WO 2008/091262 PCT/US2007/002076 ELECTROFORMED STATOR
TUBE FOR A PROGRESSING CAVITY APPARATUS TECHNICAL
FIELD A method for producing a stator tube for a progressing cavity
waparatastising electroforming and a stator tube for a progPESKEIG VL6
apparatus which is produced using electroforming. BACKGROUND
Progressing cavity apparatus include progressing cavity motors and
progressing cavity pumps. A progressing cavity motor is frequently used
to drive a drill bit in borehole drilling operations, such as operations to drill
an oil and/or gas well. A progressm caV|ty motor recelves energy from a
fluid passing througBlEe BESIORAEId e HIARESHER
energy of the drill bit. ARangRRe ) ‘ R DY
pump fluids from a borehole, such asa producmg WeII A progressmg
cavity pump recelves rotational energy from a motor which is typically
locat Lifdee-df 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 c%[lveg%t iJ‘de 'E)%trégl sgrfsz%ct%ro% e cg)rr%h essing cavity
Progressing cavity apparatus, Oidudin %rogressmg cavity m % Ana
promﬁg&&ﬁh&@@%@@@i@@éf@rré@@a@bﬂl(ﬁ?@&upm%%ﬂ% cavity
in r%%ﬁ%ﬁi@Qvﬁfctﬁ'?érﬁf&éﬁi%WuBﬁgﬁlédﬁmﬁﬁmfgho obtained U.S. Patent
892,217 for a "Gear Mechanism" on December 27, 1932.
Progressmg caV|ty apparatus are characterized by a stator and a rotor,
e RAIOINEXdisposed within the stator and rotates within the stator.
-1 WO 2008/091262 PCT/US2007/002076 The stator has a helical lobed

stator profile on an inner surface of
Progressing cavity apparatus include progressing cavity motors

and p\:b gressing cavity pumps.

A progressing cavity motor is frequently used to drive a drill bit in
borehole drilling operations, such as operations o drill an oil and/or gas well. A
progressing cavity motor receives cnergy from a fluid passing through the 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 whick has accumulated in
the pump and/or the borehole, so that the fluid energy conveys the fiuid to the

surface of the borehole,

" Progressing cavity apparatus, including progressing cavity motors
and progressing cavity pumps, are offen 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 &

rotor, wherein the rotor is disposed within the stator and rotates within the stator.
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the stator and the rotor has a helical lobed rotor profile on an outer surface
of the rotor. Each lobe defines a separate helix or thread which winds
along the length of the stator or rotor. The stator has one more lobe than
WiRaUS 2Fhe respective pitches (i.e., the longitudinal distaREd/ FSgUirée2076
for a lobe to wind one full turn around the length of the stator or rotor) of
the lobes on the stator and rotor are in the same ratio as the number of
lobes on the stator and the rotor respectively. For example, if the stator
has three lobes, the rotor will have two lobes and the ratio of the pitch of

the lobes on the SiaLor 0. e, iGN ALY IORSS. P ANs0lGE WL BB cuce of

Another feature of progressing cavity apparatus Is that each lobe o

rotoPSURSMNRAaTRoR R WiFiaskishsdraleaRlPinanersawrs syrface of the
sectignr, TihisHiesdhRBiact efieadingia plulatid olienPis@osRse the length
betwe ths?aféat%! angd, the rotor which ea&r?eh%\é?eallgtpegt?w%ﬂ%é O The
pitcﬂ of the Stator. The number o?emp?;? spaces Is equal to the number ofT
lob&ssapctiie seitbes The diplynsiadin! shistissiarsd it Sachidinde pynd one
th? RO gtﬁxofamﬁi@ﬁh@eéwgg;bmé@t@fo@w taeorstatananbieh aealiemtor and
referred to as "seal lines". The empty spaces between the stator an e
o e, S5 BRI Ao e TR STloutey SRS iob i JBS rotor
cavissrgnparitusForreiiepla, dfae Motiafitrsdtivyoinb fsll thetatitn vfithbave two

statRiblabgs: hs AfRsHtuR RICYESHNHLEAVEY ARPALHSIRICHIACHSES Rbes
stator Qiavin%a Ieﬁ]gth egual to two times the pitch of the stator lobes is
on. the rotor e 3‘31

desChbed as a two-stage progressing cavity apparatus. As the rotor
rotates within the stator, the empty spaces "move" or progress with a

helical motion alogﬁ&%ﬂ@@%@&f&%?&@@éu&dﬂﬁ% W_@tﬂ?s“%”th%f 8ach lobe

pro%ﬁ%gs:?gqecavny motor, these empt s?aces are ith a drive fluid |

whi K& 1R ETRGIID B S8 PsatiE B Sath P TR MRty Spacation.
moVi&isrbas teeeBnct of theasiagor piuthbipthdemply epthesstatoreintthestator and

0 pedi?éi%&f\ﬁhﬁﬁog&@ﬁ%Q&%Yéﬁéﬂ%ﬁﬁﬁtt@%%%yamg SR MR number

with a driven fluid which is caused to move from one end of the stator to
the ﬁg}p&{l §PEESH éSﬁ(éﬁl&}. %stma@umber of lobes on the stator. The empty spaces

are igolated from each other by the points of contact between the rotor and the

stator, which are often referred to as “seal lines™.

The empty spaces between the stator and the rotor may be
repeated in ‘'stages” along the iehgth of the progressing cavity apparaius, 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 &dve fluid
which causes the rotor to rotate relative to the stator as the empty Spaces move
from one end of the staior 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. -2 WO 2008/091262
PCT/US2007/002076 Due to the shape and geometry of the stator and
the rotor, the rotor will move laterally or precess relative to the stator as
Wihatfgteitotates within the stator. In other words, the rotor #fol/ds2007/062076
eccentrically relative to the stator in addition to rotating within the stator.
The performance characteristics of a progressing cavity apparatus are
dependent upon design parameters such as the diameters of the stator
and the rotor, the number of lobes on the stator and the rotor, the pitch of
the stator and the rotor, the amount of eccentricity between the stator and
the rotor, and the overall length or number of stages of the apparatus. For
example, increasibydtie twrmiiepofsidg@eentanprdgiessiptprcavitghe rotor, the

APPRASALS,BeNALRLY IRGARASES SYE AARAGWIN CRSE LABRCKYSF rotates
the apparatus and increasing the number of lobes on the statqr and the
gn nkaéwfyto the

rotoPgaieafy S Hitteated e VSRSHfTc CXFatIRY o} SFEYrSash e
appasabisrasddizibasdheatong uwetbapheisiipvessure capacity of the
apparatus. The performance characteristics of a progressing cavity
apparatus are also dependent upon the ability of the apparatus to_provide

an effective seal BERRSERTRETAGPATRHSUGA R ARNGHERR SFNHE SOpRPRtS
exagplessbedaiousaaisiyfaressise capheiyiof diapragressing cavityand the
appPALANISHR 35%9%%‘%9?&%8 the 'E%E%P%HVS%S%%XYB{%IFF&P&%\? stator and
deve?opé etween the en(is of the apparatus, which’in turn is dependent

upofPtheotiedhvamanbriheserisdBeer eee BioFail a1 dadPWibrpd e

the seatalinesstn Graahteastanymoshie: ipeamaplex 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 constri@ioPrantith FETauES Hretarsho cludessa Mg PRAmessing

of appigsiaparianadasially increases the torque capacity/pressure capacity of the
apparatus and increasing the number of Iobes on the stator and the rotor generally
increases the volumetric capacity of a progressing cavity apparatus as well as the

torque capacity/pressure capacity of the apparatus,

The performance characteristics of a progressing cavity apparatus
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 i 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 2 composite construction
which inciudes a metal stator tube having a lining of an slastomeric material

applied to an inner surface of the stator tube.
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applied to an inner surface of the stator tube. -3 WO 2008/091262
PCT'/US2007/002076 In a conventional progressing cavity apparatus, the
stator tube is comprised of a cylindrical tubular member having a
weyhHBeattube profile on its inner surface, so that the helic&bbEeTRIGH 76
profile is provided solely by the elastomeric material, As a result, the
thickness of the elastomeric lining varies considerably along the
transverse cross-section of the stator. Where the elastomeric material
defines a lobe it is relatively thick and where the elastomeric material
defines a space etW%en ng%es it is relatively thin. The tor%tlje the statar tube is
capacity/pressure tapacity and ovBI i iRieaf oA SpPoGTassing Eavity
apperaterssistlivhiaad ibydties smbnigthresdbau rabiity ofthiaddlms tolreprefile on its
liningndhguiRiRg BaUSIReHIcIRRPUGHLD Jﬁ%%%?@ﬁﬁ’é%?&(ﬁd@éﬁeﬁ@m@by the
between adjacent en%gtyr%s%{)aces, must be flexible enou

P

to ... ,
acoBRTROUALS TR ERNp/a% Poeibe MEVBIRBHEDF RSP SRt Lt verts
andegngigerdlabldsogyiirstamdvighetermpersaciios, infheratiarer. Where the

fluckialionzsfenaatesaCHRIaRA! defipations apndihriyealing eflaciynle the

solids which may be contained in the fluid which passes through the
ap AR S R LS S PaSR PR BARNEs 3t VR3S P ARG Rhemical

interactions with substances which may come into contact with the lining.

Although. the conyepigRAKPEaGIERSING SRV ARRAAISIS KB AN EN.rity of 2

effective, it has been found that the elastomeric lining provides a general

wedR MR TR ALo ARERRE S dR BMErdny dthaseretcandeitahility of the
progiessingrzavitirappafatudinkgr exesn e, iiddtemenh mateskils tenttessure
exhipi ignifi [ t [ Sywit S t

elas%?gfrﬁ?ei%mﬁ nﬁ&?%ﬁd%?ifggrégggﬁgg%%g?%%n?%m@é% r%geeofé&%g@ w0

durfifif SPEIAIABR B R 2RI Fa salE Y B ARRFRA P tHBare ks Wik @ grater, and
elastomtericdiling definesdobesh andpsrhereloreiintivelyithici@ions, repeated
Elaggg@gggg 8@%%%?0’51! %ﬁ%ﬁ \ ﬁgleﬂ;g e%g@%q sdol'heiigow emt %ay be contained
interactions with substances which coime into contac
in the fluid which passes through the apparatus. The lining must also resist the
effects of physical and chemical interactions with substances which may come

into contact with the lining.

Although the conventional 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 convenfional
progressing cavity apparatus, For exampie; elastomeric materials tend {o 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

-4



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.
WE6pEREg@ also been made to -4 WO 2008/091262 PCT/US2007/002076
PCT/US2007/002076 improve upon the conventional stator configuration
in order to minimize the limitations of the elastomeric lining. These latter
efforts have resulted in the development of "high performance”
progressing cavity apparatus. In a high performance progressing cavity
apparatus, the inngr surface of the stator tube has a helical loped tube
T B g o TR S TOBE Ao e B ae the
surfisésiopecsiiroehieimay bergenerally cylindrical or may have a
helical lobed profile which substantially matches the helical lobed tube

profile on the inn%surf ce of estz?ﬁ;tor tube, A#elatitg}%l thin and
e

y a cons
substantially CONSTANT thickNeSebPaft Slas &1&% i r? (F |%I§ily?f high
appiiethrntiedi neegariinecel ihastatettsbe (i.e., the helical lobed tube
profile) as a lining. Where the outer surface of the stator tube has a
helical lobed profile which substantially matches the helical lobed tube

profile on the inné? ufte BT REARTS RIS SHH & (5P M ISBRASRIFS maly nmer
alseirfve aStibstttiathpedastantiivakivbses. thtkasrben foapchitiag bign how

PeriREuanGe IO HeEsINALAVIN: SRRARILS-CUF BIOIR SHREMQLIUAYS erally
capacity/pressure caggglty and improved reliability and durahility in

corfiP ATVt BB VG chBF BregieRes iy Slhey Hpp SrRnRn el aRatriste e
therdigtiVeipdhmiznprsiibstaritiaiyrconstént: tficknessotithe 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 rotofarfBliHEYaitim ragoibitamirteg soagtent thickness of an

elastomeric material is typically applied to the inner surface of the stator tube
{i.c., the helical lobed tube profile) as a lining. Where the outer surface of the
stator tube has a helical lobed profile which substantially matches the helical
lobed tube profile on the inner surface of the stator tube, the stator tube itself

may also have a substantially constant thickness.

It has 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 redumced
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.



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 maybe contained in fluids which pass through the
WaaRER1I302 -5 WO 2008/091262 PCT/US2007/002076 Theplidrsape7/002076
contains descriptions of high performance progressing cavity apparatus

and descriptions of methods for fabricating stators for high performance
progressing cavity apparatus. U.S. Patent No. 5,145,342 (Gruber)

describes several designs for a stator, each of which purports to include a
uniform layer thickness of a rubber- elastic insert material..In one
embodiment, the sBftoPiife FHs STRAEH 1558 BPSARk SH t;hlﬁqﬁtsﬂﬁ%%wmce
andpoutgessinfacesty mspsecen dnéndiosctiprénts thierstdbor stdirefhiageating stators
cyIiqg{iﬁpé}pég;m%g%}géggaﬁ&@lei%‘,ﬁgf@pes, but metal wires are
embedded in the rubber-elastic insert material along the lobes in order to
maintain the uniform layer thickness of the rubber-elastic insert material.

