WO 2007/ 124259PCT/ US2007/ 066178 TI TLE Al R DRI VEN PUW W TH
PERFORMANCE CONTROL BACKGROUND OF THE | NVENTI ON The field, of

t he preseRriohddyeikbsoon I's -punps and actuators for punpgcﬂmggﬁwﬁgﬁ@alr
driven. Punps having doubl e di gphragns driven by conpressed air
directed through an actuator valve are well Known. Reference is nade
to U S. Patent Nos. 5,957,670; 5,213,485; 5,189, 296; and 4, 247264,
and to U.S. Patent Nos. Des. 294, 94771294, 946; and 275, 858. These air
driven di aphragm punps enploy ID actuators using feedback control
systems whi ch provi dei BeivERGCA WIHEeMPLRYSedEaianTrey. driving the
punps.. Reference is made to U S. Patent Application Pub. No.

2005/ 0249612 and to Patent No. 4, 5494467, Another nmechanismto drive
an actuator by sol enoid isg,ﬂdi%w&e@;rmtm\&\xm ent No. RE 38, 289.

The disclosures of f ents.and patent application
15publ i cation ar Ce%f.'l ﬁ%%?ptgr gt ad' ﬁ?erf@c‘h’sbo“mf}%f“ o e &m‘“"(‘i Her punps

may be drisved® it same actuators but use, ot her arrangenent s of
operatively oppos»e@lnalwa&cm@;é REhoSBARD &FiSont Oy dEhH@»@J reg%wf@@atl ng
punpi ng nmechani s Pi.st.on lin are al so
known for t hé%ﬁgg]\/i SR ‘ﬁa‘\"éﬁér\'ﬁgi ’(ﬁ ”y%&rﬁ%’%ﬁ rRd ‘%ﬁanb@rk\”°

Ref erence i sSRAUETR261703 EBH.5 PaLENtaniNg,24B28H Bnciksis ST ﬁ’eleda Sad Osure of

this patent bg @d;50qd @@rali!@rﬁﬁ@éb h%é‘sb“avb&w&{%fcﬁ‘—fpﬁfﬂ&% «@”‘3“9
t he di scl osed deV| ces in the aforenenti oned ents dﬁ)re ted to air

driven di SphPEEFBunpEs | &e ?W@kpﬁ%’g‘@‘ncﬂmﬁfwawg‘a%t a%Ye? FRSEEICARShavi ng
ai r chanber scofaedsng soutonwaridhy stcop@anpe Rateesnvd tidh vpusps di.aphsagns. 25

Qut wardly of 911 R PR IR PREASIB & SR TPs FIATPRE, NOMSERIS b et

mani f ol ds
hanis o drive an acfualor by solenoid is distlosed in U.S. Palent No. RE

RC
38,239. The disclosures of the foregeoing patents and patent application

Other pumps may be drwen by the same actuators bul use olher
aangéments of coperatively opposed air actuating chambers o drive

[s}

sciprocating pumping mechanism.  Pistons with ring s2als in & cvlinder are also
knowst for the provision of operatively opposed air chambers. Reference is made
25 to U8 Patent No. 3,071,118, The disclosure of this patent is also incorporated
herein by reference
Comnion among the disclosed devices in the aforementioned patents
directed to air driven diaphragm pumps s the presence of an actuator housing
having alr chambers facing cubtwardly to cooperate with pump diaphragms. -

[V
L

Quiwardly of the pump diaphragms are pump chamber housings, inlet manifolds
and outlet manifolds. Passageways iransition from the pump chamber housings
o the manifolds. Ball check vaives are positioned in both the inlel p 'wstewayc.
and the cutlel passageways. The actuator between the air chambers includes a

shalt running thersthrough which is coupled with the diaphragms located batwaen
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and outl et manifolds. Passageways transition fromthe punp chanber
housings -to the manifold' s. Ball check val ves are positioned in both

the inlet ywagsgrgemways and the outlet passageways. The g@ N8 066
bet ween the air chanbers includes a shaft running there rougﬁ%\/\}n ch

is coupled with the diaphragns | ocat éd between SUBSTI TUTE SHEET
(RULE 26) the @i éh6habalSpa \,%EHHQSC@@@%@E&uetﬁ?’:ﬂé&né@&* &Ly Of

mat erials of greatly var 05|t nature  aré abl e
to be punped %SP%HS%%'H*‘%QE%&L“ ature are XDI dbﬁzﬂ‘%‘ ‘fséﬁﬁ sHP SY@fIYen punps
comonl y i ncl ude Aaipaigisr favadw&»mmhpx@mmmﬂ)s ifdudw droaialviies ol
pressure and gxbaudly &0.2ndd EQE%?@% Q,I?L?{gl Qo Bnk R ENRIPST 8o i

resulting in reC| ro_gatl on of e air valve is control | ed
by a pilot® s§&ERICEALIH *I‘é?fﬁ‘??a*f%r"ﬁthﬁﬁd’f‘ﬁey%ﬁ g e etreise bpanp

di aphr agns opigpssteonsantifiledss e ielebaain 600 pahy BBSHRMSINpls®nr ovi ded
o o venr i oaffne Akl (kA AN 1© pRLES P LORRN Dl Ll Pt on

of pressuri zed air arr’cha

10Act uat or s HEFTHR e ?e@w’&*f?’%’é% F’**ﬁ*@mdi?# OHP@%SNT‘?@GWWOQ wétue%twafsf

enpl oyed to sphasdceatdrahbadvant age when shop air or other convenient
sour ces of pr essgngd al.r._are. aval ‘fé’ﬁ%*c“a%‘f P essurized gases are

al so used to driVEUfy fgscée”gn%%é?foéamﬁ?g L GENEFTECaPl y used
to refer to aybpsainsdlahtageshegasesir cDoihw wqumwdswtcwm trhsspries Sur i zed

air is oftensdesixabbe PRGAURESSHGL-SUSHENR, A¥al:d 4SRTRQDEMS Wi ch

can create sgar kgm ]’ he act uators can al SO _provi de a continuous
.soUrce of plippFe¥Edf 8T Y iised ‘orgiend & Jiedl 160 s87as: tlgviasst al |
point with thsedmses!s%meqemuadi ia é¢l cyn tidzkatie SbSlian 6achagaiensStavbiae punp.

