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to Mbi neau. The hel rCOI dal rotor
08/447 122, filed May 22 1995 which a connnuanon-m-part of S.N. 08/194,835, filed

February 14,1994, now. U.ﬁ. Patent No. 5,417,281,both 5:0f which are incorporated herein

by reference.

FIELD OF THE INVENTION-
This invention relates to improvements in ptogressxve cavxty pumps of the type
composed of a hehcoldal rotor acting with a eomplnnemary helicoidal stator and also

well known as a "Mom_ea.u; pump”. Such pumps are -wxq_ely used in many industries.

BACKGROUND OF THE INVENTION:
Progressive cawty pumps have been known smoe thexr invention was disclosed in
U.S. Patent No. 1,892, 217 entltled "Gear Mechanism" to Momeau The helicoidal rotor

and the stator engage - Wlth each other along a sealmg line to create cavities which

progress axially as the rotor is rotated relative to the stamor Because of the required

stator and the rotor become

subject to extensive wear, ﬁf]ﬁch necessitates frequeng- réplaeement of the stator and/or

the rotor. Commercially avallable Moineau pumps, as well as those disclosed in the prior

art, require extensive dlsassembly of the pumping apparams to replace the worn stator

n the case of use downhole in
wells, either drilling the well or producing the fluids therefrom, to be able to decrease

the frequency of down ume and extend the useful life ofthe pump is a desired objective.
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apd the stator engage wi th each other along a sealing line to create
cavities Wm‘g JaTeTACER axially as the rotor is rotated rel atlve to

t he- st at or ecause of the required sealing and sliding cont adt @ﬁ?ssof
a Moi neau punp, the stator and the rotor Becone 15 subject to extensiye
wear, which necessitates frequent replacenent of the stator and/or t he
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down time and extend the useful life of t e punp I's a
WD 97/ 402

PCT/ US97/ g%?%?BOBmgie long Ufe of parts. The art is fuﬁebw#gamﬁﬁypﬁ e pniyersal, joints,

affect eg ﬁgxﬂw s causda mechanical connections to compensate . for the orbital or gyrating type
| of motion. '-Many of these are disclosed in U.S. Patent No 4,923,376.

Heretofore, the conventional Moineau pump arthas used a rubber or elastomer
materials bonded to steel for the stator contact surface. S_ueh elastomers include not only
natural rubber, but also synthetics, such as G.R.S. Neoprene, Butyl and Nitrile rubbers

10 although there are other types such as soft PVC. The key of course, is to make the
elastomer property soft enough to maintain the sealed 'c_ajvity, yet be hard enough to
withstand the abrasive wear from the working contact between the rotor and the stator.

~ The rotor in‘- these instances is usually made of steel. Some efficiency of the pump is lost
because the elastomer mold must be thicker at the peaks of the helicoid in order to

15 create the progressive cavity. This lack of uniform thlckness creates compressibility
differences yzhich, at increasing pressures, causes bypassof the fluids being pumped.
Thus, the pump reaches a point where it is less efficiettt at ever increasing pressure.
Because of the different thicknesses, there are different-z Expansion characteristics and
different rates and the pump does more work and bmlds up heat from the friction.

20 Rubber used as the stator contact surface is not preferable in high temperature
envn'onments because of its low heat conductivity. In addmon. as progressive cavity
pumps increase in diameter, length and flow charactensncs to maintain a successful and
long lasting bond of the rubber to a steel housing becom__es__ more difficult. Also, where
hydrocarbons make up the m?terial to be pumped, such asm oil producing wells, rubber

25 is known to. deteriorate. One attempt to overcome these problems is taught in U.S.



the axial centerline of the rotor is required to orbit or gyrate relative
to the centerlwo®rabzmBhe stator or vice versa. Thus, there is a ptefisofeaks
of flexture that nust be accounted for to ob_*ain long life of parts. The
art is filled with various types of universal joints, 5 flexible shafts,~

and nechani t . Q a type

of ot on. | NEASHIOHOf 286 plile GRIAE %‘t&s Fncblifs Wi with B4 B bfcred
Heret of ore, the conv |onaI i neau. art has used a rubber or

el ast oner rreFPE‘FFafP%e detory o é@to’iso 8"’3@5@ Stillcomposed ofimubber. Such

el astomers include not only natural rubber, but also 'synt hetics, such as

G R S., Neopr ene, Conpgsitea ftbers havel besn tanght for @ vﬂrtel;oogpmdnetsefarﬁxem lnamerous
types such as soft PVC. The key, of course, is to nake the el astoner
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wi thstand the abrasive wear fromthe working contact bet ween the rotor and
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at the peaks of the helicoid in order to 15 create the progressive cavity.
This lack of uniformthickness creates conpressibility differences which,
at increasing pressures, causes bypass of the fluids being punped.




Thus, the punp reaches a point where it is less efficient at ever
i ncreasi ng Qrfesigesy Because of the different thicknesses, thgepnRofos7ss
di fferent expansion characteristics and djfferent rates and the punp does

nore work and builds up heat fromthe frittion. 20 - Rubber used-as
the stator contact surface i R LG i nper at ure
envi ronments because of its PHMMARY QL LHEI 249 addi tion, as

progressive cavity punps increase in dianmeter, length and flow
characteristics to nmaintain a successful and |long lasting bond of the
rubber to a steel housing beconmes nore difficult. Al so, where hydrocarbons
nmake up the meitesadlovealbebjactnpftiis imvertionsto disciose pewdonns of statdrs, rotodsbend
25 is known to deteriorate. - One attenpt to overcome these problens is

T/ Uso ek s (et icicesiéh? efficleney snd longetity of progressive caviy purmps. To st
series w él{h, Stﬁg %Hxix;a%y bo'l'a_'iec%%?%? §ention is to provide the use of composites or variations
of composites alone of__' ix':i"cfombination with elastomeré:__iff;in' the makeup of the stator

5 and/or rotor and/or ﬂexshaft of progressive cavity pumps
Another object is to provide the use of progresswe cavity pumps manufactured
accofding to this invention- which are capable of use in producmg fluids from well bores
such as taught in the afoge"said co-pending application. a_ndff_i__IfJ.S.Patent No. 5,417,281,and

for other above ground applications.




rotors for each stator. The stators, however, are still conposed of rubber.
Conposite fi by ofisusss been taught for a variety of products for sd1®ise7/06788
numer ous-characteristics of high strength, gtiffness, i ght weight, etc.,
but have not been utilized successfully for~use in Mineau punp designs-
WO 97/ 40273 . RAWIE CT/ US97/ 06788
4 SUMVARY OF THE | NVENTI ON SOV e Sh-eet—erHH-sPRvent i on to

di scl ose new forns of stators, rotors and flex shafts for increasing the
efficiency and | ongevity of progressive cavity punps. To that end, the
primary object of this invention is to provide the use of conposites or
variations of corBIGUREs]14ds arsectional rview rafiantypicah progressiveasavitepsmpn t he
makeup of the stator 5 and/or rotor and/or flex shaft of progressive cavity

punps. FIGURE 2 is a sectional view taken along the line 2-2 of Figure 1.