The stator tube igidespaibadias Being, Mani@adiare ddscatiasowvembdemgns for
U.S, Gaignt N, 3 didt s BaIR R hleeal DS A OU eSS IR GBWY UMb er-

in which the stator is provided with a substantially constant wall thickness
of aflRTHSHIEHERTHE U PaERPREMS A DP84eb Mk e sehpieh obed
composite ataboth fins tnpeograssing eaxityan ofar adeiaintheibedadmusingiator

a fi%%&d@w@ﬁﬁa&m@a cuired yyithin the g%_aﬁ}grasﬂ%%w Weldnetal wires

multi-lo helical inner'surface and a uniform thickness wall, and an
elastbiianeeiiad inl havirkPsritsiarinsmy T Bietiendys \apptidy fder to
the heliselinger surkace R thelstatasfopmels Tihaspaeribehseentierial. The
statgr,frmerand e fousing may e fled.with, aqdiional, glagtomer or

with resin In order to support thé stator tormer withi the ﬁ%usmg. U.S.

Patent No. 6,158,988 (Jager), U.S. Patent No. 6,162,032 (Jager), U.S.
Patent No. 6,427, 78, (dagat) sad €anadian KeteroAPRIiestossND . progressing

22t/ Siagen dkdgsatbe RrodressingscavianPatatis wch ingide .

thickness of an elastomeric lining.

U.S. Patent No. 5,171,138 (Forrest) describes 2 composite stator
for a progressing cavity motor which includes a housing, a rigid metal stator
former secured within the housing and having a multi-lobed helical inner surface
and a uniform thickness wall, and an elastomeric material having a substazitiaiiy
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 elasiomeric 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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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.
WPHERPNE%6,293,358 (Jager) describes a progressing cavitjyCagrarai#g2076
which includes an outer tubular member, a replaceable thin-wailed -6 WO
2008/091262 PCTIUS2007/002076 inner tubular member extending

within the outer tubular member and supported by the outer tubular
member, and a liner attached to the inner wall of the inner tubular

meger. TR inaialed RRgk AL Bylar MEDRGEhas adeieabisbed, RS e

on both its inner surface and outer surface and is described as bein

proBtidka FE iR M ingrt &1 1nse Sirshetap dbmamen vt srhibaidprer
proggsg acaastiing. to RiowinneiledsnhbS hbaianthianB:8 025 ASHBREDSobed
et al S. Patent No.. 6,568,076 (Bottos et at) and Canadian Patent No. .

5SSO VB S piata S St AL BB M being

apprstuecd Heminind s bedhieklingried siarsr v hawagriteticdefonastion

profilecidiscivnenprefieandadmatahing helical lobed profile on its outer
profile, and a constant thickness of an elastomer layer molded or

attached to the inner profile of the stator tube. It is described that the
constant thicknedd-of tHetetastoened. i tesifotivdess éat Henerdaiont No.

?”%!@tﬁgﬁaw'@%@&?fgf?ﬁéme?ﬂéﬁﬁiﬁﬁ'%%&”ﬁ&t ﬂ'%iﬁé&@@gsfﬁéw tﬁiazjt all
IS rtne escribe a e matcning.inner protiie ana. inner profti 0 e

Sl RS GRS T (R RSB I AR BETG B u seuaaalied
surfégier thils haiviieg cinbetislelabtdnmes fdgeraitd faoiitatingla substamtsdhing

dissiptiansyeigatrbetqdhasnpigl-neat GQRANCHRGRPRadiss f melak er

in comegarisci) #ith the elﬁstomer, material, Furthermore, because the

state 15 IRERK AR HEBRERRFIS I 8hiths SEBMRe sHpistaigioed

houbitglforcdms ettt thbess b St aterstohor 6;369r208t(Botioss dicat) gbhSation
) 8 ..

Fﬁfg%%f% éﬁ%%fiiffﬁf hi{)if?ﬂg fanadian B m@‘%@%&%. It is
g inner profile and inner profile of the stator

tube resuh;s m the stator tube always being proximate to the sealing surface, thus
reinforcing the elastomer layer and facilitating a substantial dissipation of heat
due to the superior heat conducting properties of metal in compaﬁson with the
elastormner material. Furthermore, because the stator is thick walled, it is not

necessary to provide a separate supporiing housing for the stator tube.,

U.S. Patent No. 6,309,195 (Bottos et al), U.S. Patent No.
6,568,076 (Botios 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 pulied 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. .



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
WihaNBRHdEE’ing method is a cold drawing method in which aP§HAGEH HIEETe

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. 7 WO 20Q08/091262 PCT/ 002076 U.S. Ratent No, ..
6,543,132 (Krueg rgétgsasegtn &a%fggljggg a&éﬁ%%r. 5,3%,%?@3@5&%?“
al) bithZeektiihe Emmatror ol nbafufzetoiing metivd o forprdaghirg seradods

tubes: for R RRQr eERINORA MR Bl wRIGhBavs A&yhelinal taked REOLlG BBlical
their inner surface and a cylindrica proflledon trsgjr%%e{j surﬁce. Inﬁ? first ;
martRE RN T8t s HAHdFEIRASIAT S heCaB1580 FRvdiife 8 Thew outer

dispostadewithin @ firetaktalsdianniegnivetimdd thetutsikr memper Jelical lobed
PlagrIeWaREALIBARH AN LOHRSIVVIIOMALE NEORRESHE AHREHO A ember is

thereby moving the tubular member in the same direction. The rollers

rotd B RSHE Forfni AT RIS\ BHSCI T S SREEMER BRYH Fother s dersby
membeing lde méthiad Beebatinu ok watildhBremensuffacecdidizedtde lback and

member AlARs H}%&SJ}E% '&Hﬁﬁngmﬁé&{?ft&%éﬂéﬁﬁ@n{%éﬁc?ﬂg method is

manufacturing method, stator tube is formed by compressing a

ga_
tubGRRSAEb YRS BRFLIRrEee slthe SHRNAmAR bro et hstifpglobed
surtaecdipf thalivbutardnetmber attadins thehdticalinbeatepradilatef &ator tube is

ma@%k&’@?%&ﬁﬁr@%@%@&ﬁ?%@@ gl Mﬁ%@;‘b@{ b&%ﬁaﬁgﬁglﬁhngiing

manufacturing method, a tubular member having therein a mandrel w
helRRIST8 B8 H b &ReaIBsraR O piss Sdhrlnmrarphra Rl uibs adisddabed
aropnithefatersveiackicf e bobulsasae inbRicuntitheinneesbEacek of third
the whularmember Alains g helical lohed profile of the mandrel ina, .
fourth mar?ufacturlne mé&ogﬁr#e%%%bé%?%ﬁagtghge gsa]rxggl%é]lfgl;ﬁétgsa%ﬂmai
ont@geﬁia?@@% % qqgvm@saed with & plurality of dies disposed around the

outer surface of the tubular member until the inner surface of the tubular member
attains the helical lobed profile of the mandrel. In a fourth manufacmring
method, metal is sprayed to a desired thickness onto a frangible mandrel having a
" helical lobed profile, following which the mandre! is removed from the tubular

member.

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 mner surface of the stator tube, which liner has an “optimized” variable
thickness. It is described that the helical lobed profile of the stator tube may be

shaped by any means known in the art including 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
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helical lobed profile, following which the mandrel is removed from the
tubular member. U.S. Patent No. 6,604,921 (Plop et al) and U.S. Patent
No. 6,604,922 (Bache) both describe a stator tube for a progressing
WERMFHHBEr which has a helical lobed profile on its inner sEF3AGESHRGW2076
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 stator tube may be shaped by any means known in

the}%ﬂc’ﬁﬁ'&%ﬁ%f@ﬁ@gﬂn&u%&%ﬁﬂc@%ﬂ&% A%@r L{Ir%agaa{ﬁgrteWPIOV1dln ga
666,668 (Kaechele), U.S. Patent No. 6,716,008 (Kachele) and

Caﬁ%ﬁmw@hﬁheﬁ%me&@ﬁ {15, 32387 88% (RAfEIeldy g deBLRBaioathe inner
statarfarapthgsessingog wiyiaphaiat utswhichsioeliscennsia o dabagvith a
-8 WO 2008/091262 PCT/IT S2007/002076 helical lobed profile on its

inner surface and its outer surface, thereby providing a constant wall

thickness of the $fatoF@ipet MadGdifts hpbrewxctdidaeiseyfacacgiod for
thershriag twbgt oy ighal i;ﬁﬂ@g@dﬁagmagcpﬁk&@nbmuxﬁﬁﬁk@&&& b 1 1s a rigid-

Patenlt} met%?% G%a(vl'irelma)rlugma{)l S “be ltff~1 th&d} so { mak e and iis
stator for agﬁrogressmg C Vlty pump, reln es ator tube IS a r|g|8

walBEREE: ‘t&-bg‘h%@hﬁ@%ﬂféhéﬂ%é&hﬁrtﬁlf@@w@@mﬁﬁélﬁﬂﬁmgsnm&éibe to
and ﬁc%ﬁ@&é“ﬁr%ﬁlﬁmﬁhﬁmh@fsﬂ? zf%twéﬁa%d‘@gm gtsiapy ﬁum%urwy a
metal tu reliminary. mechanjcal-forming step to preform

shé%é o?owe(ﬂ?yg SERniVETS i té Yo W@ﬁﬁh? r&ﬁ g% e
is W@Wtuﬁpt@@@ﬁ@foﬁhm@pmd@stomebh)m@dxsmmbm}ﬂmem outer

mogtiad WHRIR Rk caaD eMRICR fQmsIa housing for the stator tube.
Canadian Patent Application No. 2,409,054 (Kaiser or al) and Canadian

Patent Application No. 2,412,209 (Kaiser et al) both describe a
hydroforming prdeessifen fEatsrigipplataidubl dorRadpolfré sSinipeavityal) and

apPRAEME®n Patent Application No. 2,412,209 (Kaiser ot al}) both describe a
hydroforming process for forming a stator tube for a progressing cavity apparatus
in which a tube is placed in 2 hydroforming fixture and then subjected to a
hydreforming process to produce a stator tube which has a helical lobed profile
on both its inmer surface and its outer surface. These patent applications
contemplate a thin walled embodiment of a stator tube in which the stator tube is
mounted inside a support housing and a thick walled embodiment in which the

support housing is omitied.

Electroforming is effectively a variation of 2 conventional
electroplating process. Both electroplating and electroforming involve
electrodeposition of metal onto a cathode in an elecirolytic 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 sclf supporting structure. As a result,

- electroforming may be used for the production of metal parts which must exhibit
structural strength and integrity. |

In electroforming, 2 conductive mandrel having a desired mandrel

profile on its outer surface is first provided as a cathode in a suitable electrolytic

-9.



in which a tube is placed in a hydrofonning fixture and then subjected to a
hydroforming process to produce a stator tube which has a helical lobed
profile on both its inner surface and its outer surface. These patent
WEIMBANES contemplate a thin walled embodiment of a statoFtFdar{v02076
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 electrodeposition

of metal ppto a cathode, in an electrolytic cell. However, while .

oo B B RIS e SR S e it desired
coatlrigsnesa sndubporihegebidnt] blechatderningedrerdepisitethastal, leaving a
elecrodergsiiion AlcMuEN.IDICKEE 031Ngs WhIFREEN B8 1AS @S the mandrel

supporting structure. As a result, electroforming may be used for the
prodt bh of metal parts which must exhibit structural strength and
integrity. In electroforming, a conductive mandrel having a desired

- mandrel profile op jts,gutersirface is. st Provided as; hgidted from
suitable electrolytic -9 WO 2008/091262 PCT/US20Q7/002076 _cell. Metal

is efOGHEEER B TR b PSRTARE SRHERMARUAETT Ry denesied metal
thickheiss Bmdothentthednaniedliis sepehatechétoparths eepositedoféaipandrel,

leavijﬂgrﬁmm?éﬁﬁl hggs@m&aﬁcﬁlpﬁ?g@eﬁ&ﬁt@d QH@Ea?U{f %ﬂ%@'&% mandrel,

matches the mandrel profile. For some mandrel profiles, the mandrel may
be SBARIAH TR REnGEHoRiBY MRS ISRIBY BRI IHG 4 mandrel

from the deposited metal shell. For other mandrel profiles which do not

permit extraction pidhe MAnAel.. 106 0andrel mavhe, Sﬁ?%@%&dg@é@sﬂi&m

deposited metal by melting the mandrel, by dissolving the mandrel, or by
othSRIBE Y StiTMy hePATaNdrch ENeetBrOTRTING SifalbidEamE SrodtrsmRcture-
of nEitetpicendhaving eantilexsintetoashapas poiehinaybitesldsediermed

diﬁi%%tatp @%%Bas?ttﬁl:ﬁein layers with a fully developed fine grained structure.
Finally, eléctmfcrm_ing is very precise and can therefore reproduce the mandrel
profile virtually exactly, without the shrinkage and distortion which may be
associated with other metal forming techniques, such as casting, stamping,

rolling, drawing, extruding etc.

Because electroforming is effectively 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
compasition of the electrolytic bath) may be made in a similar manner as in é

conventional electroplating pmcéss.