As resistanc e*n?;g‘% Astyfdae u’Q‘P ma{e s;{aﬁg uc eﬁie L08Ry §£r¥3 'Q&W nélé*'ir%g ain

begin to oper ate, creatin syst ém of operati ons
I'n using sucReREBNaFEFEE Pl Li{}fif?i RF&SSUIR oM SMHWp%e”é‘g’a‘“é‘a?q ¥ paeyP Agtllemands
can be exper bgncsich ¥ 5:@@%1 mm,zaar@ Pl mpsistaftet 4=inat meSpighd. omshead or

di scharge hegd..a d.f X \ Typically the
source of pr%gg’u‘rql zg%§ S“% |a‘m eﬁ ?“C%%It{}?%%m{m t°g‘““&%ﬁ%%d‘yugn 1y,  punp
operation fi ﬁ’éé‘mmwmcfPWHPTS{RNC@@&M such things as suction and

pressure head anda éwlédm»t g@vw@sd es;t,@afcﬁwgéa é&la@ywatrm dERehau,
capablllty of zerg flow rate with

the punp stiPf*® “[.’i‘r egngB] z’éﬁ"s’ﬁa% t‘EieBW p(‘?ﬁﬁ?ai*ed%i SHICAFEEYRT FE¥RECt i ons
i n the out putexfatNesipdripw Ja gt pbratdre Tagitaligtiar scexchatisbssugdeat i ve to

the inl et hasal apubeeRolised forRRrAANEM, lérg@soéffﬁ Cheftn S8k ngs,
It remains: that. control “of either the out punp he
exhaust of t H"éﬁeu by such things as suction and pressurs head and fluig rtow ress«tarcc
- 25 Below the maximum capability of the pump, flow rate, including o zero flow rate
with ihe pump still pressurized, has been controlied through restrictions in the
output of the pump. Tuning of the actuator exhaust relative to the injet has also
been used for penmanent pump efficiency settings.
it remaing that controf of either the otiput of the pump or the sxhaust of the
36 actlater can alier the performance of the pump to achieve desired flow rates
below e maximum but such control does not address both efficient operation
and variation in demands placed on the pump.
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30 actuator can alter the perfornmance of the punp to achi eve desired
flow rates bel ow the maxi mum but such control does not address both
ef fici ent wapgoaids®d and variation in demands pl aced onpéﬁgszomqs
SUBSTI TUTE SHEET (RULE 26) SUMVARY GQF THE | NVENTI ON

present invention is directed to air driven punps using an act uat or
havi ng a recgpmmaat;«ig;gyg@ ;&g\;ggirm wi th opposed air chanmbers. The
actuator include el in pe i.,r, val ve having an intake passage
and an adj uster BheEet ‘“HB”?‘" § %%?ef’ﬁ?@tﬁgqﬁmfnh%“m% K€ Fatd&8H8. The
adj ust er i nchaihes reciedoiing € \wlvemih bepakedcr caaip%uss ableyscexbendsiesnt 0 t he
i nt ake passa&esrta‘fletkh@te%‘xrr\fa‘(f@lh‘é@r*g m£¥%§& not g@a??& Sk nRfhySt er

al l ows a hal 3nﬁc ng ) | ow W t h vary ﬂ I Ci ency

Thr ough r ést FIEYEH? hFPféa I‘P&Fﬁ’é’%f{ %??“Sé?ﬁ*ﬂc éem%ﬁ%?‘ﬁ‘ﬁf‘sfﬁ“?fék‘@'%an be
reduced undesdilsiagiytexands mudide dtukepuoabe @ hoatlsaive hEskasstastht he
demand on 10;the Y ressure nust be
r ol eased. Fu‘rnu] a@&‘s@@gtﬁm s—sb@%péﬁ Lf%a F@&?\gx%aﬁﬁn%%u%g G- up of
pressure when ful}"‘l"”*}?ﬂhe%uﬁ@ncaﬁn@ta’@eﬁ gerndhpmepeing i e Iogh geeat er

“flow, typi cabloedduger tightpropedenat ;ﬁal”ripﬁb idabOWrHO REErB I SomaBl oMhen

full flowgis,not, nee - cient uction i eqlrerrent3|s
achi evedwgy rhed&ucpjﬁ‘gg?% S 5??V| P nﬁh{’gpﬁfees?gﬁrrgumbghfﬁﬁaﬁﬁi §Tey
chanbers rat heroitshran o¢ hetrgh wiyalcks pridssuressupobedubmetsdue qauznqz)ed

material or poweri %p‘%"r"oraiiy \,raatar *zﬂv %yﬂt*a‘fs:?teuéeié’agfa%@d asheqt 70f the
present invention, the ad ocated I n the actuator housing to

provi de predf¥FEHIS Pethd Ffﬁngcé“’ S ehsEsRERt s %’?P‘*Trheed&lcﬁCWé?l g&eand
associ at ed puapEn@t s acsiecdnty sepafate avpgctr phsduhe wahiesentir
inventions a;ngRLLRE iaér z%%nggcgéﬁ L LJ&&@&E«ES&&QVM tée 83\% gﬂ%%h AL 1 ow
airflowrates, inta uster positrion |onalyrm
sensitive. TPESSARAT near control can also be confl gur ed to make

changes in i’:u I CRNSWTREIDM: byoetsm rwésahzw\»eﬁvt&s&a@&m@érl,y oﬁbtéﬂst ly
proportiona iy - Gl e
3‘9&% Gl J?lgt §Q%Eitl# 3‘0\?10 Q giC Gilqumgﬂ rﬁdék\‘@'l%ﬂ%] f,h tp%lgi haS a

separate aspect 0 T AV

hel i cal shou?‘%ra‘“‘aﬁﬁb%i‘“éﬁ é‘éﬂ]i?e el enent ext endi ng adjustably into the
intake pagsage. #n @e@@@em&a ab’%*fdfm%rés%t%bﬁ&%ﬂt%Qw'uTnh@a! &haken passage
and extends Lo 2Per : ativel

i § { g 1y
confi gurati ofiFner tdes ¢ ﬁ%dhe% ) g’a‘r"tﬂg“f‘lé‘u‘f“dérg @?”h@f“ 8%%‘86%?%@ with a
rot at abl e adpustiérsiyl ewerensithvat Tasoalinearapning <80 ajsb thetvoatgung Wt s

llength. The sheuldare.omy be debingd, by awrchansgl d8sdhenpdiuster.

proportional to the seitings of the acluator.

