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i PROGRESSIVE CAYITYPlJMPS . . .. -.·;-· 
: · ... ··:·. 

USING COMPOSITE MA~RIALS 

.RELt\TEDPATENTS AND AJ'PLICATIONS 

This is a divisional and continuation-in--part _::~f co-pending application S.N. 
. ; . ~ ' ·:. 

. . . 

08/447,122, filed May 22~ 1995 which a continuatiop~@~part of S.N. 08/194,835, filed 

February 14, 1994,now·u..$.Patent No. 5,417,281,both 0ofwhich are incorporated herein 

by reference. 

S FIELD OF THE INVENTION: 

This invention rela~ to improvements in progressive cavity pumps of the type 

composed of a helicoidal ·rotor acting with a complint~ helicoidal stator and also 

well known as a "Moineau pump". Such pumps are wi(:tely used in many industries. 

BACKGROUND OF THE; INVENTION: 
. C·· '." . 

10 Progressive cavi,typllDlps have been known s~;,their invention was·disclosed in 

U.S. Patent No. 1,892,217,entitled "Gear Mechanism" :,iQ Moineau. The helicoidal rotor 

and the stator · engage • -wilh each other along a sealit]g line to create cavities which 

progress axially as the. !'.<>tor is rotated relative to the· . b1ator. Because of the required 

sealing and s~g ~~t .concept of a Moineau· pump~'-:the stator and the rotor become 
·.:· :::;· 

15 subject to extensive wear, which necessitates frequent ·teplacement of the stator and/or 
·':?· .. ; 

the rotor. Commercially a~able Moineau pumps, as ~il as those disclosed in the prior 

art, require extensive 4isas'setnbly of the pumping app3tatus to replace the worn stator 

and/or rotor, in addition t9 the down time loss of usc;_~<.-~n the case of use downhole in 

weJls, either drilling tb~ well or producing the fluids' Lfrom, to be able to decrease : l .· '·· 
. ' . 

20 the frequency of down tfµi~ ~ extend the useful life 9fthe pump is a desired objective. 
-· . I . 

I 
I 
; 
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Becaµse of the nature of a Moineau pump, other pans are affected mainly bec~use 

the axial. ce~terline of the rotor is required to orbit or &)'rate relative to the centerline 

of the stator or vice versa. Thus, there is a great deal of tl~xture that must be accounted 

for to obtain long life of parts. The art is filled with various types of universal joints, 

S flexible .shafts, and mechanical connections to compensate . for the orbital or gyrating type 

of motion. 0Many of these are disclosed in U.S. Patent No. 4,923,376. 

Heretofore, the conventional Moineau pump art tm.s used a rubber or elastomer . . 

materials bonded to steel for the stator contact surface. Such elastomers include not only 

natural rubber, but also synthetics, such as G.R.S.,Neop~ile, Butyl and Nitrile rubbers, 
. . 

10 although there are other types such as soft PVC. The lcey, of course, is to make the 

elastomer property soft enough to maintain the sealed cavity, yet be hard enough to 

withstand the abrasive wear from the working contact bc:tween the rotor and the stator. 

The rotor ~n these instances is usually made of steel. So~ efficiency of the pump is lost 

because the elastomer mold must be thicker at the ~ of the helicoid in order to 

15 create the progressive cavity. This lack of uniform thi~s creates compressibility 

differences which, at increasing pressures, causes bypass ·of the fluids being pumped . 
. ' .. 

Thus, the pilmp reaches a point where it is less efficient at ever increasing pressure. 

Because of the different thicknesses, there are different· .~ansion characteristics and 
.:·: 

different rates and the pump does more work and builcb,~:11P heat from the friction. 

20 Rubber used as the stator contact surface is not }>referable in high temperature 

environments because of its low heat conductivity. In a~dition, as progressive cavity 

pumps increase in diameter, length and flow characteristi~~: to maintain a successful and 

long lasting bond of the rubber to a steel housing become,$ more difficult. Also, where 
.. ·: 

hydrocarbons make up the m~terial to be pumped, such as in oil producing wells, rubber 

25 is known to. deteriorate. Orie attempt to overcome th~~ problems is taught in U.S. 