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 inciuding 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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Electroformed metal exhibits superior material properties, since
electrofommed metal is deposited in layers with a fully developed fine
grained structure. Finally, electroforming is very precise and can therefore
reproduce the mandrel profile virtually exactly, without the shrinkage and

distortion which_may be associated with other metal forming techniques,
such as casting{rgta?grﬁmgﬁ?ofﬁtf ?&%ﬁg{ﬁngx‘ﬁﬁ?nﬁe\%‘iﬂbﬁééﬁgg tooling
epestatormioly isiaffectivelyi@nalaciio platogierocess) dhe w&eﬁﬂm”' fithao
metal to be deposited the components of the electro|ytic ce .
(R 48 SN OBELHE O0IER <H5oh M 48 el SFaREAS Apghining
carmpasitipotafdie efedidolytiefhathjamayabenriadedn ésimiaginanaes agid

ina convention?l e[e%froplati rocess.aLJ.S. atent No, 4,461,678
(B o L KGR oF SO BRI el A s t
etéathofbrpeiiy progessyfimwhithothe @lecupid rpingmmandrekbsensistsofa a

mandrel mbly: including a plurality of interconn Qteg formin :
AR icR FaF g APl e BN RLS e rra AL P
imestiersoseparatedhamaateiassainbly from the electrodeposited
metal shell which results from the electroforming process. 10 U.S. Patent

No. 6,409,902 (Yang et al) describes a rapid tooling process which
integrates solid freaform fabribatiobdS EBpwithietectrafodasingbto  proghsceor
i i |es. trical discharge machinin
e e F TR e
répldopressngiayimasreraing a conforming anode. Electroforming is then
used to electrodeposit a layer of metal onto the rapid prototyping master
to form a cathode shell on the rapid prototyping master. Finally, the rapid
Ymaster is removed from the cathode shell. 10 The prior art

described aboye,fags Not JesalibeSUIIRSLRS HORLEMPIaLE the HReal for

electroforming for the manufacture of stator tubes for use
use in producing a stator for a progressing cavity apparatus. Embodiments of the

present invention are also directed at a stator tube and at a stator comprising a

stator tube.

A method according o an embodiment of the invention involves
the use of electroforming to produce a stator tube. The stator tube according to an
embodiment 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.

According to a first aspect of the present invention, there is
provided a method for use in producing a stator for a progressing cavity

apparatus, the method comprising;
(&) 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;

- 11~
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in progressing cavity apparatus. 15 SUMMARY Embodiments of the
present invention are directed at a method for use in producing a stator
for a progressing cavity apparatus. Embodiments of the present invention
are also directed at a stator tube and at a stator comprising a stator tube.
20 A method according to an embodiment of the invention involves the
use of electroforming to produce a stator tube. The stator tube according
to an embodiment of the invention may be comprised of an electroformed

deposit $fa d&SSManARENE PhlistIEis o iR FRASHRE S RoATRidhY TRigr
stator tube whigihe25:0ayha:aompiisad of an sleataternedidrpesit of a

deposited metal. According to a first aspect of the present invention, there
s providad a method for se I produging, g stator for 2 Progreesing caviy,
apparatus, the'methodt"comprising: (ea) providing a stator tube
electroforming ¢handietic(b}linendporating the stator tube electroforming
mandrel into an electrolytic cell so that a cathode of the electrolytic cell is

Compfis&‘i of t@@pﬁ%%{u&% eé%gpf%ggnglg&%%ﬁjﬁiﬂgl (fhndrel from the

electrodepositing a thickness of a deposited metal onto the stator tube
electroforming $iteferashd@estrofetivin Begosingd) rEmsVingsthaherein

stator tube elegitofprming,mandrghitom frenoglesalviic sall,and (e)
separating the stator tube electroforming mandrel from the electrofonmed
deposit, thereby producing a stator tube, wherein the stator tube is

comprised of the electroformed deposit. 10 According to a second aspect

of the preSefEiREARON CHREBSIEBT ViHE PSS BIVRIBE To L5 15 SupEdiifyt 2
Cauibr apparatis avheyeitdhe stalantubsbigatus, wherein the stator tube is

comprised of an electroformed deposit of a deposited metal and wherein the

stator tube is produced by a 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;

{c) electrodepositing a thickness of a deposited metal onto the stator

tube electroforming mandrel as an electroformed deposit;

(d) removing the stator tube electroforming mandrel from the

electrolytic cell; and

(e) separating the stator tube electroforming mandrel from the
electroformed deposit, thereby producing the stator tube, wherein

the stator tube 1s comprised of the electroformed deposit.
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20

comprised of an electroformed deposit of a deposited metal and wherein
the stator tube is produced by a method comprising: (a) providing a stator
tube electroforming mandrel; 15 (b) incorporating the stator tube
electrofonming mandrel into an electrolytic cell so that a cathode of the
electrolytic cell is comprised of the stator tube electroforming mandrel; (c)

electrodeposi ing a thi ss of 05|ted metal onto th stator tub
electrof gﬁ?ﬁézﬁ?atr?d?’ %ég A Sffc(t rlﬁreae&teﬁ)%‘éel t (5% femovir %ed &
siator tﬂbeaetaetgfﬁsmﬁgngam@ndp@hfm thie: ata&trobﬁmeﬂn@nad s(a)or tube
separating the stator tube electrafor mandre troforme
DB TR PR EYBRIONTY e Gkt BTG, BRI S5t L e
Q@mlaﬁslsad@f dheeleclipdarmendgpesituriik? Atchedingdo @mbbindaspetical
E e present i entlon there.is provided a stator for a % %r%ssmgmee{m%

APPeTaftls thE%t éﬁo?lt% iy PSS e e othphi

nggtgs@lfgﬂ@ed deposit of a deposited metal, Whereln the stator tube has
an inner surface, wherein the inner surface of the stator tube has a helical
5 lobed (Itrjbe prof Ie nd wpat%reltn the st%to tube is IIg)ro((ill_a:ed by a method

compris (afper\c?w %6% s?atéleru lgce ectrorot Ing mandrel; (b)

incorporating the stator tube electroforming mandrel into an electrolytic
cell so tffat a cartwderstitige e ctioiytid e Getoodormprigethaidi stitoran

tube electroforming. majadrel; () elggirodepasiing 2 tﬁtgk@%%%r&fvﬁc cell is

deposited metal ontothe stator tube electroforming mandrel as ‘an
electroformed depositesdd) bmovinyithe stetbpiabieieieowofseming
mandrel from the electrolytic cell; and 15 (e) separating the stator tube

electroforming JpapdehfQmhNe thickness of a deposited metal onto the stator

tube electroforming mandrel as an electroformed deposit;

(d) removing the stator tube electroforming mandrel from the

electrolytic cell; and

(e) separating the stator tube electroforming mandrel from the
electroformed deposit, thereby producing the stator tube, wherein

the stator tube is comprised of the electroformed deposit.

The progressing cavity apparatus may be comprised of any
machine which includes a rotor having a helical lobed rotor profile which 1s
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.
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electroformed deposit, thereby producing the stator tube, wherein the
stator tube is comprised of the electroformed deposit. The progressing
cavity apparatus may be comprised of any 20 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. - 12a The progressing cavity apparatus may or
may not includéin PEIES ST REr MM PRBRIEES 1o e SB@WEUP%C@M an
relgit@neRr tathe ippaedsifacenfithestater tibae Forexamplei@the inner
elastomerjc Enin may not b 5_requér§% if the stator tube is sufficientl
ARt 1BSIRAP Lo BESabIEto AGEBNm Btk THAES RO GtEn DY i
redgiivedilef stk penaittinganefeffivienseat betiween thestiotar andsthable o

stator tube. The progressing cavit aratus may include.an elastomeric
g AR AR E e A T G o APIhe. PEBiy o Refdgaly ™
tecthidhdnmeristiifacecohilietistatardubee.- TRb pQ 200810912 GAparatus may
F?C]'/g82007]/0%2076 'f.he elasg)mer'c Iit%pqima be com r]ised of an Hed
mAteHal oF CombInation of faterals WHICH are saitable Tor providing o >
résifight lining fordaeptiograssingicavinnapparatiase Thef elastomsrAmtiningbe.
may be comprised of rubber. The rubber may be comprised of a nitrile
rubber material which in turn comprises butadiene and acrylonitrile. A
rubber which comprises the elastomeric lining may be a component of a
rubber compound which may also be comprised of one or more
reinforcing materials, curing agents, accelerators, plasticizers etc. The
progressing cavity apparatus may be a conventional progressing cavity
apparatus in which the inner surface of the stator tube has a substantially
cylindrical tube profile, so that the helical lobed stator profile is
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provided solely by the profile of the elastomeric lining. However, stator
tubes for conventional progressing cavity apparatus are relatively simple
to manufacture using conventional manufacturing methods, with the
WEegii/tE 2electroforming may not provide great benefits inRR&/US2007/002676
manufacture of stator tubes for conventional progressing cavity
apparatus. The progressing cavity apparatus may be a high performance
progressing cavity apparatus in which the inner surface of the stator tube
has a helical lobed tube profile, since electroforming may greatly simplify
the manufacture of such stator tubes. The outer surface of the stator, tub

may have a_heliCBPIGRSCHBHfe B g&nBIRIyPE FRERESSS Sthe™ rsr%a%g ot

othesrpsafileotnednyaeaens, Wschuter sutiaberof #restier aulseilient lining for a

eleghiolauming mandishaas.a mand <hpilleandihed ubapiligaighe of

innBr SUFace of the stator tube is complementary to the mandrf!fﬂxr{) "?nm
file. FO

C 3
so tHEPhe THSETRBHETRY BRECHBTFHERhER BT M ERPSh BPRIBIY :
exapplgistiheoutbamuriace at-fhenitdior tulbe elddteofonicy rremarises  the

has %s%gb%tam';%&'x%%g;p%@%gg%s}g{a{t REQMIgn e JNREL SHETAGRRT S also be

stafof {UDe has a s antially drical tube profile. Similarly, if the

outePmFiaR of (PRS SPALTRITO EENERIFBTE RMEF1Hin GHEIR B REE R REf ol eTators.

lobgghsnandrekprofile, 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 -13 WO 2008/091o52ES/(FSE00 7700205 sTHE S the KATGRHional

tubg basahelicaliohes dxbesprofileiwhieb iscensplermentae ioathe fibkidals 2
lobed mandrel prafile. . The deposited metal may b r W :

o SR RGP SR S oo e e R B el profile s
requiretdticiaiebsbpitte tre Bmrl fbeletkenoisrimmpmaiRivey endtaipichbes

is sgitablg{cugitadis sherisalandionphypisabpioparies:ionuse iritple to
stator tuhe. For example, the. depasited.metal may he com r'ﬁeﬁ of
} ot sult that
copPaP HERER c‘fﬁ‘BﬁﬁT’f’rﬂ‘f%"gb"a Ao Aorng oo G0 W O e
electroforming may not provide great benefits in the manufacture of stator tubes

for conventional progressing cavity apparatus.

The progressing cavity apparatus may be a high perfornmance
progressing cavity apparatus in which the inner surface of the stator tube has 2
helical lobed tube profile, since elecwoforming may greatly simplify the
manufacture of such stator tubes. The outer surface of the stator tohe may have a

helical lobed profiie, 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 tbe 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 substantialiy cylindrical mbe
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 wibe 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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alloys containing these metals. The deposited metal may be comprised of
copper, nickel and/or alloys containing copper and/or nickel. One
exemplary alloy which may be suitable for use as the deposited metal in
W8N is a nickel cobalt alloy containing nickel and cSbEKR32ME02076
electrolytic cell, including the composition of the electrolytic bath and the
anode, is selected to be compatible with the choice of deposited metal.
The stator tube electroforming mandrel may be comprised of any material
.or combination of materials which is suitable for use as a cathode in an

electrglytic cell, which is s itabiﬁ: or as a.tem ry su portg) 1
IR o R B b i ek o e TR SR Bl temervary
elettribfongii deposmandndurefilsstantially damaging the electroformed

deposit,, Depending upon the circumstances and subject to the ' above
criteria, exemplagy materials which may be suitable for. use in.the stator
tube electroform 8%*\%1cﬁ%tgi m%‘?&i,%sﬁ%?“\ﬁ‘é‘ieﬁd’n@vo% , %‘?\ﬁéllm
as conthbinduo g anddempoditesaiofmh elsidmrials:E e mpraniriethigkness
maypctidesSiainiess siealoaliminy MaRdyateus alleys: EXemRIatte to its

plastics may include thermoplastics, poly vinyl chloride

PVC
pOISRERAL AU IR A PE b IS FelTars %%%%3%% ag’eat%%’épﬁ% the
an édpotithitimerll may Hacloserisedodwcprernmicrdl ohmmajuinckelalh and/or

nonseandugtive materialvhichishagheensiufane iaated o HOvdedised of
conductive coating. -14 WO 2008/091262 PCT/US2007/002076 Suitable

matQHBFE fIHHEE H TG T LRI (AR R R R B T a SPs te goplary
metdlomnaxhinielochy daaicrtad doausembihatizpadfimbtesalsiwtiichnhagion is 2