Red
L=

In a third separate aspect of the present invention, the intake adjuster has &
nelical shoulder and a closure element extending adjustably into the intake
passage. An engagement is fixed relative (o the intake passage and extends o
operalively engage the helical shouldsr. One configuration includes the helical
shouider being associated with a rotatable adgjuster element that has & varving
3¢ pitch aiong Its length. The shoulder may be defined by & shannel in the adjuster,

v & fourth separate aspect of the present invention, the inlake adiuster
includes a helical channel and a closure element extending adjustably info the
intake passage. An engagement fixed relative 1o the intake passage and extends
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In a fourth separate aspect of the present invention, the intake
adjuster includes a helical channel and a cl osure el enent extending
adj ust abl woni@1tfae | nt ake passage. An engagenent fi xegcetgkabiNg1780

t he intake passage and extends SUBSTI, 1 JI E SHEET (RULE 26) to
operatively engage the helical channel . In one conflguratlon t he

i nlt akg ad] lustmampmyei?eeﬁaﬁfeat“@bi‘ey;cmair%d iR &b%n@@uﬂgﬂrkh@%@eng a;"d
cylindrica SL clion n opve. Ima ganta eously
pl aced betwea@}l f&ﬁ§§ h{)%%%% aggltpg@ht% e%ﬁﬁgg ué\f?%ﬁ%( ‘?Cﬁ‘c ‘”1‘?”?
separate as péetionf Atraling roemunmay W@dfﬁlrtﬁg“otlsm@wecﬁ befvesn ﬂnasfarnaiam mum
air flow set @h@gk.wiag;pgga@wl des subst antially 07% of the maxi num
possi bl e punp capac {t 3 xth separate aspect of the
present invention’ % PR SFB?t h%@"eé?ﬁé‘ﬁ’?%‘oﬁaﬁhebgéﬁ“ﬂ?ﬁﬁ?%éd to
greater advamaaigen“ afOA@ametﬁnmgh;ph ;»rw;des sabstalipliyc 7% fof tie npkiegant
invention to pi@w G&aBpdproved air driven punp. Qther and further
obj ects and advant a% A WI Il appear hereinafter. BRI EF DESCRI PTI ON OF
THE DRAW NGS i &shdn Sﬁ‘lﬁﬁ&t?r%”?‘f*?étf\?e?*?ﬁ@ﬁfaﬁ\'ﬁﬁ?@s§%é&¥7f~‘of?fe@man air
driven doubl esgiaphey agromuin.io drebli gustagd. i s a top vi ew of an
actuator. g1 gure n A o yator.. re 4.is
a verti cal )Fcr ossggggﬁl%&hgﬁg%&&% %ﬁn g;rg;'gnt b ng ﬁ éméﬂﬁ’g‘g
perspective @ eWVeT Pafci ntdkes &y fuiber objects and avva’ltagr-s witl appear

hevsinafiar

BRIEF DESCRIFTION OF THE DRAWINGS
Figlre 1 is a vertical cross seetion of an air diiven double diaphragnt pump.

pons
(%]
f.ﬁ'

Figure 2 is a fop view of an actuator,
Figuta 3 is 8 perapective view of the actuator.
Figure 4 is a veriical cross sectional view of the actuator,

Figure 5 is a perspective view of an intake adjuster.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

20 Turning in detall o the Figures, an air driven double diaphragm pumg is
flustrated In Figure 1. The principles applicable to the pump construction and
opsration oontemplated in this preferred embodiment are fully desaribed in U.S.
Patent Ne. §,887,870, the disclosure of which is incorporated herain by reference.

The pump structure includes two pump chamber housings, 20, 22. These

|57
wn

pump chamber housings 20, 22 each include a concave innher side forming
pumping cavities through which the pumped material passes. One-way ball
valveg 24, 26 are at the lower end of the pump chamber housings 20, 22,
respectively. An inlet manifold 28 distributes material to be pumped to both of the
one-way ball valves 24, 28. One-way ball valves 30, 32 are positioned above the
3 pump chamber housings 20, 22, respectively, and configured to provide one-way
flow in the same direction as the valves 24, 26. An outlel manifold 34 is
asseciated with the one-way ball vaives 30, 32,
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DETAI LED DESCRI PTI ON OF TFI E PREFERRED EMBODI MENT 20Turning in detail
to the Figures, an air driven double diaphragmpunp is illustrated in
Figure 1. Wéeomnbsasd pl es applicable to the punp constrge&m?ﬁomﬂs
operation contenplated in this preferyed enbodi Ment are f

described in US. Patent No. 6,957,670, the disclosure of whi ch is

i ncor por at ed her eigary of 18§ @I@&@moﬂ}h@umosﬁ HEhMEQbIRE] ddesyt WO

punp chanber 5 | ~ 93 20 22
each include’ gggioﬁ’cav%“w% a2l ag‘éﬁﬁ ?%ﬁﬁgggﬁﬁ%?ﬁgﬂ@é\/%iﬁ THr ough
whi ch the punpadesatrahpaberpd8sel to etter waly dhadnl achalor epugddy 426 4ar e at

the | ower engRbuthesBummcrehssbes, m&&&&sfm%gs w&%psét@%%@&a 5%% AN
inlet manifold 28 dlstrlbtes mat eri al nped to both of the

one-way bal | ‘VEISEE 2. 3"“2?6' OPERES\RAT M 4RAT- I”Qb\‘?éﬁ ?f@?" PRBREIREMB 34 t i oned
above the 30« %wnpnwkiambemvlamm&im@m@(tgen@aw thegspechaviedr ipusiigd 20,
conf i gur ed t%parwsdsr GR&YEYs) +00¥>éeg&ﬁ&41ﬁ iR dh ERE tﬁ“r@as \,Hle

val ves 24, 26. An outlet mani I'S ‘assocl at ed “w -way
bal | val ves 3pH3ggms %@WQWQSHEE’TI’FRBE’E’”?Q)WW?‘P the Wﬁvﬁ@?@ﬁ“ﬁ of the
purrpdc]parrber PROSIRYS ¢ *n%melZ ZrantoeCiRdibifgs Bt bithe Qﬂﬂ@ﬁ@é & ¥8, dze?] ignated
36 efings an ac{uy t nFi : ._g
actuator | acl udes " aﬂju?g gln;—g,g;ezg ?Q%% 8 %i aﬁzh{‘\‘i’in&é‘é"fo“'g ¥ 2¢tuat or
housi ng 42. AVEepRessHnes § pereidricaiil toheahisisest B88s o4l gr veindes Bor ces

in opposite (ibf:ﬁh@td&ﬂ& %n&»ﬁ Q&Qu@ﬂsi@f 10 6n=RPRT @tdoVied¥a Qm@s{%i first
chanbers. There are rran

ed in
convent i onal SHERTET “Bet &@e’ﬁ aﬁ‘@‘ % ggaﬁnﬁ%f‘”%% 0 ?ﬁ'jg JA22b &nd the
ai r chanber s 788kl far espiegtihovel y’ramidetsusa ré@t eck irom Fingthin, e:ioﬂzg thEhe punp
di aphr agnss 44 s, age ek %h%??d RQMLs k@ﬁg rﬂqu?v{d,zQéq% ysgb&t %@%ﬂa&hn d the