FIGURE 3 is a sectional view of another formof progressive cavity pump.
FIGURE 4 isan eievaﬁoml view of a composxte combination flex shaft and rotor
5 formed as one component. |
FIGURE 5 is an elevational view of 2 comp_os_itg.'{ rotor formed separately from the
flex shaft. N .
FIGURE 6isa view describing one method offormmg a flex shaft and/or rotor
f‘or a progressive cavity pump'. |
10 FIGURE 7isan e}evatioml view of an altemate form of flex shaft with a built-in

flex point.




Anot her object is to provide the use of progressive cavity punps
manuf act ur e ng to this invention which are capabl e of ' :
produckng fﬁlléggﬁ?i?gm wel | -bores such as %aught inthe aforesmggg’gg’r?gi ng
application and U. S Pat ent . No 5,417, 281Yand for ot_her above ground -

appl i cations. ‘ - :

PCT/ US97/ 06788 T ERAEEL-DESCRIFLL £ B EME [ENT:t i onal
view of a typical_ progressi, Ve cavi ty punp. FI GURE 2 IS a sectlonal Vi ew
taken al ong t hdVhile ke jnvention fhiaghesn 1describrdrmwith aseaamedcgrmmfpamwlamy, it
anot her form of progressive cavity punp. FIGURE 4 i's: an el evational view of
a conposi isemmﬂbstnmatomahyeohaagaf tmaynbermade in ﬂ:erdaﬁlilsiSofOﬂmsﬁ-ﬁmeﬁld the

arrangement of compone_x__l__t_s- _wlthout departing from the sp;g_x_t and scope of this disclosure.

It is understood that the _\,i_nv:e‘ntion is not limited to the embodnnent set forth herein for

5 purposes of exemplificat_i'op; but is lo be limited only by the scope of the attached claim

or claims, including the --ffu_ll' range of equivalency to whnch each element thereof is
entitled. | |

Figure lisa sxmple representauve of a typical progressxve cavity or Momeau type

pump. Such pumps mclude a basxc housing 10 through whxch the materials to be pumped

| 10 are fed through conduit -12 to the outlet of the pump 14. As is well known in the art, the

pump itself is made up of the ‘helicoid. stator, generally. desxgnated by the numeral 20, and

a matching helicoid rotor, generally designated by the numeral 30. The rotor is attached

to a flex shaft, generally' designated by the numeral 401,_3__j§_;_§rh1ch is then connected to a

rotary power source 50' Eﬁfwgh appropriate and sealed shafting 5§2. It is to be

15 understood, however, that the invention is applicable to othet forms of progressive cavity

pumps such as disclosed : m U S. Patent No. 5,417, 281and co-pendmg application S.N.

08/447,122, filed May 22, 1995 That is, the invention herem is directed for use in all

forms of progressive cav_x_ty_____pgmp applications, the mvenuon bemg in the makeup of the

stator and/or the rotor and/or flex shaft utilizing cox:lgosite materials. Composite

20 materials are typically de_f_igoll to include carbon fibers, boron fibers, ceramic fibers, glass

fibers, thermoplastic ﬁbe'rél natural fibers, metallic fibers, fibrous reinforced fabrics, tapes
and synthetic fibers, all of which are typlcally unpregnate'_,____ with thermal setting resins.

Typical of such thermal _settmg resins are the alkyd polyesters, general purpose epoxy,

general purpose phenoho and urea-formaldehyde compo__s__n;_xons.

30 B e p e v g ew



FIGURE 5 is an el evational view of a conposite rotor formed separately from

the, flex, shafq &) 6 is a view describing one nethod of forpEnwserédres
shaft and/or rotor for a progressive cavity7 punmp. 10 FIGURE 7 is an
el evational view of an alternate formof fl'ex shaft with a built-in flex
poi nt . WO 97/ 40273

PCT/ US97/ 06788 6 DETAI LED DESCRI PTI ON BRERFATQRERRED ENMBODI MENT Wil e the
i nvention has been described with a certain degree of particularity, it i

mani f est that neThe statorgformutajiope ofithis invention axe: bast ée@ribe@rimincwbrreénﬂ;ce
the arrangenent of conponents w thout departing fromthe spirit and scope

of this di sgl @eUémdss-section shown in Figures 2 and 3 which afe used herein to describe the

various alternate embodiments by reference to those pomons of the stator identified as

5 22,24 and 26, the latter being the surface by which the rotor 30 will sealably function

" within the cavity 28. The various embodiments are qaégtble of being formed by a variety

" of methods, mcludmg molding and/or machining andthus, provide formmulations that can

be adapted to a variety of pump uses and environmeﬁt%i Although the drawings indicate_

the use of an outer housing 10, it is to be understood that the invention herein could be

10 made up utilizing the stator area without the outer housmg 10.

EMBODIMENT A
In this embodiment, areas 22 and 24 are of a composite material which acts as a
supportive structure for the helicoid interface 26 of a rubber elastomer. The rotor,
generally designated by the mumeral 30, is comprised of stel or composite materials as
15 hereinafter described. ' |

EMBODIMENT B
In this embodiment, areas 22 and 24 are made ofacompos1te material, while the

helicoid liner 26 is a thermoplastic resin.

EMBODIMENT C
20 In this embodiment, composite material will make up the total stator, including
areas 22, 24 and 26.