sufﬁﬂg&t&;ggﬂg;ﬁ%&gmy%@iwggg5ang_eposited metal while it is

being electrodeposited onto the stator tube electroforming mandrel.
Suitable materials for separation of the stator tube eleetroforming
mandrel from theTaleeteatarped @ipositmiin gl ependanssinon diehpreifiterofytic

thebath and the anode, is selected to be compatible with the choice of deposited

metal,

. The stator tube electroforming mandrel may be comprised of any
material or combination of materials which is suitable for use as a cathode in an
eiectrolytic cell, which is suitable for use as a temporary supporting 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 inclucic
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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stator tube electroforming mandrel and the resulting stator tube and thus
the manner in which the stator tube electroforming mandrel must be
separated from the electroformed deposit. If the stator tube
WEIgeqPeriAsing mandrel can be separated from the electrof&A&d HEHBEPTE
by being extracted from the electroformed deposit without damaging or
destroying either the stator tube electroforming mandrel or the
electroformed deposit, the stator tube electroforming mandrel may be
constructed of a material which can withstand the extraction. If the stator
tube electroforming mandrel cannot be separated from the electroformed

deposit without dEFEATTRS Tt &3 i eitha BRPSTATY SYRpRIting structure for
elegtiofeppingdnasdiehey iheipdecipinemahbdepasitbthaistatal tabeials which
electroforeing mandrelmay be Sensbcisl afamateriabaueidtal Utie i« i
stator tibe  electroro ing man%’refycan sacrificed in order to separate

the stintecteteodspesiistb Anin hmEARIPRe flaprcdrativtanMddeposit. In
such circumstances, the stator tube electroforming mandrel may be

dissolved, meltedgor. i Iran%%ble 1'so that the stator.tube e{ec ogorerpei

N form
mandrel may be é‘ﬁtgra?eﬁ ron f’hfgreTg%?Fgﬁ)or?n%% %Fs)tgs?tr by gisscﬁvﬁﬁammg

the rstatoeliberekbetdfotrafogmdrtinsisibyrn slapendeatsias taperofile of the
eleclraiprming opansksinprdvbraaking dhe stataniuhe SIeetralpsming thus the

mandrel. The stator tube electroforming mandrel may also be, collapsibl

or R TR BB T BT AP BT T A Perat rom
indéperdentifosaphrablesiitom the electroformed deposit. 15 WO
2008/091262 PCT/US2007/002076 In some embodiments, the deposited

metal is comprised. of copper, nickel and/or one Or%ﬁg{%ﬁ alloys contain

ing
copper and/or nickelP &8k dH5IE e B b Gkt ﬁ?»gybgeseparater& from
compeissiecobioneked| depvalt aljopetgnaitivgedidkela tics colbaitoimerstadgposit

tube, SiRcHHIRIBIRG BB D SORRAIRG 1000 V- RIARHAIARAStharel o

depasit by dissolv ng odr meItin%ht e stator tube
< e

the electroforme POSit, stator tube electroforming mandrel may be

constructed of a maiterial which can withstand the extraction.

If the stator tube electroforming mandrel cannot be separated
from the electroformeé deposit without damaging or destroying either the stator
tube electroforming mandrel or the electroformed deposit, the stator tube
electroforming mandrel may be constructed of a material such that the stator tube
electroforming mandrel can be sacrificed ig order to separate the stator tube

electroforming mandrel from the electroformed deposit.

In such circumstances, the stafor tube electroforming mandrel
may be disselved, 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 mbe electroforming

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

separable from the electroformed deposit.
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electroforming mandrel. The stator tube electroforming mandrel may be
separated from the electroformed deposit by melting, in which case the
stator tube electroforming mandrel should be comprised of a material
WRIRIEK/#4853 lower melting point than the electroformed depBsiUFHE7/002076
stator tube electroforming mandrel may be constructed of a material
substantially comprised of aluminum and/or an alloy containing
aluminum, which material has a much lower melting point than that of
copper, nickel and most if not all alloys containing these metals. The
thickness of the electroformed deposit is dependent upon the -

requirements of e SP585r fEpRediteste oftudtRssietignRidticreerase of
chosewpeie positE chndétal o¥s @ firste xiimplectiteistes tcofpeneddeposiketill For

tend 10 ARLE the eé@PX&'ﬂé&%%@PHH&EWQ@?@E@&&HT%F IGCHRAGPAIHAN Aoy

the deposited metal onto the stator tube electroforming mandrel will tend

to bEPHERTRREI e 2 sehaltu i TruiEsinh Srsu RseE YR IRERg seefsrhisgy be
depagithasidrhelidal hhecprofde dopeBLber Gwitce obihastiegithtormesd tmbe

q L t ; li ile. icakl
T e

surfedtahdien disrslrrbaiaapediterarit Lateriing Mayhbd eitRddsrtator
a subistastiatip ylitdgcalkaiepeshoiiosotmptiver desitesabape wilich has a
modjying Etl%é?éﬂéer AEaGE h?n%“te% SurRce may; be modified SIther BY ¢ e
adding material to t?ne outer surrace or%y removing rhaterial from the

outét SHpiREE N R AN GRRE DR FRETAP S fhaterTapteas sebsEmE At gomprised
eithef briotewr aftesthe siiordhealectnienming wanrdralisesepasatechnch

fro e&% roforme ’ﬁe osit..-16 WO 2008/091262 .

PCI;]L?EJQ%Q ) %38@28%& a?g‘rig}%gg beTeTove #o?‘nn?hxen Bilitef Qftad gflove
the El8EBRE RS dBPBLIH by any suitable method, such as for example by
machining

The thickness of the ¢lectroformed deposit is dependent upon the

requirements of the stator fube and the elecirodeposition limitations of the

chosen deposited metal.

As a first example, the 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. Asa
result, if the inner surface of the eleciroformed 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 remmoving 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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the outer surface. If the outer surface of the electroformed deposit is to be

machined, the thickness of the electroformed deposit should be sufficient

to accommodate such machining and to provide a desired nominal
waiameterwkthe stator tube. As a second example, the thickMEBT BR©G2076

electroformed deposit should be sufficient so that the stator tube will have

a required strength and rigidity. If the stator will not comprise a supporting

stator housing, the electroformed deposit should be thick enough so that

the stator tube has sufficient strength and rigidity to withstand the

stresses applied to the progressing cavity apparatus. The stator may,

however, be furthépicsmprzad dfca supportngrastatdrhoemiery serfes thé the

StatEdHB R lenBOEEH: 5, A8 SHRROIEREHBI RN N i HalPmachining
co rlsesasl%;%egortl g}gtor hou&E%, the (Eéquw dthlicoknes ftgle is.to be
eleffoBHRe 8865 sitmay RS THAR i Ho ﬁpeg%?ﬁﬁg A rBeEh Y id

providednsihciithéisisippssrigtistatdbrdwodsingdndypordisie il dreaguditdirmt to
of thecdiehtark-sthen ot and oidityofihe MatoheE L aHRRS: Hilhesialetne

is comprised of a supporting stator housing, the stator tube may
opt%ﬁ@ﬁ%'oonstructed as a "thin walled" stator tube which can
accommodate some or all of the relative movement between the rotor

and the stator, i“M%&ﬁﬁ?&&ﬁpigkﬁ%m&%se&s}ﬁméﬁﬂé@ﬂ}%mﬁ&%m

reduced or possibly eliminated altoagfther. If the stator is comprised of a
supBiidgbstattiRtsasiag, b Gasitanatnyih BoSef WhkFpdErength and
suppgiding §tafotriaou&img mechmrﬁsdubes@pﬁféﬁgy sampo?sta@ihg, the
the SURPIICL S1A10L NAUSING AR NAMEL NG S 1P MPCHDAYIEWHIID 1o
the supporting stator housing such that there is a clearance between the

stafSF BT hntrmeSuspermg datorh ottt Wo stewsorpeled o the
P Chtu& 2007 Qa20Y epddrenstator tube may be mounted within the
supporting stator '
The stator may, however, be further comprised of a supperting
stator housing so that the stator tube is mounted in the supporting stator housing.
If the stator comprises a supporting stator housing, the required thickness of the
electroformed deposit may be less than if no supporting stator housing is
provided, since the supporting stator housing may provide all or a portion of the

required strength and rigidity of the stator.

Purthermore, if the stator is comprised of a supporting stator
housing, the stator tube may optionally be constructed as a “thin walled” stator
tube which can accommodate some or gii of the relative movement between the
rotor and the stator, in which case the thickness 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.

-17 -



housing in any suitable manner. For example, if the stator tube is to fit
closely within the supporting stator housing, a press fit or interference fit
may be provided between the components. If a clearance is provided
wWeeteshi e stator tube and the supporting stator housing, RG&/8t2ah AiRers
may be mounted inside the supporting stator housing using suitable

fittings, brackets, connectors etc. to form a joint or joints between the
components and by using suitable fasteners or welding or

electrodeposition to fasten the stator tube and the supporting stator

housing together at the joints. All or portions of the outer surface of the

stator tube and tR@gnfiaicsuithe cefithies soppotta gretdior Weusamgariyg stator

alsmbesRievidad, Mtﬁm@fﬁmgrprpﬁ@wevmﬂeiaa@mIi@i@ fit closely
moun%1 of the stagorl;[ub%awn in the supporting _stator, ho %] f? Yoo b
case, an annularpgpacl:egmaycg Hefile BebiEen sl Br &' hdnay oe

statprovidedapdwieensihisporingrstattor Housirgarcsi ﬂepmméwfhbm:béle stator

intreghiceckinge ébﬁp%&%%'izﬁ%ﬁ@dﬁﬂy dek Qapsevide aaditonalsHBRMtide the
for the stator tube V\éthln the su portlgﬁ%%ator h u3| . The filler material

may " BP Thayeror Sl g?a?}ﬁ%ﬁff B IEPEha%R° % FABPIARES 5T ioafp™
be cojnprised jofrtnybsbitedsl ctimateriglomente rmiin hifonsofgrmicaidits fEomers or

exawatﬁngﬂsrf@ﬁamtggaatm@m%@éﬁ%@e&aﬁe&aﬂ@é'm%ﬁ@%@%ghﬁm

as an elastomeric material, such as for example an elastomeric material

SimTISPEE EhES s 751 d WSt A8 Rﬁfﬁlﬁnﬁ’ﬁé Htfe PUTRER SRR AT HRStator
be ¢obeprisethoimeemtifely osiidcrmgtpodingschtashawengentymatealprovided

such,fg IRLEXRPRIS &R0l 'Bﬁ*fv?@éﬂgﬂﬁ§lﬂ&l?a@ﬁ1% eSS i stator tube

resilient filler material may facilitate’ some radial deformation of the stator
tub& \PRENS FRPANIGS ST 89 %end to inhibit radial deformation of the

stator tube. As indicated, an elastomeric lining may be applied directly or

indirectly to the inpief.suface of the, siatariub #@Ef%%eﬁé? P'5Lileen fllora

accommodatln%the complex relative moveme etween the rotor an
statBPrHgH s e iRt b and éleﬁfﬁ}feﬂﬂvli&ﬂrémrtéquﬁgn&ccérﬁm%m@mai

the medgtiveintroduced into the annular space in order to provide additional support
for the stator tube within the supporting stator housing. The filler material may

or may not substantially fill the annular space.

The filler material may be comprised of any suitable material or
combination of 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 s 2 cement
‘material, such as for example = polymer cement such as an epoxy cement. A
resilient filler material may facilitate some radial deformation of the stator tube
whiie 2 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 o 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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movement. The elastomeric lining may be applied indirectly to the inner
surface -18 WO 2008/091262 PCT/US2007/002076 of the stator tube by
being incorporated into a composite material sleeve which is inserted
waighia/thestator tube. The elastomeric lining maybe appliedP§iFEcRpEd e 76
inner surface of the stator tube so that the elastomeric lining is physically
or chemically attached to the inner surface of the stator tube. The
elastomeric lining may be applied to the inner surface of the stator tube in
any suitable manner. For example, the elastomeric lining may be applied
to the inner surface of the stator tube using a process which involves =
ins@ftifg HASRRS YRS SEIBF RS SUR R SRR iRl eRgcyhich is
theifpemeandiihia thaatsoriase. of the stator tube, and then removing the
form. The elastomeric lining will define the helical lobed stator profile as a
result of the shape of the form. If the inner surface of the stator tube has a

cylindrical tube proH&lasieneic ABBaRStROPRIBRTNRFBE lechn SansoraRface

by éheplagtemenisdiningnuitihtheiremiidhatihehickprss @fither chemically

elastomeric g wil vancthrougout e lransvgrse cigss secton of he, o
progresfsmg cavl y apparatus, If the inner sur ace_ ofthe's a or tube S
heligzilisBeie tiise iprsfilsurfire hediche |stster Suheriprafile migthe ufmey  For

botb:athe, kelicaldehediibeinpraiile shdhyithacastome G ininds StAe tator
the elastomeric linin ma%be applied to,have a sub tantialle/c nstant
g Ifﬁé} ﬁ;?