cor r espondi ng peripheri es $ er housi'n
ai r chanber s 88974 hhese GosRajigs) s B¢ lpludp ?W?IFSQM?‘Q‘SCQPL‘?%**EH%W%S °f he
act uat or housiatigeidis @I@Wté}bﬁ&ga@a ha rast TesHERBaYabSs Bipeh kispeaneent ri c

with the coingi dag%z\gétg 19?"”%;&3{%&%95%“%&, 40 and extends to

each -air chanbe osrttone n the first gui deway
48. The gui deway 4® B?%ﬁ%l%é@ 'ifti’rf&nﬁ@lf §oufstyp 43 el 3o auRigwasEHvilEc hani sm

for dseal | Ztg t«%?ﬁ:i“&i -ﬁmfcﬁmg%&ﬁﬁf T%g pé&sow@d"e“hferg‘él&b\aﬂpbémém baia eR@inghe | ﬁ
gui deway e, Shaft i el udes ton gsse on eac
end t her eof . ‘1‘%@%3 WL SRR e§ 56 5%? %}? &r & ﬂf?smffi cﬁ grpture
t he centers cbudeminkobviidsest pithep ot apter saighﬁ‘im sha$ 62 Fieendyteahou@0
causes the pumedbaphmws&éiw 4821100 LORRS @ieeacwﬁm&%i« 49 d BElpr ocat e
V\nthlnthepu SO oc%égg %:wntheaé:ﬁ §§1 qg42|sa
second gui deWéy f@o%\ﬁ%ﬁ’ﬁ"ﬁ‘: 33597t 5% ?ftreﬁﬁ"‘ssh AR
posi ti oneth ‘Elae~gm:ﬂemarye pattedfitaed obije Bitdaesiongithsexttsanithe dssdniyles hr ough
the center segtiOn. {0t nay: ; £851

SBLEONL0 o bR Al s 0a0bEES, & 8""4% ddhgf B RLAIAUK,

cavities at either en e ptlot s ext en I ng through
the second g@idé&WEy 60 al so extends beyond the act uat or housing 42 to
lnlt er acL }Mth thea*b“&d;*ﬁ&afsﬂ?o‘fxaCtﬁaOﬁref’éh@j mbﬁmeﬁsgenﬁbnae@ar%l c5]§ Ehe
pilot shifti L 62, 0. t vel, of the
i nterfaces OPC’% 3%{{}1 %’Sé%f %@ég Q%F étag%g\p:g*ﬁ“m?h u§’ha 5 ¥he

shaft 50 P*ecvﬁprldw@eb% h‘?ﬁ‘@‘“ipw%@V@Wﬁﬁiﬂwwow?‘leffﬁ‘zw stetﬁﬂi"even back and

forth. The housing 42 of the actuator 38 additionally includes air chamber
passages 84, 88 extending from the opposed air chambers 38, 40. These sir
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The actuator 36 in the preferred enbodi nent is nmechanically and

operatively illustrated in principle in U S Patent Application
Publ i cat i o N@7/153950200510249612, the discl osure of whi gbr/ii§2007/066178
i ncorporated herein by reference. : The housing 42 of the

actuator 36 additionally includes air chanber passages 64, 66

extending fr 8 i LohramBSTI TUTE
SHEET ( RULE @*33%@‘”?%9‘%85??25% Fmg%gnu%%g%“‘éaa%g% Chanb gé’rb e §’§§sages
64, 66 pr owﬁ‘é € BTipP R pepseess A PORIEHEN D ARD 8PEBhr agns  44. 46 and
al so provide pas8ageisthd attusihausity 41s thiedby s cb@mbty glinder housinfart - of

the actuator Qg;#s b%«a 2 n'd§a g»?fal %ega‘gé{heé téﬁRﬁ(w?ib!;ﬁhg}(—\'a!nrkﬁQy Pﬂf{%s' .

portion, gene [ cate , hed
body of tFe @%baéf ﬁ@mwaaaéir VTR arie air Falvadiecigies a PHiBdH| P Whishve 68

i ncl udes a ngdaﬂ.d@ﬁs*ei(&&z?ﬂhb@h cmmmucma@m H8a aﬁzw@wp»emg@@f{s 38,
40 through the spool 72

sa 64, 66. An_un nce
provi des a varve ebgif}rrebe °‘?/ﬁ°?ﬁzs oxg(ﬁ,gavav? hﬁ@?ﬂt%hm 9’8 o mg‘An’gl nt ake is
provi ded in the Roinskad Mdvided rdﬁﬂﬁéet@smréég:squczsardssamnd ehirowgh aan

:\Igt agegggsgf;l%%«iéaés 074;:*1@&%6 HnBé’refO Z\QSUIA%@Q: AO ﬁ%tp Eﬁ%’lérlﬁgto' mé#e% Pat ent
2005/ 02498123°% ﬂé’?hta b 53@3@%’ ‘;&3@8;?0?% Aol &e;ﬂ'lf?*iﬂ%ﬁ&@?\h ded
into three imdyvicddak ppdissdiyewais iheadndigiubl pamsapstvhyscaativt pooda76 to
the oyl nder yfQuefy el e cgwoabw%zﬁnr&é%ggqsfs%g%q@ hetbady Lo the

i ntake passa e 74 downstream of the he | nt
passage may FnpJdeepesasdte it 68198 Fatie &ﬁ%ﬁ‘ #PY 6 T ngake eaded
port 76 and passh rBtittdlie bn Brsksied gow ZatRutwebily of the threadedord 1dlddgt r at ed

in Flguregz ~and. 4, rlcal i ntake adjuster BOis positioned
in the cyli nci’pl ctgf‘g %“55%7?431%3 cylindrical intake adjuster 80, best

illustrated in FRgdhkersged nntpyees. 4 advere plindrieal gpaig adivssn ﬁﬂnfﬁegr al
hex head 54 g§s:QR& BNfle cliReri@y bbBdrs Cale BARY Al inbhe adiiake adiust er
80 includes ai Q{e leld%g lFssure%n;vc(l ides a cover plate 82 with an integral hex head 84 at
one end. The cylindyical body of the intake adjuster 80 includes a helical channel
26 86, The channel 86 has two ends with one end lower than the other by virtue of
the helical rfangemen‘t The botiom of the cylindrical intake adjuster 80 provides
a closwre element 88 which extends adjustably into the intake passags 74. A
sealing groove 80 is arranged betwesn the helical channel 86 and the closure

elemeni 88, The sealing groove 80 accommodates an O-ring o seal off the intake

V4]

25 passage 74 from venting through the cylindrical bore 78, The O-ring aiso acts to
kKeep the adiuster B0 angularly fixed in place in the housing 42.