It is understood that the invention is not limted to the enbodi nent set
forth hereip.f purposes of exenplification, but is tob nly
by the sco&g 3%'?%3 attached claimor clains, including the &ﬁﬂ#gﬁgﬁ
equi val ency to which each elenent thereois entitled. Figure 1 is a.sinple
representative of a typical progressive cavity or M neau type punp. Such
punps i nEMBODRIMENIC Boum ng 10 through which the materials to be punped
10 are fed through conduit 12 to the outlet of the punp 14. As is well

known in the dntthistdmbgadinent, t areds’ 22 andr2d areipf hdrdeee: Inedterdals, deitiettmachinable
general |y, de5|gned by the numeral 20, and a matchi'ng helicoid rotor,

general | t SHcIPY Edthrtcs3Withthe borl&l ﬂnferaﬁﬁxﬂ% rﬁhxgﬁied
shaft, g)ebner ?mdggl gn%ltg&ggl; t.he nunmeral 40, which en cg%necte to a
rotary po ) rough appropriate and sealed shafting 52. It is
to be 159 ‘é?’gﬁsg% g}o?tg%k%ver that the invention i's applicable to other
forms of progressive cavity punps such as disclosed in U S. Patent No.
5,417,281 and co-pending application S.N 08/447,122, filed May 22, 1995.
That is, the invention herein is directed for use in all forms of
progr &ssiEMBOIMMENTUrE applications, the invention:being in the makeup of
t he
The supportive structure is 22 and 24 comprised of a composite material wherein
the resin is formulated to have some elastomeric propertxeswnh the inner rotor contact
surface 26 being of composite material having little or no elastomeric properties. Such
a stator of this_ embodiment will provide an improved sealmg surface between the rotor
10 and stator surfaces, thereby increasing mechanical efﬁclency as well as reducing heat
during the pumping action. This construction allows for exﬁinsion and contraction of the
stator parts together, since the thermal transfer coefﬁclentofthe composite is higher and

capable of wicking off the resulting. frictional heat caused by the pumping action.

EMBODIMENT F

15 Areas 22 and 24 would be comprised of a rubber :éi?stomer with the inner rotor

contact surface 26 being a bonded composite material. In this embodiment, the

elastomer becomes protected from any deteriorating or: _abraslve produced fluids and

solids and destructive friction between the rotor and stat r

Referring now to Figure 3, a combination statorand rotor is configured in a

ce 26 would be of a composite

20 variety of manners. In one embodiment, the stator inner
having elastomeric properties with the supporting out r zones 22/24 being a non-

compressible composite for use with rotors of steel ox_'_'-:;f'r'__lon-compressible composite.




stator and/or the rotor and/or flex shaft utilizing conposite materials.
Composite 20 W edpass are typically defined to include carbon pcirarsezios7ss
boron fibers, ceramic fibers, glass fibers, gt hernoplastic fibers, natural
fibers, netallic fibers, fibrous reinforced”fabrics, tapes and synthetic

of, which are.typically.ip nat.e | £ her mal i £si ng,
Typi cal of YaBALY ﬁ@?‘mﬁg’é‘%t ?‘ﬁg”%@%%&eﬁ{ehgnﬁ ?9&‘& E&g I%ﬁ%f%?n%éﬁgl ofan
pur pose epoxy, general purpose phenolic and urea-fornal dehyde conpgsitions.
WO 97/ 40273inner core 98 and outer surface 100. For instance, if the innerTeereo980is78on-
THE STATOR The stator formulations of this invention are best described
herei n w t hcompressiblee composite anddbe outeri sunface A0Q elastatnerio eomposite] o3 mbber; the
are used herein to describe the various alternate enbodi nents by reference
to those poptefernéd Gtatbh @ompribing dréan22,f34°4hd236 would be non-compressible. Vice-versa,

fibers, all

S
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if the core 98 is an elastomeric composite and the outéf surface 100 is a non-elastomeric
composite, the stator 20 elements 22, 24, and 26 ys_'_?bnld be a non-elastomeric, non-
compressible composite, or surface 26 an e}astomeric;_' composite, while area 24 and 26

are non-compressible composites.

ROTOR AND FLEX SHAFI‘

In the preférred. embodiment of this inventiéx_i for use with any of the Statdr
embodiments, the rotor is formed of an all coméoSite material. An additional
embodiment is to form the rotor, generally desxgnated by thc mumeral 30, and the flex
shaft, generally designated by the numeral 40,as a siné_le unitary member such as shown
in Figure 4 or as a separate rotor asshowninFiguthwhichcanbeauach to a
separately made flex shaft such as the type shown in'.f?igure 6. The rotor and the flex
shaft can be formed in a variety of ways such as utilizing 2 resin transfer mold (RTM)
for making complex configurations. One method of forming a flex shaft and/or rotor is
shown in Figure 6. Metal or composite end fittings 40 and 62 are used which include an
outer molded or machine threaded portion 64 and 66fii:'i¢._:s.pectively for connection to the
rotor at one end and the rotary power source at the other The fittings include first mner
shoulders 68 and 70 for retaining the composite fibers axially to provide tensile and shear
strength; Adjacent the inner shoulders are polygonal; §Sually hexagonal, surfaces 72 and
74 respectively. Inmer cylindrical portions 76 and 78 provide a surface to retain a

mandrel 80. Mandrel 80 may be any form of material__; plastic or metal and is used to



5. 22, 24 and 26, the latter being the surface by which the rotor 30 will
seal ably f th| n the cavity 28. The various enbodi nen capabl e .
of being forneg?@& a-variety of methods, including nolding anmsw&ni ng

and thus, provide- formul ati'ons that can b® adapted to a variety of pump

uses and environnents. Although t he draw ngs_indicate the use of an outer

housi ng Rssemble; éhQ cPaES@ cPIOvided suppert 1o e BYACESsn ofi dfosming: dbe ccamepasite
_;r '_ area W|thout the outer hou5| ng 10. EMBODI VENT

acts as a supportlve stru 'u're for the helicoid interface 26 of a rubber

el ast ONMerassentbly 60 patts. GO 62T dd! sodmélsﬂﬁgérsﬁdopwmmﬁg rwgmr,ﬂ{é,,gghmé@ %hged

of steel or corrp05|te mat lals as 1 ei nafter describéd.” EMBODI

In this tﬁé .--\'f%éﬁ%t%rraterla&ﬁ rs
g '

the helicold LRS- B
5 86 in one angular direction.and fibers 88 in the opposite direction, typically 45° as shown,

or by rotating the ibe ound the mandrel, until the heiéﬁt thereof matches the outer
diameter of ﬂanges 60 and 62. Each layer adds anywhere from between .025 to .040

inches (.64 to 10mm ayer The resin used makes: up ‘about 40% of the resulting

composition, and because -'of the wrapping of the layers of composite 86 and 88 m the

10 manner shown, the fi are onented at an angle to the sheer plane of the flex shaft.