· ..• : 
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Patent 3,912,426by using multiple stators connected .i~:.~es with separate but connected 
.... • ·: . 

rotors for each stator. The stators, however, are · stiil<eornposed of rubber • 
. · .. 

Composite fibers have been taught for· a vati.~f:)' of products for their numerous 

characteristics of high strength, stiffness, light weig~t~··etc., but have not been utilized 

successfully for use in Moineau pump designs. 
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$UMMARY OF THE INVENTION 

It is an overall object of this invention to ·disclose ~w forms of stators, rotors and 

flex shafts for increasing -~ efficiency and longevity of proli"essive cavity pumps. To that 

end, the primary object. of this invention is to provide the ·.iiSe of composites or variations 

of composites alone or. iif combination .with elastomerf · i.n the makeup of the stator 

S and/or rotor and/or flex ,Shaft of progressive cavity pumf>¥. 
Another object is to provide the use of progresSi";~ cavity pumps manufactured 

according to this invention- which are capable of use in p!'Qducing fluids from well bores 
. .. . ..- .. 

such as taught in the afo~id co-pending application and''(J.S.Patent No. 5,417,281,and 

for other above ground aPJ>lications." 

. ---··--··---.. ·---":"·---... ~ ... ~--'"--:- ... . .••...••••••.•.•. - • ···-··· .••• •·· •. , ...... ~:"""'-;-- ••.••.•. - . .,.,.·-·;-..----·--------··--····--... ·.rv•.::r:r·"l!" .,, ••• ~.,,.-.......... ..:..~· ·-~~ ......... <"•<'~ 



W097/40273 PCT/US97/06788 

5 

BRIEF DESCRIPTION OFtim DRAWINGS 
. . . .. ,.··.:.,.,-. 

FIGURE 1 is a sectional view of a typical pi:9gressive cavity pump. 

FIGURE 2 is a sectional view taken along tµe:Jine 2-2 of Figure 1. 

FIGURE 3 is a sectional view of another fof:R.i of progressive cavity pump. 

FIGURE 4 is an elevational view Qf a compos~t~. ~ombination flex shaft and rotor 

5 formed as one component. 

FIGURE S is an elevational view of a composi~ rotor fonned separately from the 

flex shaft. 
..,_.: 

FIGURE 6 is a view describing o~ method ~fforming a flex shaft and/or rotor 

for a progressive cavity pump. 

10 FIGURE 7 is an elevational view of an alterna~ form of flex shaft with a built-in 

flex point. 

\ . 



W097/40273 PCT/US97/06788 

6 

DETAILED D~c;RJPfION OF TUE PREFERRED EMBODIMENT 

While the invention .·has been described with a c~in degree of particularity t it 

is manifest that many c~ges may be made in the 4~tails of construction and the 

arrangement of components without departing from the 8Pif:it and scope of this disclosure. 

It is understood that the invention is not limited to the eril,Qodiment set forth herein for 

S purposes of exemplification, but is to be limited only by ,ti.~~ scope of the attached claim 
· .. ' 

or claimst including the Juli range of equivalency to wmch each element thereof is 

entitled. 

Figure 1 is a simple; representative of a typical pro~ssive cavity or Moineau type 

pump. Such pumps inclajic= a. basic housing 10 through which the materials to be pumped 

10 are fed through conduit .~2•to the outlet of.the pump 14 .. ~$is well known in the art, the 

pump itself is made up of.~ .helicokt. stator, generally. d~i~ted by the numeral 20, and 

a matching helicoid rotor;.:generally designated by the nuriJ~:rat 30. The rotor is attached 

to a flex shaft, generally de$ignated by the numeral 40,·~hich is then connected to a . : . . . -~- .. 

rotary power source 50 <~gh appropriate and sea!¥.· shafting 52. It is to be 

15 understood, however, tlul.! ~C. invention is applicable to o*r forms of progressive cavity 
.:•;: 

pumps such as disclosed<in U.S. Patent No. 5,417,281 mid: co-pending application S.N. 