The aclyaior 36 further includes an engagement 82. in the preferred
embodiment, the engagement 92 is a ihreaded pin which extends thwrough the
housing 42 into the oylindrical bore 78, The engagement 92 is axially fixed

30 relative 0 the intake adjuster and extends o the channel 88 for engagement
therawith.

The helicsi channel 88 defines two parallet helical shoulders, one defining
the locstion of the adjuster 80 in cooperation with the engagement 92 against
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20 86, The channel 86 has two ends with one end | ower than the ot her
by virtue of the helical arrangenent The bottom of the cylindrical

i ntake adjwigbRkBQsrovi des a closure el ement 88 whi chpext€Re50ss17s
adj ustably into the intake passage 74. A sealing groove é@?ﬂ
arranged between the helical channel 86 and the closure el enent 86.

The. seali ngs@éi@@V@fs@&‘ %%W@%&éa!%reo‘?é ) ‘ﬁeom\%@s@Le Qf fie ‘nk’b‘ﬁe' nt ake
passage 74 from ven -ring

h, t he ore
al so acts to”Ke&fy t Qgedf?i?s’ %%& a??@lﬂx'ép’lc?t'f"i‘ ﬁ%g‘ 'ﬁg“ﬁﬁeéb%‘ﬁ met he
housi ng 42. cyiindrical Bhhee78c Baatier h8@ndaged Iummreirﬁsl isdelzalamigingagésent 92.
in the prefegied. enbadiy addNwE d depi N
whi ch extendg th?%ugh t\)ﬁg sougsdl né an Ug%cf%n%ﬁ Pf:gﬁ %o?tg 76.
The engagémefif "xeiPassass &1y fixed 30 reI atl ve to the intake adjuster
and extends to thes echNsiehe &Sa'fn@ir 8@@&9@?«3@@&%&:&!@&&4 H@ relationskip  The
hel i cal chanpel 86 nes, t raJ ers, ane
defining the T Oé%tl gﬁtogf “i"he At érmS e ac%&(‘j‘ptsaar apcvgﬁ‘“a\'/\n ththe
engagenent 9PEgHiivs ! hSURSTH! ?@IEEJME?I‘*!% RUEE‘ Rncenngdt to rotation of
2007/ 124259 P@/S%QWJLQ&@%K@??ZW@Q%ﬁé BhRag B FrQUdle@estBRd by
cyllndrlcql gor% 18 fr&gnt {e reg ure.in the§ Egtake assage 74. The
shoul der s def PriE"PRE axfal° "§eaPion® of “ﬁﬁmﬁdfg BRSO TR e
cylindrical bowasoyghe rB@@@Eu@eeft"h’eerengiagedjuam@ﬂmeaé th8 Bndskortied! et |
rotation of hhg dﬂ“t‘ya{ﬁ@ A !:kstt)@ chBel @ $8%AGhd: Qg\ﬁfﬁrcli r?:?ma@ Jilﬁt er 80

to extend rmre or I'ess into the |ntake assag elix of
the channel BB8%M §F“"’\7§‘P|‘@H“%§l Pehieheaesing 1y "r*‘é’lt‘éli)’l’tﬁ?f?ﬁioba’ bcéf“?veen
rotati on andzagisancgment tefinhkeaddiid Soess 88 Fosddnrnedte grdftebelow.

conf i gur ali of, pf: 4 he. CHaRNRLe 88uli5e USNH BALLANS, Tl A0 Lradygneenent
to rotation of the adj us decreas he ssage’ bei ng
progr essi vel yf‘M‘s‘teﬂi* tf‘”tge%ifw T@"tﬁm a'd‘]eué%fé’ﬁ* 85’[4*{‘@ HEWNCS pParaY ch of

t he channel S@wmdﬁﬁb%ﬁ@%r seNsioli Yooty Ofs Aelbahk GRd W @floraxhadlss
advancenent q M«; aQJ yster 80 has the nost critical effect.

Addi tionally, THe ﬁ A BF"¢he channel 86 can be further confi gur ed
to make the chandge maimcew*mf BeEhepinghoftthrechanba 66 presyeigied Puthe

subst antizgl | Mo%vew;témmhmg a%@e:b@%ukxme éme%an% Qi,’fésﬂﬁed niake
adj uster 80, as \[{\gl i f’ his proyi des an

Ui U v adPGRIRRHETE B F ILBIRSR e ST OPERETY GPePP CRRRBY NG t hout
requiring aikchisowt Momiseiripregsurd el whanhebleB86thaliseadxtands onl y
partially around the adjuster 30, about 300". This avoids one end of
t he channel 86 intersecting the other end. The axial |ocations of the
endpoi nts of the channel 86 are dictated by the 20 configuration of
the punp and actuator valve as enpirically determ ned. An exanpl e of
one punp is illustrated in the included graph. This punp was run with
a constant 100 psig air pressure and punped water w thout head
pressure.
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SUBSTI TUTE SHEET (RULE 26)

adj ust er

ci rcunst ance,

BO can be rotated so that the
channel 86ygpRrRagkes the engagement 92, Setting 1. | nperiBicsross

Where rapid flowis not essential, the
upper end of the helical

. . . 7
iciency is increased. The adj uster bé

punp eff

substantially bl ocks the intake passgge 74 when at Setting 1, At

Setting 1, tk
t he engagener
maxi mum sel ec
GPM for the f
a much hi gher;
to air consur

ht “02; at 't g "lpper eid” of "t he “channal “86,"constituting a
ted reSiawdtatons. ACamumAgen, the flow rates are 5.9
yunp and 3P SEEKIPFe fegf P'Phe actuator. This s&itding has
pugrp performance ratio, which is tH&epati-o-of punp |f | ow
mption, then when the intake pq’,s,sagé”ﬂ is w de open