Thus, such aconstmcnon descnbed perxmts the orbxtal- or eccentric movement of the
flex shaft relative ‘te'ah al power source required to operate a progressive cavity pump.

Ordmanly, the - shaft and rotor used in progresswe cavity pumps is made of

15

20

materials can be used e nvu'onments exceedmg 600°F - (3_15°C) Overall, the strength,

fatigue and stxffness of eomposlte materials are found to'.'-be equal to and in most cases

exceeding the specifica of metals, including titanium, steel, aluminum, etc.
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In this enbodi ment, conposite material will make up the total

stat,or, i.ncl udiowyezmas 22, 24 and 26. WO 97/ 40273 PCT/US97/06788
PCT/ US97/ 06788 8 EMBCDI MENT D In this enboggnment, areas 22 and 24 are. of

hardened materials, either nachi nable or nDIdabIe such as_ steel or

ceramcs, witht tadiVe cabi t g,éfqi t RSN t 6F
material. 5 Ewﬁmﬁhga%mgortll ve S![ re |§H%? £ Euﬁcorrprl sed of
a conposite nmateri al relfj he res¢ 1S f&j mlated to have sone

el astonmeric propertie$S” rEelast “Otact surface 26 being of

conposite materi al haV| ng I|ttIe or _no eI astorrerlc &r)opertles Such
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L Epoxy Resm from Shell Chemical
Lindride 6K hardener from Lmde_au_ Company .
Uncurred sheetmbber .075"thick was loaded" with Teflon® and lubricant supplied
by-Kirkhill Rubber Co.. The stator was formed by laying up strips of the rubber on a

helicoidal mandrel. The composite of fiberglass andresm plus hardener in a ratio of

100/88 resm/hardener - were then filament wound overthe rubber. The assembly was

then cured in an ove!__l--_.:;a!'f_a temperature of approxinjxat:l_y' 300°F (150°C). The composite
becomes essentially non-compress:ble The helicoid’-? rotor was steel. Initial tests

indicated a longer run. lee to failure than an ordmary elastomenc rubber stator.

A flex shaft was constructed as per Figure 6:
E-Type Fiberglass, .
DPL Epoxy Resin
Lindride 6K Hardener, and
" Machined Metal End Fittings

A thin, flexxble mbe 80 of polyolefin, sold by Phxlhps Petroleum under the name

DRISCOLL, acts as a nmndrel that is bonded to and holds the end fittings 60 and 62 in

space. Next, the fi berglass and epoxy is filament wound as shown + 45° (88 and 86) over
the assembly until it is bullt up to the desxred outer dlametcr
Another embodiment of flex shaft is shown in E;g_ure 7 being so constructed to

create a flex point 94 formed as a concave indéntatiog less than diameter D. The

location of the flex po ill vary with the characteristics of the pump including size of




a stator of thi s enbodi nent wll provide an inproved sealing surface

bet ween t hgy, 0 ~and stator surfaces, thereby increasin Ical

ef fici-ency as vveﬁ as reduci ng heat duri ng t he punpi ng actio%gﬁﬁw&%
construction allows for expansion and cohZraction of the stator parts .
together, since the thermal transfer coefficient of.the ‘conposite is higher
and capatﬂ"é Py, BRera] ¢pfbe; memped uete; nkper flex Point aganhbe: forzaads by, chaygingevia
punpi ng action. ENMBODI'MENT F 15 Areas 22 and 24 woul d be conprised
of ar ublcemputexscontmlled mieans,ethenangularodivectionnofidie somposite Pibelscanitilor” resin
bonded conposite naterial. In this enbodiment, the el astoner becorres

pr ot ect egndtéals A ke pdirit0bAtardid \ﬂfer@mea@isvees&eod%?fin&thh&eds m% mnd
destructive friction bDetween the rotor and stator. “Referri ng now t o |gure

" iné"g‘#%'ﬂ%fﬂo RCR, SR0ing s 6 herBATBG I, e BfuilP ELcoR! R B
el ast ert| th the upporting oquter zones 22/24 being a non-
conpr SSI R%d’é?gf"é & t?fprcﬁ‘faé‘? s dJlexssection owithowt dspaepsing i pyerall

conposi te.
diameter D.

The Uerms "elastomeric” or reslhent" as used thh reference to composites is
accomphshed by vanatlons in the composite fi bers andlor the resin formulations to
achieve the desn‘ed characteristic. For example, HELOXY ﬂexabhzer by Shell Chenncal

10 Co. is added to the DPL-862 Epoxy Resin in an amount thhm the range of 20-40% by
| weight. Thls_ is t_h_en mixed with a hardener and TEFLQN_‘ powder in an amount to
maintain a wo;kable- (flowable) mixture which is then ;pplied to the fiber in the
formation of fa'stét_br and/or rotor. The resulting composite is oven cured at 300-400°F

(150-200°C) for approximately ‘_fonr hours.




WO 97/ 40273 PCT/ US97/ 06788
9 Varl ous co%%%\s are possible when the rotor 30 is of twecyardss7/067ss
construetion of an inner core 98 and outer,surface 100---For.-.i.nstance, if _
the inner core 98 is a non- conpressi bI e cbirposﬂe .and the outer surface
100 el astoneric conposite or rubber, rred statmu ﬁm m as
22, 24 and 26 woul d be non-conpressi bl e%ersa 5’ ' 'l lmumr
an el astoneric conposite and the outer surface 100 is a ‘nori- efas? on®ri*c
conposi t e, What istclaimed#s:el enents 22, 24, and 26 woul d be a .
non- el astoneric, non- conpressible conposite, or surface 26 an el astoneric
conposi t ¢, Whi | ez preEressiversaviBopump comiprisimgr essi bl e conposites. ROTOR AND
FLEX SHAFT 10 In the preferred enbodi nment of this invention for use
wi th anysof the Statﬂisﬁtﬂe%ﬁﬁgﬂhﬁ infefifal ' WAl gﬁoéver med of an all conposite

material. An additional

3 a helical rotor operational within said ;-_s_tator; at least one or both said
4 stator and said rotor comprised of a composi__tg; material; and

5 means to rotate said rotor.