08/447,122, flied May 22, 199s. That is, the invention ~i;ein is directed for use in all 

forms of progressive cavitY pump applications, the inventi~~ being in the makeup of the 
... ' .. 

stator and/or the rotor :~and/or flex shaft utilizing co~p~site materials. Composite 

20 materials are typically derµied to include carbon fibers, ~~ll fibers, ceramic fibers, glass 

fibers, thermoplastic fibei'S~ natural fibers, metallic fiberst ~~rous reinforced fabrics, tapes 

and synthetic fibers, all of which are typically impregna~4. with thermal setting resins. 
. . . 

Typical of such thermal .settipg resins are the alkyd polyest,ers, general purpose epoxy, 
.... , ••• :. : < :·· 

general purpose phenoli~.and: urea-formaldehyde compdsl~ions. 

---·-----·----------------···--···-----~ ··--·--···--··--...... •. ·-·~ •.•. °l'• ~-- ::'-·"·'' .,;;..,,... ........ ...,.~: . ~··---·-·· ••••••• ~- - .......... ,....... ..... ·:···~·::.- .... ,,.... . . "'''';•· .... . ............... - '·:' .. ···. 
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THE STATOR 

The stator formulations of this invention are bes.t described herein with reference 

to the cross-section shown in Figures 2 and 3 which .ate used herein to describe the 

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

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

· within the cavity ·23. The various embodiments are cap~ble of being fonned by a variety 

· of methods, including molding and/or machining and. t11us. provide formulations that can 

be adapted to a variety of pump uses and enviro~~< Although the drawings indicate 
··: .. 

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

10 made up utilizing the stator area without the outer ho#.sing 10. 

EMBODIMENT A 

In this embodiment, areas 22 and 24 are of a .cqmposite material which acts as a 

supportive structure . for the helicoid interface 26 of ~:rubber elastomer. The rotor, 

generally designated by the numeral 30, is comprised ?f steel or composite materials as 

15 hereinafter described. 

EMBODIMENT B 

In this embodiment, meas 22 and 24 are made (lf,~. composite material, while the 

helicoid liner 26 is a thermoplastic resin. 

EMBODIMENT C 
;,. .. 

20 In this embodiment, composite material will male~ up the total stator, including 

areas 22, 24 and 26. 
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EMBODIMENT D 

In this embodiment, areas 22 and 24 are of hardene~[;materials, either machinable 

or moldable, such as steel or ceramics, with the bonded iJlner lining 26 being fonnulated 
. ;: 

of a composite material. 

S EMBODIMENT E 

The supportive structure is 22 and 24 comprised o~-· composite material wherein 

the resin is fonnulated to have some elastomeric propertie~-- with the inner rotor colitact 
:··.· .. _:·.;-:, 

surface 26 being of composite material having little or no- -~lastomeric properties. Such 

a stator of this embodiment will provide an improved seaJmg surface between the rotor 

10 and stator surfaces, thereby increasing mechanical effitj~y as well as reducing heat 
., .. 

during the pumping action. This construction allows for exl'Jlnsion and contraction of the 

stator parts together, since the thermal transfer coefficient §f the composite is higher and 

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

EMBODIMENT F 

1S Areas 22 and 24 would be comprised of a rubber ¢1~stomer with the inner rotor 

contact surface 26 being .a bonded composite materialF In this embodiment, the 
·:·:; ... 

.. , ..... 

elastomer becomes protected from any deteriorating or>a~rasive produced fluids and 

solids and destructive friction between the rotor and stat~t~ 

··•.· 

Referring now to Figure 3; a combination stator "'~ rotor is configured in a 

20 variety of manners. In one embodiment, the stator inner f~ee 26 would be of a composite 
-:-'.-.'_ 

bavjng elastomeric properties with the supporting ouref'. zones 22/24 being a non-
__ ._::, 

compressible composite for use with rotors of steel or/non-compressible composite . 

