET med deposit (32) may

t herefore concei vably be conprised of a single netal

or a plurality of. metals e|ectrodeposi.ted i

sequent | 5& Y, ){’§?Yfﬂ}rigaan%%t8§he?e iea:?rg orguing Mapdeel; | 1 ¢ i s

docunent, the word "conprising” is used inits

nonlimting sense to .nean that itens foll ow ng the .

word ar e@%ﬂ dReIPORHPS | e hetaton t“i’ﬁeﬁllefs‘ir%fg?r‘f“i}% mandrel into an
ment i oned ar e diddirofytid Yotk so AndtChecAncd: (of @R eleiEiic cell is
by the indefinite article "a" does not exclude the

possi bi lity t (faMnARsed of Agstaiertube clasofqraripgmendsel;
present, unless the context clearly requires that
there be one and only one of the elenents. What is -

claimed {(®: 1.cloxtipdeprsitingt thiskngsh of podapesitvgl metal gnisy the stator
for a progr eS%ﬂQel@&Y&%ﬁnﬂ%ﬁé%@ﬁas A Qe AFIBRRed deposit;

conprising: (a) providing tator tube el ectroformng
mandrel ; (b) incorporating the stator tube

| ectr of ] L i .
That o cSPhoageBOREe g Mdtof el eldefipirding oandl from the

IS C

of the stator dedwolBiceil aidrm ng mandrel ; (c)

el ectrodepositing a thickness of a deposited netal

onto the stator tube el ectroform ng nmandrel as an

el ect r of g@)red sdppatdng ; thedjtatermutien gldde fatding r mandel from the

el ec troform N1 5r%|1edf ﬁgprgs}t,hﬁlereby producing a stator tube, wherein

the stator tube is comprised of the electroformed deposit.

2. The method as claimed in claim 1 wherein separating the stator
tube electroforming mandrel from the electroformed deposit is comprised of

dissolving the stator tube electroforming mandrel.

3. The method as claimed in claim 1 wherein separating the stator
tube electroforming mandrel from the electroformed deposit is comprised of

melting the stator tube electroforming mandrel.

4, The method as claimed in claim 1 wherein the deposited metal is

comprised of nickel.

S. The method as claimed in claim 1 wherein the deposited metal is

comprised of copper.

-37-



el ectrolytic cell; and (e) separating the stator tube
el ectrof orming mandrel fromthe el ectroforned deposit,

WO b@sefeepr oduci ng a stator tube, wherein the BCHUSI007/002076
tube is conprised of the electrofornmed deposit. 2. The
method as clained in claim1 wherein separating the
stator tube electroformng mandrel fromthe
el ectrof ormed deposit is conprised of dissolving the
stator tube electroform ng mandrel. 3. The net hod as
claimed in claim1 wherein separating the stator tube
el ectrof orming mandrel fromthe el ectrofornmed deposit
i sgconprised JdN9s t Q8P bR cihidbe £ 0 j :
ma?fdr el. 4. :Ilﬁlfg Hn%ltt dgdggsac al mtérg ?lalﬂgllaﬁlrlnﬁe%&\%\lhfg%:g{ﬁw tube
t heleelegfomningdnandrel is icgnstmepadi afedmaterinl ekaprised of fhuninum.
nmet hod as clainmed in claim1l wherein the deposited
netal is conprised of copper.6. The nethod as cl ai ned
i n7cl ai m 1 wiheemethodeas chimed tinbedaih de whefan ntha glectroformed

manRdrel, .is constructed of a material conpr,i sed of .
| Rt HeS Ah Hier SHERAS and e TR Lo mete B A To e mppthod is
t heurgiee egmpﬁwdmﬁmdgﬁpmﬁigttw aﬁteiﬁ Burdatieest the! éfefaﬁ&foaﬂﬂdd. deposit so
nomi n i anet.er. an rein the, nethod is further .
oM e, FoRmmel o ok 6 DEHETtoRee Heogt i Redésired nominal
el eidetdror ned deposit so that the nom nal di aneter of

the el ectrofornmed deposit is a desired noni nal
di aneter. 8. The nethod as clainmed in claim?7 wherein

the. met hod i THcUnbMBa a8 VB8 aH i HeréinGhé RRtA B further
surface of the_ electrofornmed deposit so that t-he outer

suftrapEserofipedigying fhepuermatage b terelpafrofermedednposit py that the
CYbRfkireRe of the diB&rdBENAHdGDsh ifbiBRtnkianG 'c?l'iﬁﬁrﬂcal.

wherein the el ectroforned deposit has an outer surface
and wherein the nethod is further conprised of

nogi f yi ng then QUL RincIULS Q:ﬁﬁmg{l ihh@laﬁl eﬁ%}fé{:&ﬁ%@ electroformed

deposit so that the outer surface of the electroforned

degdensisit hias aulovtearmurfate ynd ywhareini thal method is further. comprised of
modifying the outer surface of the electroformed deposit so that the outer surface

of the electroformed deposit is substantially cylindrical.