1 2. The progressive cavity pump of claim 1 wherein. sald stator includes an elastomeric

.2 inner surface in contact with said rotor.

1 3. The progressive cavity pump of claim 1 wherein. fsé-id stator is an elastomeric lined

2 composite and said rotor is steel.

1 4. The progressive cavity pump of claim 1 wherein_-_-____said rotor includes a cdmposite

2 flex shaft connected to said means to rotate said rotor..

1 5. The progressive cavity pump of claim 4 whereiixﬁ said flex shaft comprises first
2 metal end fitting and a second metal end fitting between ‘which and connected thereto
3 is a composite material, said first end having means to attach to said rotor, said second

4 end having means to attach to said means to rotate.

1 6. The progressive cavity pump of claim § whereiﬁ each said first and second metal
2 end fitting comprises, axially, an inner surface portion torece;ve said composite and an

3 outer portion having means to connect with said rotq_g, and a flange, of diameter



epbodi ment is to for ally designated by the nuneral 30,

and the fl Qyo9hadéss gumunﬂmuuuﬂmm ed by the nuneral 40, a%r_ﬁggg@ﬁl e. ,
uni tary menber sucﬁ as”showt i Ffgute 4 or as a separate rot : in
Figure 5 which can be attached to a 15 sdfarately made flex shaft such as
the type shown in Figure 6. The rotor and the flex.:shaft-can be formed in a
vari et ¢ Substagtially, egualsto, idesised, giameters jof saidafiex shaftrthesehervedn fsaid dmrer rempd -
conpl ex configurations. One nethod of formng a flex shaft and/or rotor is
shown Bn oltegupertipnsjvisaidl inner cportioni havingia feducedghiarBteanded? batweens adlangdrch
I nclude an outer nol ded or machine threaded portion- 64 and 66 respectively
for coéngelysidedt shankeandD sdi@tfidnga! one end and the rotary power source at
the other. The fittings include first inner shoulders 68 and 70 for
retaining the conposite fibers axially to provide tensile and shear
strength. Adjacent the inner shoul ders are pol ygonal, usually hexagonal,

surfaces,/72 a 74 respectively. | r, cylindrical -
pr ovi dg - surf HEP1O8 'tvﬁi%vgyéﬁw&égﬁw gmﬁ‘?‘%ls;-
material, plastic or netal and is used to S

2 bya filament winding process in alternate layers at +45°and -45° to the axis of said flex

3 shaft.

1 8. The progressive cavity pump of claixh 4 wherein_ sald flex shaft comprises first
2 composite end fitting and a second composite end fimng between which and connected
3 thereto is a composite material, said first end having means to attach to said rotor, said

4 second end having means to attach to said means to rotate.

109, The progressive cavity pump of claim 5 wherein..each said first and second
2 composite end fitting coenprises, axially, an inner surfaee portion ‘to receive said
3 composite and an outer portion having means to conmcthth said rotor, and a flange,
of diameter substantially equal to a desired diameter of saxdﬂexshaft therebetween said

inner and outer portions, said inner portion having a reduced diameter neck between a

- Y B

larger polysided shank and said flange.
1 10.  The progressive cavity pump of claim 6 ein saxdcomposnte material is formed

2 by a filament winding process in alternate laye: at +45°and -45° to the axis of said flex

3 shaft.
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10 assenbl e two sapen and provide support for the process of forcmvgsmaass
conposite structure of the flex shaft. TheIl ndrel -80: |s to have

y

flexibility in and of itself. After assenbly of parts
process qf ndi Q eS| n | d te fibers l i
t he assen‘blgyI rel ﬁ‘t ﬁgéﬁ %ﬁ%@ ’ ed corrposl te

one angul ar di rectlon and flb, rs 88 krB@B pposite di rectlon ty |caIIy
45[err] & shown, or BySGFafMAGSIAIE 19 °graoHHHa‘Eyhé“PR9THr seetion, and & e
hei ght t her eof matches the outer dianeter of flanges 60 and 62. Each |ayer
adds anyviher e frbondedt internal belical surfage seatione saidesuppert1segtiop qemprisededf The
resin used makes up about 40% of the resulting conposition, and because of
the wrappj ng of & heonhpisite s materiabnandisakl dflicald stiffaden stdtionl Gomiprisedr of oW,
the fibers are orlented at an angle to the sheer pltane of the flex shaft.
Thus, sutgﬂ a conﬁ hﬁ descri bed, permts the orbital or eccentric
novenent of the flex's r'el ative to an axi al povver source required to

operate g progr essi Yea‘i,%)&c&ymWTBperauonax within said stator, and

7 *means to rotate said rotor.

1 12, The pump of claim 11 wherein said composxte material is substannally non-

2 resilient, and sa:d bonded material is a resilient elastomet
1 13.  The pump of claim 11 wherein said bonded material is a resilient composite.

1 14, The. pump of claim 11 wherem said compos:te material is resilient and said

2 bonded matenal ls a ngnd composite.
1 15. The pump of claim 11 wherein said rotor is a rigid composite.

1 16. The pump of claim 11 wherein said rotor compnses an internal rigid composite

2 material bonded 0 an outer resilient material.

1 17.  The pump'of claim 16 wherein said resilient material is an elastomer.

1 18.  The pump :-'oj_f claim 16 wherein said resilient ma_téfial is a composite.