However, this
| ow punp capé
flowlimt at

s =hi gh punp performance Wnsz gai ned at the expené!e of
gity. Setting 1 has bee selected as a practical |ower
Sappeoxi mat el y 40%9,f/rraxi mum fl ow of a given punp with

no air inlet i&$oriactuator resttictions. When the punp is
operati ng agaﬁnsthOM/resig, hce, as in this exanple, the airflowis
so low that the air chanpef being pressurized never reaches the ful
pressure of thess blet suppl¥'air. . Bef.ore.doi.ng.so,. the.punp reaches
the end of its sttoke and the actuator reverses. This result provides
an inproved performance SUBSTI TUTE SHEET (RULE 26) WD
2007/ 124259PCT/ US2007/ 066178 9 ratio with :ow punp resistance. Fiirst,
there is | ess aty:enployed:—Seecond;there-is-less-exhaust -resistance
fromthe exhausting air chanberas itival so didisnot achimve full zs
pressure. At ithe.sane. line. _as. pufySeeyietiaié&Mincr eases, the
actuator will allow pressure buildup to nmeet the increased pressure
required.
Where rapid flow is not essential, the adjusier 80 can be rotated so ihat the
upper end of the helical channa! 88 approsches the engagement 92, Setting 1. In
§  this dircumstance, pump efficiency is increased.
The adjuster 80 substantially blocks the intake passage 74 when at Setting
1. Al Seifting 1, the adjuster 80 is most advanced into the cylinder 78 with the
angagement 82 al the upper end of the channel 88, constituting a maximum
selected resinclion. At Selting 1, the flow rates are 5.8 GPM for the pump and 3.5
Wy SCFM for the actuator. This selting has & much higher pump performanca ratio,

which is {he ratio of pump flow to air consumption, then when the intake passage
wide opan. However, this high pump performance ratio is gained at the
axpanse of iow D

pump capacity.  Setfing 1 has been selected as a practical lower

s

or actualor restrictions.

When the pump is operating against low resistance, gs in this sxample, the
airflow is so low that the air chamber being pressurized never reaches the full
pressure of the inlet supply air. Before doing so, the pump reaches the end of i

stroke and the actualor reverses. This result provides an improved performance
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Continuing with the sane exanple in the above graph, when the
adjuster 80 is displaced furthest fromthe intake passage 74, the

engagemeniyPgohHqp@si tioned at the |ower end of the chanpedefResidl S
provides the least restriction as thg adjuster 80 is at Its uppernost

position. This is represented by Setting 4 in the above graph which
is at 16.4 G2 @l ol empwiRiabd dd: BeREMd O e i ed Os@ohdllpis Al

Setting 4, the performance ratjo is lLower while high flowis
advant ageousty’ ér%\é%‘f“l Faigrance from hg eURHRRC B charhy ‘t?d?é&f"r"’g‘ip‘%écweﬁet he
punp, the puf ppenfor AMbe samatine Baumeastsanex poreesdsi dlkelsptuateawil maxi mum

punp flow raggy pldikss 6aRDS RERMHe LA ecreasing sl ope of the above
graph as air flow 'rates jncrease. 1n other words, 15 the air flow

. N N r 03 3 Lo

vs. punp flow cubPE"FRE H&R i emei st ndinekeve oih Weadieadwrert ual | y
asynptotic t8o & tepthasdnmuptesp rbhohe radke peegar diesis efigsbiecamuat of
air provided ynl ess, .pressure is. d al F lied at a
constant pr e‘g{%&ﬁ g%;sd "ﬁi‘g?‘%{{ﬁ"gﬁzih%igg%ng%?%?ﬁ .acz?érv{af' % %v?/s‘%aggg e Wil also
reach a maxi #uifie BHYSIHGE alyperareshpesfion. THeEs kusareranet bt SKEsfd fow i n
t he absence 6t @bvaaghpsalch doasi1ad bew wapkdudd &id 24 hgopfs bhgeair
chamber as par f a power, strok Rapid tilling provides X1 mum
punp fl o?v"ra “e*&aéi%t 'ﬁ%%}zg'sﬁo%ep%enﬁgrmﬁg?#)@g fnQs ”lgé‘.‘g\édm@o ¥'s@, the
actual fl ow pé&Eeiagaopsly tdaizegunp depends on suction head, outlet head,

viscosity of theghduid prppad aatstiRand h&ﬁp FH&URBr &l SeQH Sk he
material being punped, the more power that is demande

e )( _ , 1 d for rapid
flow Even wWFFFEsSPOiEEsuIsti Gt wind 108 ehal'Mis gpt Persntt %ig
punpi ng pr essuresing kopavor @t esobayohds khdoefdtechiease dvetheokoraper ati on
require adi $pr.onaLtiona WL 2 , 3 6=l he
8501 &8 a?ﬁ’glr\;sv‘%b;?ﬁgpﬁféo?{%&g @ atRPWE e abﬂgggggﬁgg ogx‘é?gétg.iig he £1ow

i nt ake passage y 5 rent size and tt I nde F T
passages do AYIPESHST BRATIT SWRTVERHET e of e akewpakdEieided, t he
free flow of ugeRphesseds dicfsavdd. | APEOK depithe: greaitas prasmunt hef punp

flow but can, exceed an effective .|eyv Q L AReLALLAD oy hoan, Setting
4, establishét “‘\hgfgsn e4e éfﬁg%"gzjé‘r?g‘ﬁ{a%ﬁéalcg ‘“I”gé‘%t %ql?g“g%"t% %lém‘ltccg‘\%/“éif"_end of
t he helical channgs "BEMusiErTY ip &1 spsplcacean eaveendes alay dbie | ow

through the kmakerpassag®nned ot Gapfdar bbwe! srokBXirEbentgoMewdk | e
operating at_an ne}cce‘g‘t a@\l e %U ST Tl\J’TE SHEET (éRULE..ZGb VO "
2007/ 124259PETFUSIFY7PIBE 178 PYT P Er TOPHRIRE FHTD 2= “4teSE abl e
setting i s appragiwetelyn §%uob dapsoisemsyotmmekt owtitdrad vigioserefpunp
design. The gr3DR LARDEHEEHE Ant HoRiRb® hdHatclili® P MOMPR! figr mance
ratio which is the lowest at Setting 4, defining a mninumsel ected
; ; more power that is demanded for rapid flow. Even with Tess viscous liquids and
restriction.
25 smal differential pumping pressures, flow rates beyond the effective level of
aperation reguire a disproportionate amount of power. Therefore, where the
intake passage 74 is of sufficient size and the remainder of the flow passages do
not consirain fiow more than the intake passage 74, the free flow of compressed
alr will provide the greatest amount of pump flow but can exceed an effective jevel
30 of operation.
Seiting 4, established when the engagement 92 is located at the lower end
of the helical channel 86, is emplrically placed to constrain air flow through the
infake passage 74 to effectively maximize fliow while operating at an acceptable
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The actuator housing 42 has an efficiency indicator, generally
designated. 94, around the cylindrical intake adjuster 80, as best