- 10. The method as claimed in claim 1, further comprising mounting

the stator tube in a supporting stator housing,

11. The method as claimed in claim 10 wherein an annular space is
defined between the stator tube and the supporting stator housing, further

comprising introducing a filler material into the annular space.

12. The method as claimed in claim 11 wherein the filler material is

comprised of an elastomeric material.

13. The method as claimed in claim 11 wherein the filler material is

comprised of a cement material.

14. The method as claimed in claim 1 wherein an outer surface of the
stator tube electroforming mandrel has a helical lobed mandrel profile so that the
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10. The nmethod as clained in claim1, further

conprising nounting the stator tube in a supporting
wa@t@soe12bousi ng. 11. The nethod as clai med i n BCHUA020002076

wherei n an annul ar space is defined between the stator

tube and the supporting stator housing, further

conprising introducing a filler material into the

annul ar space. 12. The nethod as clainmed in claim1l

wherein the filler material is conprised of an

el astoneric material. 13. The nethod as clained in

c| minay surfagreofi tret siator | tuberhasae cheligpl labadothe peefilof which is

Ce&@ﬂ#le%ﬁﬁﬂl@ﬁne%@lic};éﬁ@béﬁ%&%&e&ﬁoﬁléi med in claiml

wherel n an outer surface of ator tube
el ectroform ng mandrel has a helical |obed mandre

pLEELI e 50 1%k ABGMIETANERT5 10k Ly By i

has™'a helica

c ompElastontesic tining tohen ineér snaface obthe steorchube. profi | e.

15. The method as clainmed in claim 14, further

conprising applying an elastoneric lining to an inner

S ulﬁ.lace of t ﬁe&ﬁﬁhﬁcﬂ ﬁﬁ Uhlﬁnedl.ﬁx cldine lﬂl ®iHeeddn dite eélhabmestlc lining
inclaiml erein e. el ast ric linin as a . .. . .
t P e JCER o vied ORI By thoiess (i the Jrdemierip, liping is
| i subsantisllgobstant i al |y constant. 17. A stator tube

for a progressing cavity apparatus, wherein the stator
tube is conprised of an el ectroformed deposit of a

deppsi t ed netAlsiatdid tubth €orS h Aprobressile @%ity! ApaPHud, "wherein the
claim 17 wherein the_ deposited netal is conprised o

ni BRtr tubegs comprisecheln elegeofaamed denestt of 3 depagitadimetal.
wherein the deposited netal is conprised of copper.

20. The stator tube as clainmed in claim 17 wherein the
st d8or tube ilhecHater itylel apfclaimednive elaimr F Aceheapig the deposited

WhETeBI1 s LBpritRr msilef ace of the stator tube has a
helfcafsfgﬁ%d t ube pfofile. 21. The stator tube as

claimed in claim?20 wherein the stator tube has
- 19. The stator tube as claimed in claim 17 wherein the deposited

metal is comprised of copper.

20. The stator tube as claimed in claim 17 wherein the stator tube is
comprised of an inner surface and wherein the inner surface of the stator tube has

a helical lobed tube profile.

21. The stator tube as claimed in claim 20 wherein the stator tube has
an outer surface and wherein the outer surface of the stator tube is substantially

cylindrical.

22. The stator tube as claimed in claim 17 wherein the stator tube is

" produced by a method comprising;:

(a) providing a stator tube electroforming mandrel;
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an outer surface and wherein the outer surface of the

stator tube is substantially cylindrical. 22. The
wG@@Bov12621be as clainmed in claim17 wherein theCHUS1007/002076

tube is produced by a nethod conprising: (a) providing

a stator tube electroformng mandrel; (b) incorporating

the stator tube electroform ng mandrel into an

el ectrolytic cell so that a cathode of the

electrolytic cell is conprised of the stator tube

el ectrof orm ng mandrel; (c) electrodepositing a i

t hi ckne@® of ingcomaseing dbe rasatar tvbe cleqiwofenping, maggel into an

el ectroform {;(g@,ge a I r L fivti ;

(d) rennvingggﬁe tgt%?ﬁﬁabgmgﬂgg%go grﬁ?ﬁggﬁgﬁ§$2 fc cell 1s

fromthe el ecomptised of thestafordnie ¢lejtrafopaingtarfrehe

stator tube electroformng mandrel fromthe

el ectrof ornmed deposit, thereby producing the stator

t ube, Wmr ei elechradetoaiting 4 thiekriess obagepsstdahetahento the stator

n ol ol m 22 AT e AE G ioe A0 kb org depoE

el ectrof orm ng mandrel fromthe el ectroformed deposit

is conprised of dissqglving the stator tube

el ect r of ®r mi AGPAYRE dre  shtor Tijhe s%ﬁ?%‘?gof’f}l}‘@ Joangrel from the
in claim22 whetelyiceefasadt i ng the stator tube

el ectrof orm ng mandrel fromthe el ectroformed deposit

is conprised of nelting the stator tube el ectrofoymng

mandr el (¢)25. sdh@apiAtiae bR AfbeCleRicHBebriing | MA@l from the
wherein the deposited netal is conprised of nickel