This Sheet Has B

il




Odinarily, the flex shaft and rotor used in mﬂﬂmﬁmﬁﬂ y punps is
e of ste Ltd--8Zi Ng a conposite flex shaﬂlm €. 7/06788
terials V\hq?gﬁlr)g#gbanti- 15 isotropic. make & Stedl flek shart Nore
exi bl e consists of either reducing the 'l thickness or making the-

f

di ameter smaller. Both of t gse t hods reduce the strength of a netallic
flex shafd9espddeapoipn ofi Fﬁuéfﬂa ‘t’.i‘]?rﬂnzéf’ﬁoﬁ‘?f’s al% PRt said, Fotar; inclydesep
and the alignment:of these fibers, permts a larger wall thickness while
provi di Bgcompositenmaterialgflex shaft.raxi mum flexibility required in the
eccentric: orbital notion. Conposite 20 naterials are inherently better
in fatigue application than nmetals, nor will they rust, corrode or react
with the chemcals found in oil production environnent; yet, the materials

can be ynagnvi regith gt 10 %HAGh Yaid flek HdtCbompHelh bog) % of died

fatigue and stiffness off conposite materials are found to

| DSt p0R00 AP RRHA%ol B5nsda6h fo"did BbnPto TEhA' nd 18 Sl Tol?, bt Tha
3 axial mandrel connected to each said fitting, and

4 co‘mposite filament and resin windings around said mandrel to create said body.

1 21. The pump of claim 20 wherein said filament windings and resin are wound at

2 alternate angles of +45° and -45° to the axis of said mandrel.

1 22. The pump of claim 20 wherein a flex section, is created in said flex shaft.

1 23. The pump of claim 22 wherein said portions of said filament windings and resin
2 are wound at angies of 45° to said axis while another portion is wound at < 45° to create

3 said flex s_eqtion.

1 24. The pump of claim 22 wherein said flex section is formed of an inward

2 indentation.
1 25. The pump of claim 24 wherein said indentation is curved.

1 26. The pump of claim 25 wherein said curve is concave in axial cross-section.

- This Sheet*ﬁas‘-Been Refilaced

i
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11 One exarrp%g;mﬁ-,j)r unp conprised consti t uerETOSETAGTSS!
of : E-Type Fiberglass of Oaens Corning. DRk Epoxy Resin from Shell Cheni cal

Co. Lindride 6K hardener from Li ndeau Co ny 5 : Uncurred sheet =

rubber . 075"t hi was Io h, Tef | d_l ubki can u d

Ki r khi | I Iﬂ-?nber%&l’ umg, o1 & ﬁ‘é‘f’wmgf%g?f@ Qy‘fwrﬁﬁﬁsﬁﬁ?@ PM gPypaced
rubber on a helicoidal mandrel. The conposjte of - flberglass ana re5|n

har dener? i gomposite| endofittmgs,fop cornectiom, p faidomesns - fotals and \%lﬁna

the rubber. The assenbly was then cured in an oven:at a tenperature of

appr oxi it fidy aiab peandiel (:drﬁﬁ{mdr]ofxachded'm‘m&smcb 10 becones essentially
non-conpressible. The helicoid rotor was steel. I'nitial tests indicated a

llonger rgn lifecéq g&s’ite' Flfinéritodhde fest dhﬂﬁhgs QtaOREA irfaridsbibes cedats @hid Body.
flex shatt was constructed as per Figure 6: E—Type Fl ber gl ass,

1 28. The pump of claim 27 wherein said ﬁl’amem_'_'__gi_,_:ix_;dings and resin are wound at

2 alternate angles of +45° and —45° to the axis of said mandrel.
1 29. The pump of claim 27 wherein a flex section 1scmted in said flex shaft.

1 30. The pump of claim 29 wherein said portions of_.‘_;s'a_i_d filament windings and resin
2 are wound at angles of 45° to said axis while another portlon is wound at < 45° to create

3 said flex section.

1 31. The pump of claim 29 wherein said flex sggﬁon is formed of an inward

2 indentation.
1 32. The pump of claim 31 wherein said indentation is curved.

1 33. The pump of claim 32 wherein said curve is concave in axial cross-section.

" ‘This Sheet Has Been Re'ilaced
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DPL [Epoxy Resin 15

End

Li ndri de 6K Hardener, and Machi ned Met al
I ttings Awvoame2f3l exi bl e tube 80 of polyolefin, sold by Phijld
POnes

Pet fol eum under the name DRI SCOLL, acts as a mandfel that is bon

hol

It

WO 97/ 40273
12

s the end fittings 60 and 62 in space.l
~isffilament wound as shown 45[err],
: is built up to the desired outer

- shhaft is shown in Figure 7 being so
- frmed as a concave indentation |esg
- fllex point will vary with the chara

di amet er.

cdROTARYd
5t ROWER™

/Rext , t
over 20 the assenbly until
Anjot her enbodi ment of flex
o-create a flex point 94
80 The I ocation of the

tteristics off the punp including size of
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the punp, material to be punped, etc. The flex point can be fornmed by
changing, - vi awoepaees control | ed neans, the angular direction ecrhii97/06788
conposite fibers and/or resin materials aﬁlthe point or area where flex iIs
desire. For instance, during a filanment W r?di ng at +45 and -45 up to -

. section 96 (Fig. 7), the angular direction would be 5 changed to angles

. less than 45 to create a flex section wi thout decreasing overall dianeter ,
- D. The terns "elastoneric' or "resilient" as used with reference to

- conposites is acconplished by variations iptherpogpqsite fibers and/or the
- resin formul ations to achieve the desj ‘”%ﬁ?xﬁmié’("% For exanpl e,

HELOXY fl exablizer by Shell Chenica " QP EELLIRNI TCbe DPL- 862 Epoxy
Resin in an amount within the rang Y y ' BN n mxed
- wWith a hardener and TEFLNO[err] RoUNt - TONNET L3R a Wor kabl e

(flowabl e) m xture which is thg

74

447777,

N, N

SIS IINSEINSY
(L2227
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PCT/ YS97/ 06788 w3 ofikadhrd/S What is claimed is: 1 1. A progressi¥ ﬁﬂ%%&%ms‘
punpf conprising: 2 a stator havi an internal helical groove,
3 a helical rotor operational wthin said stator; at |east ane

or poth said 4 stator and said rotor conprised of a conposite
matferial ; and 5 ans to rotate said rotor. 1 2. The

pr pgressi ve cavity punp of i1l wherein said stator includes an
eljastonmeric 2 inner surface\in cyntact with said rotor. 1 3. The
pfogressive cavity punp of wherein said stator is an_glastoneric
ned 2 conposite and said rptor ks steel.
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1 4. The progressive cavity punp of claim1 wherein said rotor includes
a conmposide 2w emuosRft connected to said means to rotate sai dpp@hfioriochss-
The progressive cavity punp of claim4 whergin said flex shaft conprises

first 2 netal end fitting and a second rretz!l end fitting between which and
connected thereto 3 is a conposite material, said first end having neans to