. ... ...... ·.·····-·-.· •.·· 
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Various combinations are possible wlien the rotor 30 is of two part construction of an 
. . 

inner core 98 and outer surface 100. For instance, if the inner core 98 is a non-

compressible composite and the outer surface 100 ehl$tomeric composite or rubber t the 

preferred stator comprising areas 22, 24 and 26 would be non-compressible. Vice-versa, 

s if the core 98 is an eJastomeric composite and the outer surface 100 is a non-clastomeric 

composite, the stator 20 elements 22, 24, and 26 \'\rould be a non-elastomeric, non­

compressible composite, or surface 26 an elastomeric :. composite, while area 24 and 26 

are non-compressible composites. 

ROTOR ANi> FLEX SHAFT 

10 In the preferred embodiment of this invention for use with any of the stator 

embodiments, the rotor is formed of an all composite material. An additional 

embodiment is to fonn the rotor, generally designated by the numeral 30, and the flex 

shaft, generally designated by the numeral 40, as a single unitary member such as shown 

in Figure 4 or as a separate. rotor as shown in Figure S which can be attached to a 

15 separately made flex shaft such as the type shown in Figure 6. The rotor and the flex 

shaft can be formed in a variety of ways such as utilizing a resin transfer mold (RTM) 

for making complex configurations. One method of fof1Ding a flex shaft and/or rotor is 

shown in Figwe 6. Metal or composite end fittings 40:,~ 62 are used which include an 

outer molded or machine threaded portion 64 and 66 1:1;spectively for connection to the 

20 rotor at one end and the rotary power source at the oth~r. The fittings include first inner 

shoulders 68 and 70 for retaining the composite fibers axially to provide tensile and shear 

strength. Adjacent the inner shoulders are polygonal, ~_5ually hexagonal, surfaces 72 and 

74 respectively. Inner cylindrical portions 76 and 1$ provide a surface to retain a 

mandrel 80. Mandrel 80 inay be any form of materiat; plastic or metal and is used to 
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assemble the parts · ah<i · : provide support for the process of fonning the composite 
'· '.:·· . . .. · .. · . 
. : .. ·. 

structure of the flex sfiaii. The mandrel 80 is to have flexibility in and of itself. After 
. : · .. .i'.. . . . . ; ~-- '·: ··.~: : .· • · ... : - . . 

<., 
.. -~ :. . . 

assembly of··parts::~,·~l;.ari<f 80, the process of winding .. ·resin impregnated composite .. ;:. · ...... ·... . .. _,. 

fibers occurs by rcii,ati.iig: tl}e assembly relative to the resin ~pregnated composite fibers . . . . ·~. ··i :- . .. ' . . . '.; . . . . ,:. ::·. :•. 

5 86 in one angul~ d~tlriri:)lnd fibers 88 in the opposite ~ifr~on, typically 45° as shown, 
. . . . .· .:. :' ~ :· . . .· ... :·, · .. 

or by rotating. the.fil)C~.~uDd the mandrel, until the height thereof matches the outer 
. ·:. ·,·-:.··=:::. ::_,:.'·.. . : ... 

diameter of :n~es ~ a~. ·62. Each layer adds anyw~~ 'from between .025 to .040 ..... ·.:· .. · ..... ·..... .. . .·: . 
. _,._:,·· 

inches (.64 to· L'O#lnlf~i:)ayer. The resin used makes .~P·. about 40% of the resulting 
::, .. ,··. 

composition,' atlC1 ;'b~~ >of' the wrapping of the layers Qf composite 86 anci 88 in the 
... , . 

10 manner shown, th~.·:~~ts;-~ oriented at an angle to the sheer plane of the flex shaft. 
. .. ···_'.· · .. ··. ... . 

Thus. such a coIJ!~(lrit" ·115 ~escribed, pemiits the orbital,()r eccentric movement of the 
_.::: .. : :: .- . 

flex shaft relati~ ·.i<>· ail'~l power source required to operil~ a progressive cavity pump. 
~ ,·· .:>. :·: . . . . . .. 