26. The st at GEaBEMSS dopapifhorhy eredueiehgSeAies fbprwherein

deposi t ed netgl sthr GHHAE R Pridld SOMB/ectréformbatiepbat.or
tube as clained in claim?22 wherein the stator tube

el ectroforming mandrel is constructed of a nateri al

cogpri sed of -/l uhiMibd8s cHithed! & Ohirh U2E whRrdih dePREting the
in claim?22 wherein the stator tube has - o .
stator tube electroforming mandrel from the electroformed deposit is comprised

of dissolving the stator tube electroforming mandrel.
. 24, The ‘stator tube as claimed in claim 22 wherein separating the
stator tube electroforming mandrel from the electroformed deposit is comprised

of melting the stator tube electroforming mandrel.

25. The stator tube as claimed in claim 22 wherein the deposited

metal is comprised of nickel.

26. The stator tube as claimed in claim 22 wherein the deposited

metal is comprised of copper.

27. The stator tube as claimed in claim 22 wherein the stator tube

electroforming mandrel is constructed of a material comprised of aluminum.

28. The stator tube as claimed in claim 22 wherein the stator tube has

an outer surface and a nominal diameter and wherein the method is further
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an outer surface and a nom nal di aneter and wherein

the nmethod is furtherconprised of machining the outer
waemwBageenf the stator tube so that the nom naPCT/US2007/002076

di aneter of the stator tube is a desired nom na

diameter. 29. The stator tube as clained in claim?28

wherein the nethod is further conprised of machining

the outer surface of the stator tube so that the outer

surface of the stator tube is substantially

cyllndrlcal 30. The stator tube as clained in claim
2 Zopppaisef ofaprehining dhe puise strfaceanf thastatorsube se dhafije nominal
WiaRERr bR BtbOfibl §s 4 HEMEMoAARRIdiSREeL! Machi ni ng
the outer surface of the stator tube so that the outer
surface of the stator tube is substantially
cydg.ndri cal . T suflos bitleO%s blmd A WG 38 IhG@M b mothod is
apparatus, the stator conprising
cduphers torgpasededButachinongrtie dsposirfacefofahe spter tbd so that the
e vhe i r surface
dﬁ J\e/\l;i’wser ég#ﬁm s‘ltaaﬁﬂﬁugégsr g:g%gg?l%??%pnsdp g’ or tube has a
heI i cal | obed tube pr ofile. 32. The stator as clained

[ Ia|n131 er OSI ed .net s _conprised
oG ool S B o' SRBRA S cIBR 21 itfesif TE YART ube has
wher enter hMadé@pﬂBwhadlﬂmbahethsd GO Apthes edmpiised pP atachining the

34, The stato as clal im31, furth .
o GHIFT Symhges R T 50 ity e oot sistict e, Siter tube is
sumba@ﬁuﬁmyaﬁﬁuﬁkalor tube. 35. The stator as cl ained
in claim34 wherein the elastoneric lining has a

t hi ckness and wherein the thickness of the el astoneric

lizi.ng i s subst@ivrifet h r@@%‘sﬁr@&aw%pp%§&l@é ShtoRTomprising
claimed ih claim3 1 erein the stator tube has an

out 8iptas fipe, eRmpHEng B edeiroforanest deposk of pAlcpogited; wgtal, wherein

stk %Eatbﬂﬁﬁ)el &s%%@ﬁ&ﬁrﬂdeyw%h&@m Rl indédr sukfRe of the stator
stator as clained in claim3 wherein the stator tube

|§“h69ﬁ%é&ehﬁﬂéd§@ﬁBEﬁEWQQ5=stator housing. 38. The
stator as.clainmed in claim37 wherein an annul ar space
i's

32. The stator as claimed in claim 31 wherein the deposited metal is

comprised of nickel.

33. The stator as claimed in claim 31 wherein the deposited metal is

comprised of copper.

34. The stator as claimed in claim 31, further comprising an

elastomeric lining applied to the inner surface of the stator tube.

35. The stator as claimed in claim 34 wherein the elastomeric lining
has a thickness and wherein the thickness of the elastomeric lining is

substantially constant.

36. The stator as claimed in claim 31 wherein the stator tube has an

outer surface and wherein the outer surface of the stator tube is substantially
cylindrical.
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defi ned between the stator tube and the supporting

stator housing and wherein the annul ar space is
waodesenst al ly filled with a filler material. BOI/US19@7/002076

stator as clainmed in claim38 wherein the filler

material is conprised of an el astoneric material. 40.

The stator as clainmed in claim38 wherein the filler

material is conprised of a cenent material.

37. The stator as claimed in claim 31 wherein the stator tube is

mounted in a supporting stator housing.
38. The stator as claimed in claim 37 wherein an annular space is
defined between the stator tube and the supporting stator housing and wherein

the annular space is substantially filled with a filler material.

39, The stator as claimed in claim 38 wherein the filler material is

comprised of an elastomeric material.

40. The stator as claimed in claim 38 wherein the filler material is

comprised of a cement material.
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