7

_attach to said rotor, said second 4 end having nmeans to attac gi d
- neans to rotate. 1 6. progressive cavity punp of ' ei n
. each said first agf s agtal 2 end fitting conpriseg, axi n inner
. surface portion t I id conposite and an 3 out & porti I ng
' means to connect with ] tor, and a flange, of dianeter WOiHy/ 40273
PCT/ US97/ 06788 4 su ially equal to a desired di anetefT Of flex
shaft therebetween } Fnd 1 0
. L 8 w ° 3
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¥ PCTUS
-5 outer portlons sai !I ﬂ I(!. uhaw ng a reduced &%gﬁgn

oo -:a ger 6 po yS| dedlg| HSIGIS!%“ % Lgtameis?
i-} HHTD eri aI is formed 2 by a filanment
o di ng process Y&Séﬁs’\{e;&[vﬁ{y [err] and -45[err] to the axis of
sard flex 3 shaft. 1 8. ressi.ve cavi of .claim4 wherein

- .said fl shaft conpf Stetes, ﬁ‘?i‘?‘gég‘gﬂ’ﬁaé’g ﬁ"@‘%qos‘h’&? n%é“&r‘"&‘"&g?@

"-' np05|te end fitting between which and connected- 3 thereto is a conposite
erial3 said ¢ylindricalrrurfacs, and)a bondrsl interaalthelieal isyrfaes sectioncwid sippdrt4
ond end having means to attach to said means to.rotate. 1 9. The.
gr essd ve cavsettiorpcomprided of aisubsfantially aon-restlisnt emplosite medteriad dormedwfd 2
fposite end fitting conprises, axially, an inner-'surface portion to

ve said 3 &ﬁmﬁbﬂtlﬁ%ﬁﬂ’dnﬁﬂie% of\GirbdnOfibdis,\Honéh fiBerdScerainfeiiepst W th
d rotor, and a flange 4 of dianeter substantlal ly equal to a desired

et er of sai s ?@E%eﬁ&"fﬁ i ons,
d inn6er port ggn VI ng aofp u‘ge i anme elrﬂ% ‘b\gg%sa&ge graig%gl%
ys| de.,;i 3 hankﬁ&r}g w?&hdaryu%g egnated with a thermal settmg resin;

U-

8 said helical surface section comprised of a_bgnded resilient elastomer material;
9 . a helical motor operational within said statof;-and
10 " . meansto rotate said rotor.

1 12. Cancelled

1 13. Cancelled

1 14.  Cancelled
1 15. The pump of claim 11 wherein said rotor is a rigid composite.

1 16. Cancelled

REPLACEMENT SHEET

1 17. Cancelled . ) 1 8:MAR ;I999'

1 18. Cancelled

i e e
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1 10, The progres@l@” MH’“!I)HII'M“I of claim®6 ei P salugongsth6 7 88
- at erl al" is fornmed anent= W ndlmg process |n &Eg{m é %97
A5 ‘and - 4§éerr to the a { aid fl, 3 shaft t 3&?

- sépt enbek be pump of¢lgj S Fej s@ mays ﬁﬁa@os%wéqrﬂgcluées 3 composite”
“a:stator, said stator forpmed of a unitary support ‘section having an outer 3
eylindri 2 amategial flex shaft] saidoferishaft comeprisad off @l Hods| formed of spacest metab end dittings
—support 4 section conprised of a substantially non-resilient

conposi t3 foriconmetion &5 saidimeénsto rotate and tb kdid Fotof, affleRible Ariduxidl meandfe) ¢pruidcted
. bon fibers, boron fibers, ceramc fibers, 6 " glass fibers,

NOpl syl éé,cﬁ S48 Fitting) 3l cﬁin&ﬁélﬁeﬁﬁmhﬂi%ﬂl &élﬁ WihBREsS aroﬂﬂ&' said méfiﬁfe'l %o éreate

ers which are | npregnat ed er mal settlng resi
5 said body. '

1 20. Cancelled

1 21.  The pump of claim 19 wherein said filament wind.iirggg;:_and'resin are wound at alternate

2 angles of +45° and -45° to the axis of said mandrel.
1 22. The pump of claim :7 wherein a flex section is created in said flex shaft.

-1 23, The pump of claim 22 wherein said portions of said filament windings and resin are
2 wound at angles of 45° to said axis while another portion is wound at < 45° to create said flex
3 section.

1 24.  The pump of claim 22 wherein said flex section is formed of an inward indeﬁtation.

-1 25.  The pump of claim 24 wherein said indentation is curved

1 26. The pump of claim 25 wherein said curve is conc;gvé_ m axial cross-section.
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Sastonr meor 2t IR == o o o

L d stator;- and 10 means to rotate said
‘Cancel | ed 27.13. The mp@ﬂcémlhawhere@awéeﬂwem wpnsesrnequurﬁpnned of sbaged 1
.wherein said rotor is arigid:conposite. 1 16. Cancelled 1 17.

. -_-_Cancel | 2l comiibsite esithfittirigh dor conn&thmttotsmdanednsm rotatd afid b wﬁmtoﬂ,%ﬂex;ble and

.3 axial mandrel connected to e_ach said fitting, and

4 cbmposite filament and resin windings around said mandrel to create said body. _

1 28. Thg pump of claim 27 wherein said filament windings and resin are wound at alternate

2 angles of +45° and -45° to the axis of said mandrel.

1 29. The pump of claim 27 wherei;i a flex section is created in said flex shaft.

1 30. The pump of claim 29. wherein said portibns of said filament windings and resin are

2 wound at angles of 45° to said axis while another portion is wound at < 45° to create said f'x

3 section.

1 31.  The pump of claim 29 wherein said flex section is formed of an inward indentation.
1 32. The puxixp of claim 31 wherem said indentation is curved.