i1 ustrat o bdd7iria@ssr € 2. This indicator 94, which may perg®loeessi7at 0
the housing 42 for greatest |ongevity, includes indicia indicative of

t he m ni num and maxi num settings, Setting 1 and Setting 4;

respecti vel yperipess taby d‘hé’ s%&@!b;@aét@m %ﬁm%%ater}d@ﬁ%{emgk rw;t I ons

of 10 angul a Wséca,}g on_of % gqu cah I nt ake adj ust er or
Pl o Reeri e DTy, o ed set PUSrYee it

i ncreasing f
i nt er nedi at enm’mm@rm@@slmimow@crbetmmmsmttstaﬁgzom aethiges tiimkgud ar e
indi cated. TheseqiHeepedi ate angul ar positions, Settings 2 and 3,
al so refl gct ed in the above g are_ equi angul arly spaced. Each of
the angul ar sett i gss “%t*i"f‘ﬁ@%ézghﬁsmncﬁff&ﬁ“% infiggtpregergraiin deslgnated set t i ng
15 of the cybd, mduntls dyintsake inblp ugitadr 88%3%?.43&1!&5)@6&& @& tif@e QHU&EG
passage 74 effectiy L ation. between
f’lfig & @%Qh% {:}4 g\éldéfﬁn?o QQ%% %‘?o. g/\%%i %Céwﬁ@m at e

t he heli cal channe engag enent

angul ar* posiPEiesEdNdidE i é@@i*VSé)f te rﬁ“gmzzwatanq_@ascr*@iwertw tSedingdrgpd and 12

ngI8V|S C}‘: (IQI r f t hasact, U@&%d@énv@i@d @Eéstéggsr&t@tafﬂa@a 36 Wﬁ&s@&tz kh@cf;gwe@ ?Ed 20
fog, u i. ndi . nd on the

cover plate fsp}? A H {hge(i@&dﬁcﬁé mg?ﬁ(et é‘s‘}?f%’g %ﬁb}fﬁ?‘ﬁ%l BR3¢ 94, in

cooper ati on e m‘k@*mbh~%@,&eimy’wbe\m@e@ia?eoma@& sHitipns @mojeast i ng

the intake t@s#@Ct eal&kppented GaRdi t s ;ﬁ@f-!«eeh% éddﬁ ¢ pm@ni our
equi angul art a(;ed settl ngs ref|lect increments of Change in air

flow that ar § Bs*taantﬁ 39 Fleglt ) the v Rl Sﬁetﬁri@?’ﬁtﬁ”ya%"ﬁ%dent upon
t he 25 confi gur aEagei dfe drigeianaitings) Sattingsi 1t wivuglf 4 trbschelni :xal sehannel

66, providesqdiil Ltd Ka iGNt A --»"@Q%J RlabideCtb SACY =M g’l}’%&h &e»%'-t{]!: ng air

fl ow measur errents and gives equal sensitivity o r oughout
the full range®f raf Pef3us chgprstatignbetvEmmne pekdeb chanele3s ad %S for

t he ﬁettl NgSedbatdiadtigh #hame ifespeaekiamgly pdsiids r&be@ﬂscf‘tgg&'at and 0. 66.
At the sane y f cie are-gai n sl ower
oper ati on, E"IFW? ,Séaém%? &&%?ﬁifj Ifo?lt %Cuat%?rﬁns %@tgée 1 V\/riel‘aé to set
t he adj ust erf*‘f‘@k*f?%ﬁ‘f%c‘i?r §‘eF@pféF“§tﬁ”i§fﬁt°as"\“nm nof @0 '9?03*0@)@!3 herat er i al
punped Orzgi nefvgasadshead is antici pat ed to shift the curve of the

above graph down, vercone the increa resistance, = SUBST| TUTE
SHEET (RULE 26) éﬁf%ﬁ'@?/% Dho BUsRaF (18508 g‘bes%f"?‘é’eia*’?“ with the noic:

10D, may be used to assist in adjusting the intake fo recreate repeated conditions
and the liks, The four squianguiarly spaced settings reflect increments of change
in air flow that are substantially equal. This relationship, dependent upon the
25 configuration of the nonlinear pitch of the helical channel 86, provides intuitive
control of efficiency without requiring air flow measurements and gives egual
sensitivity of control throughout the full range of air flow adjustment.
Purmng performance ratios for the seitings 1 through 4 are respeciively 1.69,
1.07, 0.87 and 0.66. At the same time that cbvicus efficiencies are gained by
3 slower uperation, culput decreases. The operafor must determine where to set
the adjuster for effective operation as needed. More viscous material pumped or
incremsed head i3 anticipated to shift the curve of the above graph down fo
overcome the incraased resistance.

SUBSTITUTE SHEET (RULE 26)



Thus, an air driven punp having a variable inlet to allow the
sel ection of high punp output or high punp efficiency is disclosed.

Wi | e embgglp BRALS2eNd applications of this invention ha¥gybReNeseWn
and described, it would be apparent to those skilled in the art that

many nore modi fi cations are possible 5 without departing fromthe

inventive C0nCePtE“xubeé’rﬁésﬂdrsvgh%mhﬂ%@mg' Dariz Si@%{i&f@r&ﬁ‘w& Bie ROk 4 %P mbe
reStrICtedeC,g ende

SHEET ( RULE 2é‘-j‘p*l’“1”§‘ "Elgf’ér‘fh’s‘l?%h R a?f?”"ﬁrai Wéﬁdﬁiﬁ?p ‘%ﬁgfm"lbﬁ’ Hgnts a%fh
act uat or i nclapdiicagens)cfopieriatdniel yavepies exhoan rand hdusbites, i 2)cudi e
chamber passag@sent to those skilied in the art that many more maodifications are possible