Ordinarily,::qie::•fi~x .. shaft 8nd rotor used in pro~s$iVe cavity pumps is made of 
. . ' ... ,, .. , .... ···=. .. . . .. ··.·.·. 

steel. Utilizing. •: 'corliP9site~ tlex shaft permits the use .·of materials which are anti-. . ··: '-: '·: . ··. ~ . .. . .· .. 
'" 

15 isotropic. To m~· apsieet flex shaft more flexible COD$~. of either reducing the wall .... · .. ·' .. -· . 
". ~: '.: .. · .. : . 

tbickne~ or making-the~d~ smaller. Both of these ~ods reduce the strength of 

a metallic flex. slulft, ·~lally to fatigue. Utilization of a type of composite fiber and 
-~ . . ·.·. . . . 

the alignment of ~~·:!fi~; permits a larger wall thi~s while providing maximum 
.... ·.:.. .-.· ·-:·.;·" -. 

strength and m&ximu~-\~~bility required in the eccenttjc.(orbital motion. Composite 
.· · ... · .:·.-~<..-. .;·. ,',,; ... -·· .. <·.·~:·. 

20 materials are inbe~y·':l,,etter in fatigue application th'*~; metals, nor will they rust, 
·:·.;:.-::·: · ..... , ... 

·::,-; .. 
. ·:-·. - ·;. -· 

corrode or react · ·with- .the. chemicals found in oil production environment; yet, the 
.... : :'· -'/. : . . .. :. ·: . . · .. ··. ··:>'' 

materials can be ~-;~·.environments. exceeding 600°F :dis°C). Overall, the strength, . . . . ; -~ :""··· -~ .... , 

fatigue and stiffn¢Ss o~ ~posite materials are found tc{~: equal to and in most cases 
:::.(· .. :.<·· '·:(··· 

exceeding the specifi~tl~~ 9f metals, including titanium.,~ '.~teel, aluminum, etc . 
.. · ,···~ ·.':;: ... :. ::~ .. ·.:: ~.<.-· ' ,. .. · . 

. . ·. ·. ·... -~ ': : ,'. 

. ; ~ . . ' .. 

. . • . · .... 

. -····-·-·-·····-·····-·----·--···-:-:·--·-.-........... _ . ···------- ··--·· --~·- .. ·- ·- ..... . 
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One example _of a .progressive cavity pum_p co~prised constituent material of: 

E-Type · Flberglass of O~ens Co~ng. 

DPL Epoxy Resin from Shell Cheinical Co. 

Lindrlde ·6K hardener from Lindeau Coµtpany . 

5 Uncurred sheet ~l>ber .075"thick was loaded· witll Teflon• and lubricant supplied 

by Kirkhill Rubber C().. The stator was fanned by Iayip.g up strips of the robber on a 

helicoidal mandrel. . The composite of fi~rglass and· resin plus hardener in a ratio of 

100/88 resin/hardener .we~ then filament wound ovc:r the rubber. The assembly was 

then cured in an oven)l~: ~ ~mperature of approximateJy 300°F (1S0°C). The composite 

10 becomes essentially_ non-compressible. · The helicoid· rotor was steel. Initial tests 

lS 

indicated a longer ~ -l!fe ~o failure than an ordinary elastomeric rubber stator. 

A flex shaft was .¢onstructed as per Figure 6: 

E-TypC. Fiberglass,. 

DPL Epoxy· Resin 

Undride .6:J{ Hardener,. and 

Machined Metal End Fittings 

A thin, flexible t1.11'e '° of polyolefin, sold by ~ips Petroleum under the name 
. . . . 

DRISCOLL, acts as a ~I that is bonded to and h()lc;ls the end fittings 60 and 62 in 
. ·.· ·. ., .-.<;-

space. Next, the fibergJass a¢ epoxy is filament wou~ :as shown ± 45° {88 and 86) over 
. .·.-, 

20 the assembly until it is bQilt ;µp to the desired outer ~ter. 