thick &SRR S MRS S0 TR B TR ReFE0HARE offh SEISTofPe
tub&ipdternatiielygimeitet babectmetbhdperoftidetformmenayairovidb the stator

stateherafitedicthis ananiatign.ef 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 alShbelaseatriprédngerdlbdtbnsfthalpiogidosing tatertyrofile

app@rﬁtf&uw%@r&é%%&@fgféﬁe%ﬂ.ri%ﬁéqzﬁiéft%%%-og he Si3lor MW has a
Q

be further.comprised gf an elastomeric lining and may be further
cylindrical tibe proiile, the helical lobed stator profilé Wﬂl be defined solely by

the elastomeric hning, with the result that the thickness of the elastomeric lining
will vary throughout the transverse cross section of the progressing cavity
apparatus, If the inner surface of the stator tube has 2 helical lobed tube profile,
the helical lobed stator profile may be defined both by the helical lobed tube
profile and by the elastomeric lining, since the elastomeric 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 mvention may be used to produce a stator tube for a
progressing cavity apparatus. The invention may also be used to produce 2 stator
for a progressing cavity apparatus, where the stator is oompﬁsé 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 ﬁl;'ther comprised of other structures and features of the type

typically associated with stators for progressing cavity apparatus.
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comprised of a supporting stator housing for supporting the stator tube.
The stator may also be further comprised of other structures and features
of the type typically associated with stators for progressing cavity
Wappsranaze2-19 WO 2005/091262 PCT/US2007/002076 BRYERFUS2007/202076
DESCRIPTION OF DRAWINGS Embodiments of the invention will now be
described with reference to the accompanying drawings, in which: Figure
1 is a schematic drawing of an electrolytic cell configured for
electrodeposition by electroforming. Figure 2 is a schematic drawing
depicting the separation of an electroformed deposit from an
el BB rRER-RENHENSHoWIRS VEIBEaD deposition of the electroformed
deposit by electroforming. Figure 3 is a transverse cross-section drawing
of a stator for a_pighperiormance,progessing v, aRparaUeeerinea witt
comprising a stator tube and an elastomeric lining, wherein the inner
surkfeteotalie bratorenmandnsdreigsobethigibe profile, the outer
surface of the stator tube has a substantially cylindrical profile, and the
elastomeric lining.has a substantially constant thickness. Eigure 4.is a
ransveros oross EEoh B QREHE SR B A B1 ngured
préparéecfordgpesitiprbiuBhvgeiseioetube 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 depBSiEat ah HEPREREUC HEtHI 5 SCRILFEE ¥ ifffgeuon of an
prodemsticirotel statepastordingto the firsteemtbourment ohtndrirlverfiiawing
whaindhsuiri-syriace it iiesleciralpunedy @fe%ﬁ%féﬂﬁ-ﬁr%.hel'cal 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 seétigne Siagesirztiveveree uetisnsefdostatavaocgordiagtodhdor a

ﬂf%‘iigm BQH%QEQ progressing cavity apparatus comprising a stator tube and an

elastomeric lining, wherein the inner surfaces of the stator tube has 2 helical lobed

tube profile, the outer surface of the stator tube has a substanfially cylindrical

profiie, and the clastomeric lining has a substantially constant thickness.

Figure 4 1is a ftransverse cross-section of a stator tube
electroforming mandrel, prepared for use in producing a stator tube using

electroforming according to a first embodiment of the invention.

Figure 5 is a2 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 Iransverse cross-section of the stator fube
electroforming mandrel of Figure 4.and the electroformed deposit of Figure 5, at
a second stagé 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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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. -20 WO 2008/091262
WRCIMAAS2007/002076 Figure 7 is a transverse cross-sectioREGBSSIaia02676

tube, at a third stage in the production of a stator according to the first

embodiment of the invention, wherein the stator tube is comprised of the

electroformed deposit of Figure 6, and wherein the stator tube

electroforming mandrel has been separated from the electroformed

deposit in order to produce the stator tube from the electroformed

deposit.. Figure 8 is a transverse cross-section of the stator tube of Figure

7 and a form foFysgdry applyingsaaralasiomessgilining todatimnbe sarfadbird

of {he Siatghube,.al A fouih slags. Tfis Aloduergs ata SalRLASAIdRdne

to the Tirst emlg)odcllment of the mvention. Igute 9 is a transverse .
crosycnéictiovarIPiE SatBiih &b MgtIBPTSReofort sierffiuachdanasit of
elastamesicliningappliesktathe inpeerktacaninthmaidier habcat adiftuted
stage in the production of a stator. accqrding to the first e imen
e e o FAGERTE o oo S ol S0t et e el e
FiglrerFlamuethdeplzsitomeric 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. {0 the first embodiment of the .invention, Figu i
transverse cross.488ion oF A SIStSF fiBe of Efgﬁrg?%etﬁtg%a%et%%ﬁ?gu e
linim of Figuréed vassimpmtinestatolnouRmg, o tlbe ipaterarfieamet the
angyiar sRacebatween hestalonibs andithe SuppRIingGEEnRUsIBfirst
at an optional seventh stage in the production of a stator according to the
firsTERAGEHTRERt %gﬁtﬁ}é’ff &fition, wherein a clearance is provided

between the stator tube and the supporting stator housing.
Figure 9 is a transverse cross-section of the stator tube of Figure

7, the form of Figure 8, 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 ihe first

embodiment of the invention.

Figure 10 is a transvesse 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 anmular 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 nse in producing a stator tube using

electroforming according to a second embodiment of the invention.
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Figure 12 is a transverse cross-section of a stator tube electrofonning

mandrel, prepared for use in producing a stator tube using electroforming

according to a second embodiment of the invention. -21 WO 2008/091262

WRCHAIB2307/002076 Figure 13 is a transverse cross-sectid§ i HIe03wesy 6

tube electroforming mandrel of Figure 12 and an electroformed deposit of

an deposited metal, at a first stage in the production of a stator according

to the second embodiment of the invention, wherein the outer surface of

the electroformed deposit has a helical lobed profile. Figure 14 is a

transverse cross-section of the stator tube electroforming mandrel of

Figure 12 and th&glertrdfdrired: depositobFiguse-i;tiat adedondssttge tube

In 15 AEQGIAR Gha-dRICLACRIANOID U SEEOB-EBIORAMSMRALING s an
a

invention, wherein the outer surface of the electroformed deposit has

bediPSERER Ao GidES: H88Rdl AsMmItAdetd® FataraTarung to the
transcergle erpissdseetionddf hstatiordibe;, atehthiid stegemetheypfackictibnthe
of %F&@&%@'@}%?Q&Qf I;%HL% g%%ﬁgg %ﬁ?@%@? of the invention, wherein
the stator tube is comprised of the electroformed deposit of Figure 13,

and wherein the stator tube electroforming mandrel has been separated
from the electrof@ipges deposit in arsieviageroglace dheistator tube framar tube

the glectroformed deposit, Figure. 16,53 lANSYELSa.Gross
ure %and% PO?I’ Eﬁ) ?

%%%%%?H@Ere 13,
stator tube of Fi m Tor use In applying an elastomeric

linirfy t& ffE9RAePaaratle BrtharodnsidtuBE, it HHSUrATEEBENthdbe second
proctiidinga sifthe decerting teibeisegandusmbodine ot dh¢hdectroformed
invention. Figure 17 is a.transyv SS- ion of the.stator tube of

Figﬁ%@ Oilg,% ﬁ%leJD oernmmogf |E€Jr]e§olgér:§§r% %r‘? eeggééo?ﬁg%lc |r{1i|1ﬁa§% géf)'lied to the
inner surface of the stator tube, at a fifth stage in the production of a

stator according tei hee: secRndembedingkoktadnvendienior tube, at a third

stage in the production of a stator according to the second embodiment of the

invention, wherein the stator tube is comprised of the electroformed deposit of
Figure 13, and wherein the stator tube electroforming mandrel has been
separated from the electroformed deposit in order to produce the stator tube from

the electroformed deposit.

Figure 16 is a trapsverse 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 siage 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 hining 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

io the second embodiment of the invention.
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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
warywedinigsoto the second embodiment of the invention. -22 \RG/US20647/602076

2008/091.262 PCT1US2007/002076 Figure 19 is a transverse

cross-section of the stator tube of Figure 15, the elastomeric lining of

Figure 17, and a supporting stator housing, at an optional seventh stage

in the production of a stator according to the second embodiment of the

invention, wherein the stator tube fits closely within the supporting stator

housing so that tHigstatt? iaBeiandiaet rospperise 19§ the skippbrmef Figure

statoy, hpusiRgofIBHECIRAMS SlIBBEMENSE GhaSE aggs'@mg thestaloustbe Afan
Rl e amme e RS R e 47 e SUPROT 3000 socond

Stera in the SSARUIAT spac betw
the stinofitube afdihensepponingbstator thousier falm %@tu@}@aﬁh@mﬁnﬂ the

stage e Peductionaha statgh:ascoiding tasbe secrnd e hbadirentPine
the |nvent|on Flgure 21 is a transverse cross-section of an alternate

corftRRBRIHBR Bf ube of Figure 15 and the elastomeric lining of
Figure 17, following the sixth stage in the production of a stator according

to the second erphodiment.of mé{;é/ﬁg%‘?&s%g@ﬁsﬁ]&pﬂlg%EQJQ?%WWIWG

the stator tube has™ been machined so that the nominal diameter of the

statbt-ttisectestomssife g &t Ssimcte MV HETRTR e BHES: ol Y Figwre
the mamrdtwbﬁltammwmttaﬁyamyﬂaﬂmpmpmwgamdzwlammtd’me and the

stalgy péﬁ;ﬁgg@f%?% SHSRI AR IR GalaP RO, RIRBANH Bdrator

is not ulir ALE ' DESC IPTIO An embodiment of the
inveif %ﬁéﬁf’e‘iﬁ%‘{”ﬁﬁé@?@%@@b@f%ﬁ‘r‘ﬁ‘?@‘ﬁ?produung a stator

tube for a progressing cavity apparatus. Some embodiments include a

method for prOd'“ﬁQQrg onpong ntg 0&%13?%}8& foérgss-section of an alternate
configuration of the stator tube of Figure 15 and the elastomeric lining of Figure
17, following the sixth stage in the production of a stator according to the second
embodiment of the invention, wherein the outer surface of the stator tubs has
been machined so that the nominal diameter of the stator tube is a desired
nominal diameter, wherein the outer surface of the stator tube has a substantially
cylindrical profile, and wherein the stator has sufficient strength and nigidify 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 eiectroforming.

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 optionaily also provided by a substantially constant thickness of an
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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
w@Bwaeélical lobed stator profile is provided by the statorRGB&ISAYEHHTET6
embodiments the helical lobed stator profile is optionally also provided by
a substantially constant thickness of an -23 WO 2008/091262
PCT/1JS2007/002076 elastomeric lining. In other words, in some
embodiments the stator tube has a helical lobed tube profile to which may
be applied a substantially constant thickness elastomeric lining. Referring

to Fitpsiemeris linusgeinielhe provisciv sona erhodimeatrdisgtaier finbe has a
emhedimenwRiithepsvaaine aeviapictedy RrfempigD Figuremigigleonstant
staqes in the Productlo .0f a stator according to a second embodiment of

the |tr111\?en Sc')snee‘?rséogéeﬁ‘fgtéa r5§rthough the first embodiment and the second

embodiment are similar in many respects, they represent at least two

different exempla{%@m g 'Q@lOfsEQEe@YEQHQ%%HEM d20%at0r
Figure 2, a genera method ofeectrg mln and a general ?ﬁqgaratus for

per?oﬁ%%ﬁ'é’ 1B oS g e aesid tﬁ%mfe RERSHTy 1O EigGRe to
1, aﬂ@he@ﬁrdl&ﬁd,ceﬂa@@) is ﬁl’@vm@dﬁgilquerﬁfrmlmgim siectidfgrming. second

The.plssialytic sethRvingludes & RONEL: SURRRG£2R):AE %@@Lﬁ%&%mdm

power which is connected between a cathode (24) "and an anode (26

whitit SFETRIBE AP IOHRGE" FORHTAI Gt PR TRASR 1 R "RArS AR AFSt tvo
anddffiterenoelei8irirpetediiolyicicetisrgeriatal iywheicathode (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 ¥ thadHigge %ﬁ%ﬁ?ﬂ%l@lﬂﬁ%%@%ﬁ%ﬁwg and
beimgeiraualatpshbythéop purésranipplyl¢22) fcaminthaadese €26 ertheically.
cathode (24).

Referring to Figure 1, an electrolytic cell (20) is provided for
performing the electroforming. The electrolytic cell (20) includes a power
supply (22} of direct current power which is connected between a cathode {24)
and an anode (26) and which provides a voltage potential difference between the
cathode (24) and the anode (26).