5 withowt departing from the inventive concepts herein. The invention, therefore is

not fo be resticled except in the spitit of the appended claims.
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3) an air valve having a) a cylinder in communication with the
air chanmbers through each air chanber passage, respectively, b) a

val ve elenent in the cylinder, 4) an {ntake passage extending to the
cylinder, 5) an intake adjuster having a) a closure el enent
operatively nounted to nove axially into and out of the intake
passage with angular rotation of the closure elenent to selectively
restrict él?ﬁ"n%ir flowrate in the intake passage, the ratio of
advancenent of the closure elenent to angular rotation of the closure
el ement decreasing with the intake passage being progressively

restricted by gthe ¢losure el enen and b) a first angul ar
posi ti onel\lvi t h"\tnhae'-r ‘igrhvte Ipé'%}?a%ogg%fésliﬂz% maxi mum sel ected restriction,
c) a second amgul amnpegiatardmcludindy t he i nt ake passage at m ni num
selected restrictiqgn, changes.in flow rate through the inlet being
equal for equal ingFeneﬂ?%{%ﬁ\é%ﬁﬁ?%qseg@fracﬁjiam&?e&?’ the closure el enent
between the first apgul air chasbéi gassagss, t he second angul ar position,
and b.a punp body i3 cl udi nﬁ . 1) at |east one variable volume
punp chanber and - 2By yePeEving el ement driven by the
operatively opposed air afBagyedes. in ohiheuridatiod niitethepalMphathbéers ahoudh
the intake adjuster further havi ng 13 ,

each air chamber passage, respectively,

b) a valve element in the cylinder,

4) an intake passage extending to the cylinder,

5) an intake adjuster having

a) a closure element operatively mounted to move axially into
and out of the intake passage with angular rotation of the closure
element to selectively restrict the air flow rate in the intake passage,
the ratio of advancement of the closure element to angular rotation of
the closure element decreasing with the intake passage being
progressively restricted by the closure element, and

b) a first angular position with the intake passage at maximum
selected restriction,

c) a second angular position with the intake passage at
minimum selected restriction, changes in flow rate through the inlet
being equal for equal incremental angular rotation of the closure
element between the first angular position and the second angular
position, and

b. a pump body including
1) at least one variable volume pump chamber and
2) a pumping element driven by the operatively opposed air

chambers.

2. The air driven pump of claim 1,

the intake adjuster further having



d) a plurality of internediate angul ar positions defined by indicia
between the first and second angul ar positions, the first, second and
plurality of internediate angul ar posifions being eqU|anguIarIy
spaced, each angul ar position having a correspondi ng axial position
effecting an air flowrate, the changes in the effected air flow
rates between adjacent equi angul arly spaced axi al positions being

substantial | y %u;ﬂural tgd:)—mﬁemédléj(g'a\(\?nlapﬁgﬁl S, &"’!fﬁS{JRb% m&iag bifeﬂv%e%iﬂethe

adj uster furth I nC er on
cl osure dirgnamt se¢cdvel acguwiart posifianst fies firstcbembndgart) plunalin ghgeammddiate

fixed relati toth nt ake ass e and xtenln ativel
bnaage. ¢ SHET  adiitols bihd SRR, S05et) cRoh AT BRSIH bVl
i nt ake ad:jousesmnding aharpdsmoh lﬁa(fﬁeﬁtg\g an air fIO\ﬁ/)ata tleaharyed in thdeffedtod aire
el enent , ffghe hel | ‘ﬁ bei n efi ned Q’ one,

d axlal

Chonrer * oWl adten? BRRSH e Rrbdlally shAGd el PoSiint BaRl shbsiagtiayy

i nt er medieajual.angul ar positions being two internedi ate angul ar
positions. 6. The air driven punp of claim1, the actuator further
i ncluding 6) an actuator housing, the intake adjuster being nounted

in the acj uat ohelmgived pufp ditlawnr, driven punp conprising a.an
actuator including 1) an actuataor housi ng,
the intake adjuster further including
e) a helical shoulder on the closure element, the actuator further including 6)
an engagement fixed relative to the intake passage and extending to operatively

engage the helical shoulder.

4, The air driven pump of claim 3,
the intake adjuster further including
f) a channel in the closure element, the helical shoulder being defined by one

side of the channel.

5. The air driven pump of claim 2,
the plurality of intermediate angular positions being two intermediate angular

positions.

6. The air driven pump of claim 1,
the actuator further including

6) an actuator housing, the intake adjuster being mounted in the actuator housing.

7. An air driven pump comprising
a. an actuator including
1) an actuator housing,

2) operatively opposed air chambers,
3) air chamber passages,

4) an air valve in the actuator housing having



2) operatively opposed air chanbers, 3) air chanber passages, 4) an
air valve in the actuator housing having 14 a) a cylinder in
comuni cation with the air chanbers tjjough each air chanber passage,
respectively, b) a valve elenent in the cylinder, 5)an intake
havi ng a) an intake passage in the actuator housing extending
to the cylinder and b) an intake adjuster being rotatably

U Lt he 2oL o 8RR g kA

hel i cal channel, each air cBambercpazsage redpeetvdly,ext endi ng adj ust ably

into the intake passage,, wherein the.closure elenent is cylindrical
in cross section and reBé?\Ya'aeieﬂe"ée’ﬁm %hﬁcﬁyp%daﬂr’ bore within the

actuat or housing, 5) an (@dkeah®&a i Nng groove between the helical
channel and the closure

relative to the intake ﬁglégéfngtgﬁ%ﬁgg%gﬁéﬂd?%&g%‘a%gﬁﬁpggg\%gf{?%gﬁbﬁége
the helical channelyliddepapginp body i ncl udi ng

b) an intake adjuster being rotatably mounted in the actuator
housing selectively restricting the intake passage and cylindrical in
cross section and having

(1) a helical channel,

(2) a closure element extending adjustably into the intake
passage, wherein the closure element is cylindrical in cross section
and received in a cylindrical bore within the actuator housing,

(3) a sealing groove between the helical channel and the
closure element, and
6) an engagement fixed relative to the intake passage and extending

to operatively engage the helical channel;

b. a pump body including

1) at least one variable volume pump chamber and
2) a pumping element driven by the operatively opposed air
chambers.
8. The air driven pump of claim 7, the helical channel being configured for axial

movement of the intake adjuster in the intake passage with rotation of the intake

adjuster.

9. The air driven pump of claim 8,
the helical channel including

(a) a varying pitch along its length.

10.  The air driven pump of claim 9, the varying pitch of the helical channel being

configured so that the ratio of advancement to rotation of the intake adjuster



1) at | east one variable volume punp chanber and 2) a punping
el ement driven by the operatively opposed air chanbers. 8. The air
driven punp of claim?7, the helical cpannel being configured for

axi al nmovenent of the intake adjuster in the intake passage with
rotation of the intake adjuster. 9. The air driven punp of claimS8,

t he helical channel including (a)a varying pitch along its |ength.
10. The aj i ) . | ai J ryi i . Oof el.ical
channel BSCFGeebPiDTEdtals rhstadk, bbig, b5 e ey bGP ChisReo,
of the i mdiksteradj uster 15 decreases with the intake passage being
progressively restricted by the intake adjuster. 11.The air driven
punp of claim?7, the channel in the intake adjuster extending no nore
t han 300 tboutTHehair dimiemkgurapjofista@n .7, the channel in the intake adjuster extending

no more than 300° about the intake adjuster.