1 33.  The pump of claim 32 wherein said curve is concave in axial cross-section.
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‘The punp 'mm,lml"rllliwlwgﬁa n said neans to rc?t';TaJSalg?o(cﬁb-? 88

I'udes a ‘conposite 2 mater! al sh ) d Jf | ex shaf 1 sgd

y forniad343f SR?PQ?%F%‘? al _end fitti ngg%fzzri)-"cc}nnect i on %‘?)EQQH§ ahgtt.l«gmw
rotate and 1o sal Ve CAVILY DU OMPRISING:; al mandrel connected 4 to each

said fitting, and conposite fjlament and resin w ndings -around said mandrel

to create 5 sai d body? Statorp said gater dfotmell fof | = maitdry asihpbR Siebtion rhgwgg %n otter

SThe 'unpe?of?; ¢l ai m&l‘gmvgegrefi n said/filament and resin w ndi ng wound~a

al'ter nat @ 2 angl eydindfical s6rfagechnd4bberidell ihterdal Belfhl Surfi ' rel . 1 22,

Relfoal Surfice %@étﬂmg?zgg PF%R?‘&‘FF&PP’_‘

‘The punp of claim 19 wherein a flex section is created in s

s 5 g ST Sty ot S b

windi'ng 2 wound at angles of 45 t0 said axis i
cat’ < A5[ @rr] to fiveffth 18l L): tign.  1.24. . The punp of claim 22
wherein said flex secﬁegﬁdt%s%@)rﬁrr@ﬁa%@ sﬁﬁmgrfﬁﬁ?’oaqdn_dent ation.

Sl 4 said helical surface section comprised of a bonded resilient elastomer material.

48 MAR 199
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punp of clai'm11° wher &i n sald flex shaft
2 conposite end fittings for iconnection

rotor, a flexible

conposite fil arrent and resin windings arldund sai d mandr el

body. 1 28. 1 e

mandrel . 1
said flex shaft.

A- I S - T ”. T

10

of claim?24:wherein said indentation is curved.
"milwtwu said curve is concave in axial cross-section.
te sheet - 3 Septenber 1999 17 1 27. The

igng i se :ggpf or ”Eeaﬁa aced

0 said

The pl!‘rFE?tQﬁ

$0-9
1 RS COPY

and 3 axiali mandrel connected to each said fitting, and 4

to create said

 PFQSTSFIVE PAVIGHPRIP RPEPESINE: sai d/ i ament and resin winding
are wound at_ alternate 2. angl es of +45 and -45[err] to the axis of said

cylindrical surfaee and a bonded internal helical surfaoe sectmn said support
section compnsed of a substantxally non-resilient composxte material formed of
a filament fiber from the group of carbon ﬁbers, bomn fibers, ceramic fibers,
glass fibers, thermoplas’uc fibers, natural fibers, metalhc fibers, and synthetic
fibers which are 1mpregnated with a thermal settmg \resm,

said helical surface section comprised of a bonded resilient elastomer material;
rotor
a hehcaz_metep operational within said stator and

means {o rotate sa:d rotor.
Cancelled
Cancelled

Cancelled

1

. The pump of claim ll wherein said rotor is a rigid coijpposite.

i
Cancelled i
Cancelled

Cancelled

d saton w%#m%m@iseﬂm hayipgjag opgtepat ed in
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1,30 Th f cIa|m29 wherein/a portion of sald/fllarrent and resin
wi nding are 2 vvo " “Hﬂ” 45 to said axis Wmle anot her portion is
wound at < 45 to fil 3 section. 1 31.:-, The punp of claim 29
wherein said flex sectlon is*formed of an | ward i‘ndentagtion, 1 32 The
punp of claim 31 wherein said indentati OnSuBsgmtges(lpeej %Sept%g%ﬂjﬂg%f
claim 32 wherein said curve is concave llg axi al cross-section. 1 34. A
progressive cavity punp co sin a stator, said stator formed
of a unitary Buppdhe PB@thfgﬁmé Wﬁm@mm" said @Sﬂfl acomppsiteice
and a bonded internal helical surface section, said support section 4
conprised of mateniahflex shafy saig few shafcomprised of a bagioformed erefl ametal sad fittisgnred
of a filament 5 fiber inpregnated with a thermal setting resin; and

4 3 for epmpestineto %@Im@eﬁtpme%P%ﬁh%ﬁpﬂMM mederk gonneetd | ent

el astonmer material .
Lo 4 to each said fitting, and composite filament and resin wmdmgs around said mandre] to create

5 said body.

1 20. Cancelled

. fllament and res:.n winding
1 21.  The pump of claxm 19 wherein smdL -and-resin-are wound at alternate

2 angles of +45° and -45° to the axis of said mandrel.

1 22.  The pump of claim 19 wherein a flex section is created-in said flex shaft.

a portion : fi—-l‘lament and resin winding
1 23. The pump of claim 22 wherein[geid—peﬂ-ieas- of said/flam indi i

2 wound at angles of 45° to said axis while another portion is wound at < 45° to create séid flex

3 section.

1 24,  The pump of claim 22 wherein said flex section is formed of an inward indentation.

1 25. The pump of claim 24 wherein said indentation is curved _

1 26.  The pump of claim 25 wherein said curve is concave m ax1a1 cross-section.
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1 27. The pump of claim 11 wherein said flex shaft com es a body formed of spaced
composite end fittings for connection to said means to rotateanto said rotor, a flexible and

axial mandrel connected to each said fitting, and

& w0

composite filament and resin windings around said mandrel tc; create said body.

£ilament and resm winding
1 28.  The pump of claim 27 wherein sauy_ s-and-resin are wound at alternate

2 angles of +45° and -45° to the axis of said mandrel.

1 29. The pump of claim 27 wherein a flex section is created m said flex shaft.

rtion fllament and resin winding
1 30.  The pump of claim 29 wherem]_smé—pefaeas of sald[ ament-windi :

2 wound at angles of 45° to said axis while another portion is wound at < 45° to create said flex

3 section.
1 31.  The pump of claim 29 {vherein said flex section is form'e_c_I_f p"f an inward indentation.

1 32.  The pump of claim 31 wherein said indentation is curved __::-

1 33.  The pump of claim 32 wherein said curve is concave in ‘axial cross-section.
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