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 electrolyiic
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.
-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
WehBur/edaeprising the power supply (22), the cathode (24), theTanade’ (may;o
and the electrolytic bath (28). The cathode (24) provides an

electroforming mandrel upon which a selected metal may be
electrodeposited to produce an electrofommed object. -24 WO

2008/091262 PCT/US2007/002076 The anode (26) is comprised of the
selected metal and thus provides a source of the selected metal. The
eleGthelypticdsat )28 )dsngonsptisé dhef sidemst warlcladtivhgteravitdeh 2 source of
disspeigigs:te,apions and cations in the electrolytic bath (28). The

cations are attracted to the cathode (24) and the anions are attracted to

the anode (26). The electrolyte is selected to be compatible with the

anode (26). In offies wlects]thie talo{¥S piovisedrbydhd etdetralyte alectrolyte

catighsof s Relecied: nelRlwhich is.5019 *15%%%@&3%@%%%9%2 The

the cathode (24). As depicted in Figure 1, the electrolytic cell (20) ma
furtFF OB AP AL IRt BRI IA ARG L srisns i sifeRteR i dhe anode

portizfi}s of the cathode (24) in order to prevent electrodeposition of the
selected metal onto portions of the cathode (24). In the operation of the
electrolytic cell (20), the power supply (22) is energized to provide the

voltage potential BBRRITIE L MG EUI0abr tHEPAlBlE{EB)hrHaode (26).
catlho de(2 4)drdsoime satiegaivelydeiiarg ek anet thiug atiraciti kationsokiheted

selegled el g lhe RIS ARG AAHARAI SHRISERI4P

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 satizpscaie depRaied omo dheesthRoeR24)nbagree further

comprised of one or more insulating shields (30) which shield portions of the
cathode (24) in order to prevent electrodeposition of the selected metal onto
portions of the cathode (24).

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 slectrolytic 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 graduvally consumed due to oxidation at the anode (26) and an
increasing thickness of molecules of the selected metal will depesit onto the
cathode (24) due to reduction at the cathode (24). The electrodeposition process
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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
Wregssw pagresses, the anode (26) will be gradually consuta@dae 162676
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 -25 WO 2008/091262
PCTIUS2007/002076 will continue until a desired thickness of the

selected metal is electrodeposited upon the cathode (24) as an
electrdformtid depasita 3Ryivfd éposited nictat. sldreedimtie flsickeebssiefosited
the glegiralormeckdeposi G20 -H8AGAN#QBsiAR I augagHE e

surface area of the cathode (24), a relatively increased thickness will tend
to be deposited at edges and comers of the cathode (24) where relatively
higher current densifies.ghalextidciencedidhed aealativehed adposd (32) will be

thickagss il dend.im %&&BQEF%%&%%?&%%%%%@ @é?, Wheigively

relatively lower current densities are experienced. These areas o

relafRERPSRIG HAPESEE S e R marE re-Carr s PR B fibode
and (cansimetiorn af ke tdthodeu2d)t ieastdiarstaravoigethmeesd gl haviagvely

aree}%dﬂc%ez%{%%%‘ég wWifp ?éﬁdt?&b%“&fe%%ﬂg&? 3@)‘3@%&@?&%‘?&&%’0@&%9} where

extraordinarily low during the electrodeposition process. Referring to

FigUrdaive e doer desra HRERifisssBF tRaPSEiRndedt mdisithatstioah relatively
depasied eniashe:catlhede d24)itihecatiedrié24) mayxhisiepaiateshitomtion
the elegtro d osit (32).to produce an electroformed. artic 4)

i A R e A A w8 B katnoe
cathBaet2hy Rrgepheriy BemGestaraiyd e greraedmarbimiey during the
deperit{3Abpatiasst samage 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
Referring to Figure 2, once the desired thickness of the selected

metal has been deposited onio the cathode (24), the cathode (24) may be
separated from the electroformed deposit (32) to produce an electroformed
article (34) which is comprised of the electroformed deposit (32).

In Figure 2, the cathode (24) is depicted as being separated from
the slectroformed deposit (32) without damage to or destruction of the cathoade
{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 embodimentis of the invention, the progressing cavity

apparatus is a high performance progressing cavify apparatus. Referring to
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(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
wWimamseriTete general method and apparatus of electroformiRgTA8Sdedsietaers
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 -26 WO 2008/091262 PCT/US2007/002076 Figure 3, a
tranBimise bros$reRtiorr offaRseiRSHANaPY SItE¥ Y} F0r atdiRfh(36) for a high
perfoLraanes. Al pasessing Caniy apparatusisigerieted. As depicted in

Figure 3, the stator (36) is comprised of a stator tube (38) and an
elastomeric lining (40). The elastomeric lining (40) in a high performance _
progressing cavitysapisaiaied im dyguecohtithead{adep 61ding ensepriged of a stator
propgrlies &f 1he stAlMRRE38).ARE Moyn the QraiRldssiEniagd4o) in a high

configuration of the stator (36). For example, the elastomeric lining (40)

mayP AOPBEASGURRESTISHRS SEGY RIPEEIR) TBBURFRANRIAe iBRE kHRE urpon the
resipeopéaiaccdiimotiate thle: (A8yemenpod the rotor{indtssiownm) witifiguration
the gtafor £36).wiule providing a suitable seal between the rotor and the
stator (38), without the assistance of the elastomeric lining (40). The
flexibility and resiliency of the stator tube (38) is dependent upon the

material propertieBaans:implks)ahs efdttomtaionining (38). hhe statos tebeired if

(38)hasapin eswﬁgg gﬁéﬁé@ @&ﬁ;ﬂeﬂa@ rg%%?&m%agﬁl&edafe the

Although six lobes aré depicted In |%dre.3,_ the helical lobed tube profile
may RERREAR; ARmIRPLIIeh SRS HERIR It Figitfe GSE s BFoMifwe 2

(38)saissbhras:siretiters ukaesoyhich iaaassa_tw t@s_@nﬁathbaylmd dedbfaralles the
AS %f&%&%eﬁkexﬁ%%g r({%ﬁ? B8 AasagYIng, MusknesS EUGNONLIRE. (38) is
transverse cross-section.

dependent upon the material properties and thickness of the stator tube (38).

The stator tube (38) has an inner surface (42) which has 2 helical
lobed tube profile. Although six lobes are depicted in Figure 3, the helical lobed
tube profile may include any number of lobes. As depicted in Figure 3, the stator
tube (38) also has an outer surface which has a substantially cylindrical 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 2 substaniially 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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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
WEigW0312821s a helical lobed stator profile which is defined &6d/pR30d&a2076
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. _ 27 WO 2008/091262
PCT/US2007/002076 Referring to Figures 4-11, stages are depicted of a
first embodiment Btfemeghdd abtsmgih oo thesiagentiare fofepieidf of a first

Progdung AR lakALHOR RRHREMSRES iRIRAIRSSIOY CAVIYAPRAIRIIE stator

Figuyres 4-11 are g|l transverse cross-section views. Refe J to qub re 4,

a triffo eS8 (BRE TSR BB PR TBE elett orm‘i‘n ars all
marrsiviGed whisksentgribegeduced using the same technigues which

are used for producing a rotor for a progressing cavity apparatus,

including techniques which are well known in the art. In the first

embodiment of th8TFEREJA ﬁig"é?a?oﬁﬁﬁ‘gs‘é?éﬁrﬁ%ﬁrﬁﬁﬁ‘ﬁ?aﬁd?@{%‘ﬁ? of 2
is fotmied tobalekerimoforonzn relmdi] (FDaNdyiEnct iy begeiviesdrosng the same

cylindrical har (3gkpf material- ?&em&w%%%ommngrmgﬁ cavity

(50) may be formed as a single piece or may be comprised of a plurality
of MIBRRREPEKASIHRA SrebmibeS. HehAs oY e a¥et g #hg mandrel

(50) has an outer surface (54), which outer surface (54) has a helical

lobed mandrel prﬁflIehélmklgaa%MEﬁta@fdﬁ%ctﬁ@éﬂtlﬂﬂuﬁﬁe4 J!é‘?or tube

helical lobed mandrel profile may include any number of lobes. Referring

to FryTERTomengsiandtm & AetsnBraiRting HrmrErh i glfeinum alloy and is
incarpotdted intmancelealirayiticac ¢ P6)) mattianil tHEheatlxoslaBd pebtheorming
e'e‘}HM& 8ty a0 1B LAmRLPed LLINGIAOL LiNES'BELRIRFTNAE FPA IRty
of mandrel sections (nof shownj. The stator tube eleciroforming mandrel (50) -
has an outer surface {54), which outer surface (54) has a helical lobed mandrel
profile. Although six lobes are depicted in Figure 4, the helical lobed mandrel

profile may inciunde any number of lobes.

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 3, a thickness of a deposited
metal is then clectrodeposited onto the stator tube electroforming nandrel (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
corprising 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. s
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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
wernstirsnt, the electroformed deposit (32) is comprised oF QEKerINVHIEI 76
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 thettepekitedfmeted ideporickal rbbaltalioyer 20:f9@ (60) with a

2008/02%388.4 SIJ%%&QZ&QQ%QZ%&Q&FASF{BO&% maskgeRgsit {ZAdasrofile

an inner surface (60) with a helical lobed profile which is complement
to t198 HefCIRBSHERREMEVS! pfofie S&ﬁ%%&%ﬁ@%ﬁ%ﬁ%ﬂé&l%&%ﬂ%@ér%r hs

tubaigleatdfonMmitigunarsdreid SG)icRsesde pittée irekigiriobytde eipdaiedS2) is
of t@ﬁb%%%ﬁl{%%@&ﬁgt%ﬁﬂﬂﬂhﬁﬁﬁ&é%héﬂ{%ﬁ%%@%@ Iy Ganstant heugRQURg: that

transverse cross-section, with the result that an_outer surface ,(622?(.)‘{ the
ele@PGTBIFH SBTERSESER ) 35 rcdesrRitEmerb BEROSTLES) Wis aelit gl profile
matehes:the-balicalle heddpeefie triibsa bbed pusitlea(bhedfiritiesurface (60) of

electroformed. depasi 32% erring to Figure 6, material is then removed
fror%hﬁwéi%%g%og}%%aség FGS f)%?{fhe electroformed deposit (32), thereby
modifying the outer surface (62) in order to provide the electroformed

deposit (32) with & ersiteg 10aminal diamatela(6s) i depicied ifddguie outer

6, the auter syrfage (62) of the. electrofor pQsit is substantial
R SR R s S
surfaedas2§as) e erderrsfonneddposiessoionyah smpiigRe Biffle desired

surfaeg:od) dRafering . Figliedictbe slatanids, electolarmingan et the
(50) iLcS ;%h eo 7 Ei%tp?o%iftr?smsé gte?rl 1g )(/) f%;ﬁ% glgiﬁp Oﬁxlttgx?ézhrgf-:l%rzgggdiment, the
proé’uc&f 8 a stator

material is removed from the outer surface (62) of the electroformed deposit (32)

by machining the outer surface (62}.

Referring to Figure 7, the stator tube electroforming mandrel (50)
is then separated from the electroformed deposit (32), thereby producing a stator
tube (38), wherein 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 Ee}icai iobed 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
alioys generally have a much lower melting point than that of nickel and its

alloys, such as nickel cobalf alloys.

Referring to Figwre &, 2 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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tube (38), wherein 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
wehgiiamer2sarface (60) of the stator tube (38), and the outerBurfEEH{BE)26T6
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
electrofonning mandrel (50) is separated from the electroformed deposit

by melting the stator tube electroforming mandrel (50), which is made
possitiedéciusttaturidmumznb®s aheysrgeitintyah decensiontiebwiateel or

melingpaint;taan{hataf pickeland iz aWeys wieh asickelieabRlbed profile
alloys. Referring to_ Fi ureS a form (70) is then inserted into t est%]%é of the

tub&' 158 fﬁa\’ﬁéﬁ‘ﬁa@%e & %ﬁﬂi)l ek ﬁ%ﬁ%%t%é??c Lt TN c: VR o
innetat@ MO FR)OSAOBAREARET (IS 200706 20REwsanfdueiBs) Bitface (60) of

statge LbR{3e T i@g%&kﬁé%&@%@ﬁ&%@%ﬁ@ o e@o@f BIRINESS space

steel and has an outer surface (72) which has a helical | rofile

whithia RS TFEHE BaP RSB e FBrBsdioth & H@P%i?ﬁ&?c%“(%%i%fm of
the tistatarciulod{ 883) Ankhaisngpack(zt) ¢f definsdbetwedB)the inner

surface (60) of the stator tube (38) and the outer surface (72) of the form
(70). The lining space (74) has a substantlally constant width throughout

the transverse crESEEEREEJA DIt s ERSHAIIEESH) a8 Ry tHaTR ﬁ@ﬂjl‘ed to
of thedtater M@c&B@OR&T&m B kipe (6D, mnisjastiamer elsiog {40 niaterial

theﬂlﬁpﬁlé‘i‘ﬂnﬁﬂ tEk?aH% 4)surface (60) of the stator tube (38) by injecting
an elastomeric materla Into the lining space (74). Referring to Figure 10,

the form (70) is then removed from the stator tube (38), leaving the
elastomeric liningr(dejraitaehigindnminnerisufaGe) (ROheh thexsiedarfvhe the

38 I 40), h. I ¢
( iﬂ&eﬁfﬁm{?%e@%%mﬁﬁg Iﬂxsr{gngenl h%lsn%tlon Oz%%mf]a cl:ly 52 1%9131‘ surface

thickness out the ransverse Cross-se
(60) of the stator tube (38), wherein the elastomeric iining (40) has a

substa.ntiaﬂy constant thickness throughout the transverse cross-section of the
stator tube (38) and along the length of the stator tube (38).