Another embod~nt of flex shaft is shown in Iiigure 7 being so constructed to 

create a flex point 94 {Om:J~ as a concave indentation less than diameter D. The 
·. ·.'.'· . 

. ··. ;,:· 

location of the flex pojht:l~i'~ vary with the characteristics of the pump including size of 
· .... 
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the pump, m,atedal to be pumped, etc. The flex point can be formed by changing, via 

,; .. 

computer contr<)l1¥ means, the angular direction of the cqmposite fibers and/or resin 

materials at : the: point or area where flex is desire. For instance. during a filament 

winding at +45° and -45° up to section 96 (Fig. 7), ~~. angular direction would be 

5 changc;d to angl~~ . Jess than 45° to create a flex secti~n. without decreasing overall 

diameter D. 

The temis "elastomeric" or "resilient" as used with:. reference to composites is 

accomplished'. by• variations in the composite fibers ~~r the resin formulations to 

achieve the ~ired' characteristic. For example, HELOXY: flexablizer by Shell Chemical 

10 Co. is added '.to the DPL-862 Epoxy Resin in an amount W;ithin the range of 20-40% by 

weight. ThiS ls then mixed with a hardener and TEFLONCI powder in an amount to 

maintain a wor~le. (flowable) mixture which is the11 applied to the fiber in the 

formation ofa statQr and/or rotor. The resulting composite is oven cured at 300-400°F 

(150-200°C) for. approximately four hours. 

-·-· -·· ..... - '. ·. ·:-·-···' •.• ._..,.._ ..••.. ··-~-~ ·'· ·----·---:---"'.'"-.-":""""""""--·~·-' ... ···•· ·- w..... • . .• _ . ...,,--;.-···..-.-..·.-··;...•, ... ,....... . . , ....... .,~ . . . ... . ... •···· .. -·~·-····"· .... . ......... ..•.. .. .- ··. ·- . ·. -< •• :. ·-- -
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CLAIMS 

1 1. A progressive cavity pump comprising: 

2 a stator having an internal helical groove; 

PCTIUS!>7/06788 
~--- --·--·----------·· - ---- ----- - ----- ·------ ---· 

· l111111Ulllll llllllllll llllll . 
* C L M s * 

3 a helical rotor operational within said , Stator; at least one or both said 

4 stator and said rotor comprised of a composite: material; and 

5 means to rotate said rotor. 

1 2. The progressive cavity pump of claim 1 wherein .~id stator includes an elastomerlc 

2 inner surface in contact with said rotor. 

1 3. The progressive cavity pump of claim 1 wher.ein. said 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 composite 

2 flex shaft connected to said means to rot.ate said rotor .. , 

1 S. The progressive cavity pump of claim 4 where~:said flex shaft comprises fll'St 

2 metal end fitting and a second metal end fitting betwee~ 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 rot.ate. 

1 6. The progressive cavity pump of claim S wherein ~h said first and second metal 

2 end fitting· comprises, axially, an inner surface portion to receive said composite and an 

3 outer portion having means to connect with said rotor. and a flange, . of diameter 
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4 substantially equal to a desired diameter of said flex ~~ :therebetween said inner and 

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

6 polysided shank and said flange. 

1 7. . The progressive cavity pump of claim 6 wherein saj4J?Omposite material is fonned 

2 by a filament winding process in alternate layers at +45°:#14 -45° to the axis of said flex 

3 shaft. 

1 8. The progressive cavity pUm.p of claim 4 wherein. ·said flex shaft· comprises first 

2 composite eDd fitting and a second composite end fitthig .~een which and connected 

3 thereto is a composite material, said first end having mean$ to attach to said rotor, said : . . 

4 second end having means to attach to said means to .rota~. 

1 9. The progressive cavity pump of claim S wherein, each said first and second 

2 composite e~ fitting comprises, axially, an imler ~ portion to receive said 

3 composite and an outer portion having means to connect ;·~ith said rotor, and a_ flange, 

4 of diameter substantially equal to a desired diameter of $\i~:·flex shaft therebetween said 

S inner and outer portions, said inner portion having a redµ~ diameter neck between a 
·:_:··:. 