The application of the eclastomeric lining (40} is potentially
optional and may not be required depending upon the properties of the deposited
metal comprising the electroformed deposit (32) and upon the 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 2
supporting stator housing for providing structural support for the stator tube (38).
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stator tube (38) and along the length of the stator tube (38). The

application of the elastomeric lining (40) is potentially optional and may

not be required depending upon the properties of the deposited metal
wWEoHsivirg2the electroformed deposit (32) and upon the ovatal/tHedigio2076
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 structurdi @répenias.aiditeedstrostodamesgubenieisisp ithisesiatiptube

thu be3BBhathe @awe@abwa&mwﬁ@g?pmﬂv&eﬁx%@u§ Lm??gaagaa@ta@@ f the
ousl rp N truct ort or the stator

200§ ﬁé&%&\% Q %35 glP rﬂﬁl aI‘rofhec"iiep s e”teﬁessary
con®risisiptie s’fém)rlsgl@é @%})Mgmgreﬂaw@wmgtwgﬁmgmngtmmmwus

MogHiys &B@'@:ﬁ@ﬁ@@n@ﬁﬁ the) slaler 2{15&?6&3@ " slatyelvdlin (db of the stator
sup rt| ggitator |ng may be nec or desirable, The use

sup o AT S oD oS d o Eenty
Iinin@eédﬁiplamea@phedotawmméawawmﬁ)m i lstataor terbbi(3B); stator

whigh,Gase) iisiniRb e ARl Bereavied i auticientudexbig. e,

and resment to accommodate the movement of the rotor within the stator
tube (38) and to provide a suitable seal between the rotor and the stator
tube (38). ReferriRgitgrimgute Figue StatdetubedS8jimail Herefprehbefore be

mo%agtwtnmwwmgig@s%ﬂ%sﬂ% £§99 a@aaﬁfﬂ@rnﬁg%&%&aegéﬁ%ay be

may be jntroduced into an annular space defined between the outer
STt 86T DI S BB RIS S B F SHFFACBIeERY et e (60) of

supfisrstgestatoe [d8sing @B0jtarthefirst édnbaedimentpleaiapaRaisr housing
pro{g@d between the outer

In the first embodiment, clearance is provided between the outer
surface (60) of the stator tube (38) and the inner surface (86) of the supporting
stator housing (80). In the first embodiment, the stator tube (38) is may be
mounted 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 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 ends 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 tabe (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 (34).
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surface (60) of the stator tube (38) and the inner surface (86) of the
supporting stator housing (80). In the first embodiment, the stator tube

(38) is may be mounted within the supporting stator housing (80) using
wsnrBleofitéhgs, brackets or connectors at the ends of the seatbiUtzbe (88)76
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
ends of the stator tube (38) and the supporting stator housing (80) may

be formed by proviig fnstehivesiprstile shorfilker owterislIffReds(6@npfistteof an

o oy Sk e NI EIA UGN RLloR S IO HAL IS Gocd
nseguently, In,tne i e odime e stator tube IS NO .

e bR A A A —
As 48Rsuityiftsuppait whee HatortubeB8)ARNngrts |bagthis degingitn  An
the firstopreirriadembadimentthissUpR étm%e%%dﬁﬂe‘i’é’ ﬁ@ft%% tube

introguction of the filler material (82) into the annular space (84). -3

2008785 157 SCTRIESBIGU6 TRBRe-Fr Lk bt FitiHEsigRch as for
matexah(82 )fitemnprsediotiamefosyisamenphisat esidtostametastqBriic
material similar to that which is used for the elastomeric lining (40). The

use of an epoxy cement as the filler material (82) may be used where the

stator tube (38) nEPBE Rl RiVEPRAdL &AL elgie@sinatie Aarisied 4ftige second
filleemiasdiat(82f maythedused niherethie Shatartitbeor(38) Mayddacing a stator
expegted fo.provide.same resili il h r . example if
the elastomge%i(? lining (40) i@%?%%%l%%%%eg %ﬁ%‘?ﬁ%b?{%‘?ﬁ)&ggﬂﬁm all
to FIGUHREE 2 Besst5gfd atie Wepicted of a second embodiment of a

method according to the invention for use in producing a stator for a high

performance pro%eﬁ%ncgegé\'{&fo%g?rt%teugé&.gﬁl r&%&é&%@%{eo?lkigums 12-21,
transverse cross-section views.
parts and/or features of the second embodiment which are equivalent to the parts
and/or features of the first embodiment of Figures 4-11 are given the same

reference numbers as were used o describe the first embodiment.

Referring to Figure 12, a stator tube electroforming mandrsl (50)
is produced in the same or a similar 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 Figwe 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 slectroformed 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 emibodiment, the
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In the description of the second embodiment of Figures 12-21, parts
and/or features of the second embodiment which are equivalent to the
parts and/or features of the first embodiment of Figures 4-11 are given
wihaoagipe2efeference numbers as were used to describe the F§{Us2047/602076
embodiment. Referring to Figure 12, a stator tube electroforming mandrel
(50) is produced in the same or a similar 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 electrofonning

mardiret (BeRlisfiFseirredbratdnite drpefetanaiel delpyrorsedivamisise! and

cathodeal{24»ofithe &lsstralgic 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 electroformirtpfrainrés BEpe e mrbetia|ysichesl| 20y es drpm the outer
eleciofarmesh ROE (3ikbulbing S8 M s RBR I BRAHRASABdI9iflESthe onter

b d lectrof f nd .
oo ARHSE QU LGOS L iR AP €5 At b SRRl THBL fsized
compnisiediofiametio y EHntdimidepnitik inAS gnrthdiingteernbodinaérg, (6@) of the
-32 WO, 2003408 102 R Gdihe 2004/A02 A FanotheL g tal hay ﬂgsédop@ia%@ In

that the deposited metal is comprised of nickel and cobalt as a nickel

cobHif if55 R SERHEIEE (ird™ P e P ROHES RS SePfH tieromoved
outdrosufeceul6l poffthe @Ezrtrbibenedst defpositd3Rp ke g2y modifpinging the
the Ws%@%ﬁz) in order to provide the electroformed deposit (32)

with a desired nominal diameter (64). As depicted in Figure 14, the outer
surface (62) of the electroformed deposit retains a portion of the original
helical lobed profike:ftaritie iscBigmtee hih aimeaibtaniie thieditsforming mandrel

em*&?@jG@ﬁ{%&%ﬂm@ﬁ%%@EB%‘%@&JEB%&B%Q&&% 5“)3%?1 3?; %frgaﬁcmg a
electroforned deposit (32) machining the outer surface (
stator tube {38), wherem e stator tube (38) is comprised of‘ e 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) 1s 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 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 steei 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) and along the length of the stator tube (38).
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Referring to Figure 15, the stator tube electroforming mandrel (50) is then
separated from the electroformed deposit (32), thereby producing a stator
tube (38), wherein the stator tube (38) is comprised of the electroformed
WESHHEIOE39D. Following the separation of the stator tube ele E&FdBPAHPE2076
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 second embodiment (as in the first
embodiment), the stator tube electroforming mandrel (50) is separated

from the electrofopmeslgngsi Sk e RACIDE SIAIAL 1hE Lleoy Jenting plicd
mandre] (50). Referring tg Figure 16, a form (70) is then inserted into, the

staté? b BY) HHREAEHD 0 HRphHbiEral &laRoMiiEnRiAY @oj e
the maersliriact¢60ing tpecstéitdy. 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 @VFBIIAdOSTIFNISe B ORIy i Faryqyed from the
defireddbative €pgh deavies shifelasi¢aR)iof Hiags@mriuoh{38) amdither surface

outersByriaee 2L ot e lBim 649). JHEIAING,SPALR 44l iBA%Ane (40) has =

substantially constant width throughout the transverse cross-section o

the SERTPRIBEY JPSREIBIEIFRS [BEOPSRAh &SRRt (SEs=sStiRg of the
2008691 242 PIE} A48 206004 QL2BR gihRERrringite Rigi(88L7, an

elastomeric lining (40) is then applied to the inner surface (60) of the

stator tube (38) by injecting an elastomeric material into the lining space

(74). Referring to Pigyife®8, fke RRPPCIDRHHBR APPSR T 6 Tt sltsiiperic
tubelf@8y teayingrihertiasiompasadining (48) atiosbeddgihe depatdstikfagen the
(60) of t atqr.tube (38), wherein the elastomeric lining (40) has a.
oL i S IR e R e M RO 883 (32) ans
of thé&pon the overall design and configuration of the stator (36).

As in the first. embodiment, following the application of the
elastomeric hning (40}, production of the stator (36) may be completed by
performing ancillary processes on the stator tube (38). For example, threaded
connections may be added to one or both ends of the stator tube (38), or other

components may be welded or otherwise fastened to the stator 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 siage 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 direcily
supported along its length by the supporting stator housing (80). The second

-34 -



stator tube (38) and along the length of the stator tube (38). As in the first

embodiment, the application of the elastomeric lining (40) is potentially

optional and may not be required depending upon the properties of the
wéaliositeidahetal comprising the electroformed deposit (32) &0d/WR3067 492076

overall design and configuration of the stator (36). As in the first.

embodiment, following the application of the elastomeric lining (40),

production of the stator (36) may be completed by performing ancillary

processes on the stator tube (38). For example, threaded connections

may be added to one or both ends of the stator tube (38), or other

compobediiseniis becvedide teoe bt rwiseddiste deshttb th eostabidritube (38 tube

As ipsthedfisst sorhadimentn 3P eNMIN UL 3%1%@&&%\5 EORAEISS: thin

and the structural requirements of the stator tube ( ) the stator (36) may

be TSI o SUpPGy DaERBL SRS lameﬁri@aa?ﬁaﬂwawaﬂ

suppuitefh fth @statbieta ik 38koR ¢ ringlba dsighee: 8 dhericidiniepi G060l arhich
first optional- S0 10 (B REAAICHOR Of e HARLLRR) HRMNIRD N6 SRIN (38).

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 houlséng:¢80J sothalithensthtostabe (28) (Stlirgathbe mounted

e e e A RS AR AR RS R rrence s
therfre BeemimpiiHbrd 1)ead shaprenortimastane kenrrgdBe)- (38) from |

deformation in the radial direction during rotation of the rotor within the

stator tube (38). %e@eresultfoti%e second rgr}Qodl entl artlcu cular 3/ ct%lxlal stage

suited for use where the ator flnd es the e as omerlc ining

whiéh thaRedusHyh o e HasdAMDIdR Wémé’ﬁt%ﬁﬁ#@mﬁ&gﬁhmmonaﬁy
statee uﬁm@&dImﬁbaﬁaggﬁﬁxeépmd(mr&éﬂﬁeat@ma&ecﬁé%mﬁmw (60)
inte rgrﬁe{jn(\:lggfglrntttl g %pa%glg.g isntr?fgzo gﬁpr gcse,! Q}% &?&9 231?;)8;;2 ing gteast’grflm%rs%% (80).
In the second embodiment the filler material (82) is an epoxy cement or an
elastomeric material similar to that used for the elastomeric lining (40). In the
second embodiment the annular space (84) is comprised of a plurality of

unconnected helical spaces which extend along the length of the stator tube (38).

Referring to Figure 21, there is depicted a transverse cross-section
of an alternate configuration of the stator tube (38) and elastomeric lining (40) of
Figure 18. In the alternaie 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 z high performance progressing
cavity apparatus, The stator (36) may or may not comprise the supporting stator
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between the stator tube (38) and the supporting stator housing (80).
Referring to Figure 20, there is depicted a second optional stage in the
production of the stator (36), in which a filler material (82) may optionally
wpeintfodeeed into an annular space (84) defined between tRe3UHI7/002676
surface (60) of the stator tube (38) and an inner surface of the supporting
stator housing (80). In the second embodiment the filler material (82) is
an epoxy cement or an elastomeric material similar to that used for the
elastomeric lining (40). In the second embodiment the annular space (84)

is comprised of a plurglity of unconnected helical spaces which exten
aloAgHHBS ST 6P TRESEBPTIBE %@3@%&%&?@*}8@?@5 g §f Bpgljg" metal

depifthd sdtransberSSmssupentiba ovbaill disimatatonfifiguatiom of tihe stator
Sta gfutﬁ (38).a00 8lg %%‘Ef@ﬂi%éé %%&Qﬂﬁ%&&t}% G RRA  ator

contiguration, the stator tube (38) has a substantia

tantially cylindrical profile on

its GPREMIBNTATEFE2YOh GPIRHicKh SRS OrfEC é}&ﬁ%féﬁ%é%%ﬁéﬁ%% tagy the
follpviperteedific akiehmrbiher duwielcpustacentBR)] semeinssufiidien®sd thdtupon
the, supporti t I i equi the alternate
con .Sd’?’agﬁéﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@o@&ﬁ%ﬁ%e ectroformed deposit
(32) is selected to provide physical properties which are suited for use in
a self su ppor'Fing mataﬁgube}(@&;;f&wmfpmgwsm@ﬁvi(y@ppﬁrm. dascribed
some ERedimen's (e metod ol ine, yGRIOTIBEIP 18, PIOVARSIAN cobalt
the use o eFec%ro?ormmg In the production o’flg stator (36) for a ]
progfeszisgeatiey asriratich maphsglesErrreasiG dp aiinesiagueie to
COMMMIBNahPregRsStBLATHRY apparsiuseiaibigh perfonanceroviding the
progressing cayity a s..Ihe stator (36) may or ma t.compri
the e R e R A SO L 5 A0 e o
houiHg ¥eBsnGsaH i HyEh senie prepatlidBaarathidiaresitoplings, copper has
denasiedanaial ofshestatorishe (B&aatupondhe-avpsaitdesigniahesses
configuration gf the stator éés‘?)aJﬂe}*e‘escz%sg ?fhaash@e%l?%éf%{@ NS having been
progressmggcawty apparacius, the S&tor {36 may of may no comprlsegan
elastorrstictiminlg(aoicprpeddinthisporsthe exceeding only about one inch. Asa

result, copper and alloys confaining copper may be suitable for use as the

electroformed deposit (32), particularly if the stator tube (38) is to .be mounted
within a supporting stator housing (80) which can provide additional strength
and rigidity for the stator (36). The electroformed deposit (32} may therefore
conceivably be comprised of az single metal or a plurality of metals

electrodeposited sequentially, simultaneously and/or as alloys.