6 larger polysided shank and said flange. 

1 10. The progressive cavity pump of claim 6 ·ein saiJ <;Omposite material is formed 
. •;( 

2 by a filament winding process in alternate Jayel at +4S.0 ·ano -45° to the axis of said flex 
... 

3 shaft. 

-····-~···-········"" ·:-··- -:-·· ·------..,·--· ··-····--:-····· ··-~·-·---------~----· - -----··- ................... ·--------~·-.•:·· ~··:~·:··•·.~---··· 
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1. 11. A pr~~ssive cavity pump comprising: 

2 · _:a · sta'or, said stator formed of a unitjlry support section and a 
'":'. 

3 bop.d.ed. in~ptal helical surface section, said Slipport section comprised of 
:" . .- '.·. 

4 a compo~ite · material and said helical surface: section comprised of a 

s bonded material; 

6 · . .a :h~li~ rotor operational within said . ~tor; and 

7 -~ ·to rotate said rotor. 

1 12. The pUJrip .. of claim 11 wherein said compo$.~~ .· material is substantially non-
·: .=. 

2 resilient, ~ :sa~d.bonded material is a resilient elasto~er. 

1 13. The ~p_·of claim 11 wherein said bonde4 m~tcmal is a resilient composite. 

1 14. The p~ of :claim 11 wherein said composi~· material is resilient and said 
. . ~ . . 

2 bonded mater,lat is. a rigid composite. 

1 15. The pwnp of claim 11 wherein said rotor is a rigid composite . 
. : .... . . 

1 16. The pulµ.p. of: claim 11 wh~rein said rotor comp:ri~ an internal rigid composite 

2 material bond~ -~--an outer resilient material. 

1 17. The pwnp '. of. claim 16 wherein said resilient matetjal is an elastomer. 
:•, •' .· ·. ······ ·-: . 

. ·::_· .... 
:·-

;··.': 

1 18. The ~p of claim · 16 wherein said resilient material is a composite. 

-··-·-···---·-··~-
~ ' , .. 

THIS SHEET HAS BEEN 
REPLACED 
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1 19. The: pump of claim 11 wherein said means to rotate said rotor includes a 

2 composite -~aterial flex shaft. 

1 20. The• pump of claim 19 wherein said flex shaft comprises a body formed of spaced 

2 metal end fittings for connection to said means to rotate and to said rotor, a flexible and 

3 axial m~l connected to each said fitting, and 

4 comlX>Site 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. ~ pump of claim 22 wherein said portions of said filament windings and resin 

2 are wound_ ~t angles of 45° to said axis while another portion is wound at -< 45° to create 

3 said flex section. 

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

2 indentation. 

l 25. The pump "of claim 24 wherein said indentation is curved. 

1 26. The pump of claim 2S wherein said curve is concave in axial cross-section. 
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l 27. The pump of claim 19 wherein. said flex sb~lt q<,>~p#Ses a body formed of spa~ed 

2 composite end fittings for connection to said means to:rouite and to said rotor, a flexible 

3 and axial mandrel connected to each said fitting, ~d 

4 composite filament and resin windings arQun4./$li<J maiidrel to create said body. 

1 28. The pump of claini 27 wherein said filament .~n.dings and resin are wound at 

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

1 29. The pump of claim 27 wherein a flex section i~·¢reated in said flex shaft. 

1 30. The pump of claim 29 wherein said portions of .. sajd filament windings and resin 

2 are wound at angles of 45° to said axis while another PQJ;tion is wound at -< 45° to create · 

3 said flex section. 

1 31. The pump of claim 29 wherein said flex ~tion is fonned of an inward 

2 indentation. 

1 32. The pump of claim 31 w~in said indentation is eurved. 

1 33. The pump of claim 32 wherein said curve is co~!l::VC in axial cross-section. 
· .. 
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