In this document, the word “comprising” is used in its non-
Iimiting 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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properties and thickness of the deposited metal of the stator tube (38) and
upon the overall design and configuration of the stator (36). Although the
eleetroform.ed deposit (32) in the described embodiments is nickel or an
wallpseenaiing nickel (such as a nickel cobalt alloy), any GtRERIFRSHIE02676
which may be electrodeposited in thicknesses suitable to provide the
stator tube (38) may be considered for use in providing the electroformed
deposit (32). For example, although copper and its alloys tend to have a
significantly lower tensile strength than nickel and its alloys, copper has
been reported as having been successfully electrodeposited in
thicknesses exce¥dingialséritisddsinches, whereas nickel has been
reported as having been successfully electrodeposited in thicknesses

exceeding only about oneIH‘n h. As a resujt, copper and ||Oﬁ/s containing

copper may be suftaBISRIFUSE HEHR PERSR G e Yo psh PaOFressing cavity
partieptarhtif { e stedbotUben(383iie to be mounted within a supporting
stator housing (80) which can provide additional strength and rigidity for

the stator (36). The electroformed deposit (32) may theé%%%% conceivably
be compris&l of aRSmGEmES SR YNE AR BRI deposited

sequentially, simultaneously and/or as alloys. In this document, the word

"comprisingris used.in iisnan- ting;senssdomeaBAtakiEsiRleniBto an

the word are included, but itemns not specifically mentioned are not. . _
excluded. A refereFgeBMceRstheitt Bhthe iFRfaRAReSArtBR Slrcabdifotell s
exclude the possihiityigFistdnddhanconebefdeetrefomantsrsupiedent,
unless the context clearly requires that there be one and only one of the
elements. -36 WO 2008/091262 PCT/US2007/002076 What is claimed is:
1. A method%br usESRTIGHISIHG AT LhEressiing EaRi, onto the stator
apparatus, the methpe ciecnprisiig: ¢ap prardicingatataritnhed deposit;
electroforming mandrel;

(d) removing the stator tube electroforming mandrel fom the

electrolytic cell; and

(e} separating the stator tube electroforming mandrel from the
electroformed deposit, thereby 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 slectroforming mandrel.

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

melting the stator tube electroforming mandrel.

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

comprised of nickel.

5. The method as claimed in claim 1 wherein the deposited metal is
comprised of copper.
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(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; (c) electrodepositing a thickness of
wa dupsosisd metal onto the stator tube electroforming mand€FaAS2#A7/002076

electroformed deposit; (d) removing the stator tube electroforming

mandrel from the electrolytic cell; and (e) separating the stator tube

electroforming mandrel from the electroformed deposit, thereby 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

corgprised of disgalvipgdtha stataiiubselectfprming massyefns. stier tube -
method as claimed in_claim 1 wherein separating.the stator, tybe . .
oo ClFSHST LR BRI 5 FOAE BFct o ARG ST G R Caegye
melting the stator tube electroforming mandrel. 4. The method as claimed

in claim 1 whereipihe danosited MeialisiCoRRHSE h@kRiGkehs iR oformed

method as claimed in claim | wherein the deposited metal is comprised of

copiBRIBHAE SR B 252D E + RISIO0FORRES 2B PHIFTREHHRE Y 1S
claifastiincolamistavbnesrifyinstitoniubesizfectrofatmingomefadrekisieposit so

congiugied of &-maisHal.comarised S AURIBIER. dholheMENREES nominal

claimed in claim | wherein the electroformed deposit has an outer surface
andP ¥ WEHinal diameter and wherein the method is further comprised of
modifying the outer surface of the electroformed deposit so that the

norginal diametergt he BIGeYoiqHRat dEReal'S AASRYEHRAMARN is further

diameter. :
comprised of modifying the outer surface of the electroformed deposit so that the

outer surface of the electroformed deposit is substantially cylindrical.

9. The method as claimed in claim 1 wherein the electroformed
deposit has an outer surface and wherein the 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, frther comprising mounting

the stator tube in a supporting stator housing,

11. The method as claimed in claim 10 wherein an anmular space 1s
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 2 cement material.

14. The method as claimed in claim 1 wherein an outer surface of the
stator tube electroforming mandrel has 2 helical lobed mandrel profile so that the
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8. The method as claimed in claim 7 wherein the method is further
comprised of modifying the outer surface of the electroformed deposit so
that the outer surface of the electroformed deposit is substantially
e S Mt Bk SLAe8 SR ThE PRt e ng SH s to
helicaddenprtiswddotl mofdlifying the outer surface of the electroformed deposit so
that the outer surface of the electroforned deposit is substantially
inner ggrdedrmetidntetaimtt0 wherein an annular space is defined between the
stator tube and the supporting stator housing, further comprising
introducing a filler material into the apnujar space, 12. The met}?od as.
16. 1ol el ETafin 1A UHe ot it FHAteAd i%fa%eam%ﬁs&aﬂa% fip @ thickness and
whergtattornekiemafteriatiad®mEhe Imethodhasetaimigddnsalaim 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 ,
7. elgtirBior MG ThamMeIhBr R RCAPIBIEE MARKTRI bt STk sy thit thrrised of an
electisfioensldgesiob fhedstatirfutbetiiasnd Watical bbectvbetprdfileathiet is a method
Compg;gmglementary to the helical lobed mandrel profile. 15. The method as
claimed in claim 14, further comprising applying an elastomeric lining to
an("‘i)nner@8??&8@Bﬁf%*&%?]?ﬁgéfoi“@mﬁﬁ@ﬁﬁ‘é%od as claimed in claim 15
wheyein theetasiameahe dinngltaskdhickness macdralhiskein the toigkness so that
of the elastomeric lping i3 SURRIAOURIY; cQnStAnt. 4.2 518101 AL 1L &roforming
progressing cavity apparatus, Wherein the stator tube 1s comprised of an
electroforf@dréleposit of a deposited metal and wherein the stator tube is

prosiucedebytenmapthion campiigings ()fprovidingigstateralud@to  the stator tube
eledmfo(‘%&%ﬂ?&rﬂ%&%ﬁandrel as an electroformed deposit;
(d) removing the stator tube electroforming mandrel from the electroiytic cell; and
(e) separating the stator tube electroforming mandrei from the electroformed deposit,
thereby producing the stator tube, wherein the stator tube is comprised- of the

electroformed deposit.

18. The stator tube as claimed in claim 17 wherein the deposited metal is comprised of nickel.
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.
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(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; (c) electrodepositing a thickness of a

deposited metal onto the stator tube electroforming mandrel as an

electroformed deposit; (d) removing the stator tube electroforming
22. mandrehfsomibasetestialyticctatl; andvieyse papatingdhie: stater tulaeclectroforming
manaGIEEERIAMIBA MRSl Fom e elaaiolamel dspRsit TSN RIOGNGG ming

the stator tul%)e, wherein the stator tUbe is comprisedof the electroforme
mandgdposit. 18. The stator tube as claimed in claim 17 wherein the deposited

metal is comprised of nickel. 19. The stator tube as claimed in claim 17

w ree .Isr‘gagge.‘iu %) gss Ié%%ﬂrgf t;glalﬁlitl:oqlp(?!f%}%dei%f 5%891%?1{1' y %9&: ;It- htg Sthegg E:lteuc?r%fﬂrming

as claimed in claim 17 Whéréin the stator tube 1s cori"iprlsecf1 of an inner
mandighrferte dredalvhiepEtrmeik damest surtaseolah @ mebing e A hdlfcglectroforming
mandl@ped 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. -39 22. The stator tube as claimed
24, in Chairstad witersirvlseparatingithe Statsraubbe amofobmiig raiameirg mandrel is
constilemythe-elgetrafemed:denesitisicamprised of dissolving the stator tube

electroforming mandrel. 23. The stator tube as claimed in claim 17

wherein separating the stator tube electroforming mandrel from the
25. elddtecfetmeddepokitisconpmised of ereltirthethatstatdretdsean outer surface and a
nomiflEGURQEMIAgwMANFieL 24nddg Alaker tube as claimed in claim 17

wherein the stator tube electroforming mandrel is constructed of a

material comprised of aluminum. 25. The stator tube as claimed in claim

17 wherein the stator tube has an outer surface and a nominal diameter

and wherein the method is further -40 comprised of machining the outer

surface of the stator tube so that the nominal diameter of the stator tube

is a desired nominal diameter. '



26. The stator tube as claimed in claim 25 wherein the method is further
comprised of machining the outer surface of the stator tube so that the
outer surface of the stator tube is substantially cylindrical. 27. The stator
tube as claimed in claim 17 wherein the stator tupbe has an.outer surfac
compLI5RY LRI B TRt i o B ILRe o AR PARY e Bl o e
statorgubfaise dfthal satoraubemstethat the outer surface of the stator tube is
substantially cylindrical. 28. A stator for a progressing cavity apparatus,
the_stator comprising_ a statqr tube comprjsing an electroformed deposit of
26 a dBpoUen Hetals it the"Siktor tuBBhES S earer Pal8 RihéraRTsed of
machtiegnhersurfasefafdhd statstubeibasa theldickt lolted tubsprafitbeandtor tube is
subst%ﬂ%ﬁ?i&%ﬁ%tor tube is produced by a 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
27.  elétisoiytior cebeiscomiprsad ofithelStatbertubeheleatrofoibming mandnekuféce and
wher SRR RRARASIRG RGNS Of AAERASIaH MALALARIO DRMIARLIUAR co that the

electroforming mandrel as an electroformed deposit; (d) removing the
outer spgfeseRiE STREFSAORR B ARatal I FinTRe-electrolytic cell; and (e)

separating the stator tube electroforming mandrel from the electroformed

depasit, ther ing the u ' : ' s
2 SRSl R L AL M SR APOLIERS oo

an el rogdirarsihaheepisHder e tAISE BoROTEEE P hieREn T Fiéace. wherein

the irstatefragclaimeddngiain B&wheiri the-depesiedimeial iheemprised:6f tbe is
copper. 3]T The stator as claimed in claim 28, further comprising an
progud & math

elast merlc(ﬁnlcr(l)(f;n Iﬁsﬁﬂéd to the inner surface of the stator tube. 32. The

St&tdr as RiaTABE inseliaiBa slopler&irnte iisksheric lining has a

thigknessaaehonhriein: thedhickpessifithe e losiomnerisdninglistrolvtic cell so that

substantiall ?ogsta 33, The stator as claimed |cp ctla%im %8 WQegein the .
3 %itm ¢ of the e]ec];tro tgtm cell ts comprised of the sigtor T F ﬁ]ectrofomnng
stator tube has an outer surface and wherein” thé outer surface of the

stator tubgdsdstibstantially cylindrical. -41
() electrodepositing a thickness of a deposited metal onto the stator tube

electroforming mandrel as an electroformed deposit;

{d) removing the stator tube electroforming mandrel from the electrolytic cell; and

(e) separating the stator tube electroforming mandrel from the electroformed deposit,
thereby producing the stator tube, wherein the stator tube is comprised of the

electroformed deposit.

29. The stator as claimed in claim 28 wherein the deposited metal is comprised of nickel.

Lo
=

The stator as claimed in claim 28 wherein the deposited metal is comprised of copper.

31. The stator as claimed in claim 28, further comprising an elastomeric lining applied to the

inmer surface of the stator tube,

32 The stator as claimed in claim 31 wherein the elasiomeric lining has a thickness and

wherein the thickness of the elastomeric lining is substantialty constant.

33, The stator as claimed in claim 28 wherein the stator tube has an outer surface and wherein

the outer surface of the stator tube is substantially cylindrical.

[



34. The stator as claimed in claim 28 wherein the stator tube is mounted
in a supporting stator housing. 35. The stator as claimed in claim 34
wherein an annular space is defined between the stator tube and the
supporting stator housing and wherein the annular space is substantially
34.  filletewitioaadilieimedteriahi3 @8 Tnestiator astlaimeds molaiai 35 avbgpeiring siator
.the filler material is comprised of an elastomeric material. 37. The stator
housig claimed in claim 35 wherein the filler material is comprised of a cement
material. -42

35. The stator as claimed in claim 34 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.

36. The stator as claimed in claim 35 wherein the filler material is comprised of an elastomeric
material.
37. The stator as claimed i claim 35 wheremn the filler material 1s comprised of a cement
material.

4.



