WO 02/ 099852 PCT/ US02/ 08686 TO WHOM I T MAY CONCERN: Be it known that I,
John L. Brock, residing in Auburn, County of Bay, State of Mchigan, a
citizen oWotobmodsatt ed States of Anmerica have invented newpamdSoyefoss 5
transducers and the use of such transducers, wherein the transducers are
NOVEL Pl EZOELECTRI C TRANSDUCER ASSEMBLI ES AND METHODS FOR THEI R USE t hat
are described in this specification. The invention disclosed and cl ai ned
herei n deal sy WicMATMAY EONCHERS ansducer 10 assenblies that are useful
for the nonitoring of the gas output froma diaphragmor bellows punp
using air, nitBegeknovor thetl, Jolm Hi Brockiaresiding imdvulbing CoeuiyofBayhStaeiof  t he

transducer is,.not an inte | .part, of t i nput, or .out put fl ow stream of
the materi al ﬁdl&ﬂ%ﬁ%@cﬁmggﬁe&ﬁ?{eﬁﬁﬁgse%e ccahaye ipyen s \gdﬁg | ow of
the gas dri veinsBidEps adtd e @Ry ot ueh Gassdabélh, wikieilehE@Mstiddrese FOr pur poses
of this invention, what is 15 neant b@égﬁf@&ums" herein is pul sed gas

out put punps of the di aphN&YHIoPIHADE BANFRUCERBnsducers of the
i nvention disclosed hergi i MeTal transducers
currently used in noni t‘%ﬁﬁ%@ﬁ%ﬂ%ﬁf@%@ﬁ@%ﬁeﬂ lgisﬁ%Eei ng punped by a

gas driven pthapare dbgribed fithis dpevifiedtionat eri al s bei ng punped by a gas driven
punp, 20 and/or _the pressure of the .input or output flow of materjal being

punped by a gadhednyeption dislosedsidirlaimed darsandealswith apigzoglectiis ransdygginet i ¢
Pl | et f ! D . i g |
Bnd RS 11 ke SRBEATE Sy wioklltr FE i b PO Sl puBliCh Rl hrddrRBE S 0T S

remenber t habellowarpangr wingess eittogeh) o, cagionrdiokideias a tvewkifig medsir, edwrereinn a
situation wherein material is being 2 unped by a gas drive unp. .The
First is t netFIEEraRPLHb R Py ot A BRE areliou o%isbeny bR Rerial 1 ve
the punp, aﬂﬁeiﬁ%ﬁmﬁ &0 B is AsePloBhsesthé 8ast B FloW BiSHRe Eésodﬁv%ﬁguﬁif) the
mat eri al bei ng andl ed by the punp, such as Water, non-toxic fluids,

¢

aqueous aci vhereby thegas pumpsan bs cenitbllst hor tizpasesioliihis inveation, ehat ivt her punp

destr lfgt ' ve mggrgt ry"‘ag!asspun?f;?s”]he\r/é\% 9s214u(1)59e 8ggs2 oﬁ’t%ﬂ IgJu%%:?s/o e8 giaphragm or bellows

type.

The transducers of the invention disclosed herein are intended to replace those
transducers currently used in monitoring the input flow of material being pumped by
a gas driven pump, the output flow of materials being pumped by a gas driven pump,
20 and/or the pressure of the input or output flow of material being pumped by a gas
driven pump. Such transducers are, for example, magnetic Hall effect transducers,
Light Emitting Diodes or photo optic transducers, and the like.
In understanding the invention disclosed herein, one must remember that there are
essentially, at minimum, two flow streams in a situation wherein material is being
25 pumped by a gas driven pump. The first is the flow stream provided by the gas that is
being used to drive the pump, and the second, or other streams, are those provided by
the material being handled by the pump, such as water, non-toxic fluids, aqueous
acids, aqueous caustics and other hazardous, toxic, and other pump destructive

materials.
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Wth the invention herein, when describing "flow', it is neant that the

di scussion deals essentially with the flow of naterial being handl ed by the
gas dri vewopamssand not the flow of gas being used to dPCrasohescgas
driven punp, unless the gas flow streamis indicated otherwi se. 5
BACKGROUND OF THE | NVENTI ON_The use of piezoelectric transducers to
measure, nonit oith#e inventienhigrein whea deseribing ‘floye} itdemen thatdhediscussion

Currently, r r phot o
opt | ot r anschiay GShafE Sy HEWAR pIRANR bie HAMIoFb) B gop LHRIFUER (e

noni t or gas mnrmesﬂowrof W@u&d&@ﬂﬁv& thicigag dpvaceump) undessifhehsiflowg
processes where 10.gas p s are utilized, wherein nost punps in use today
are air dri v %ﬁﬁ%ﬁcat@g‘;gew&sure sensi ng applications in which

pi ezoekectric transducers h?M@Cl@GR’@)UNB@F?PEH\WEN@I@Na' measur ement  of
pressure; mnmeasuring inpact forces through the use of accel eroneters; use
of m crophones Theruse efpiezhehagtroy tratstewsts ManaSumomnditOItemd tragk MatiGtsi eyonto f

sounds and/or ultraso es det ecti.on

automobi 1 es im0t P ALt pe PGS SRS AE arce magR IR pun

i ndustry hasyaggtceds, phbloptie thRQRIESS KLikh BliddedransdiRers andl tiOHIg: to
critical appli cati ons for a nunber of years. e feedback has been carried

out in a nunmmt@fgamympsmrmﬁasm@amtytalqng Rlaee mmfa@amamwesw wheest one

part ypl cally rec onically

shi ft| g shu%a[slpumzp Va t@g‘%gw {l‘%l 1ﬁ%r8¥§ﬁ?§§ﬁ‘u&d& he%%lyaﬁvg{s&ﬁ%ch shifting

has been aCCOWrSoInEel]ﬁéssbise Rnsih@ap fcﬁﬁ@isllﬂgvmﬁfmbml&fndﬁiﬁds@m et bgen

det ect ed W|th a proxi trans ucer or by a color-contrasting portion of
4%“4

a reci procat #5¢¢ aprarthe meagpgen of @Fqsgnaﬁneasgepgm@t forges thigyek e n tur n
sends an el eﬁstercﬁ”%bgel %szglge @%ﬁﬁ&' F};ﬂoﬁeyﬁ’ﬁ' §r (’f@?%c?i%ﬁ'&? shhd; fHdr n

shifts the s uttlev unp manu ers have used both
mechani cal agehesanion@fsmmtde apd/essllmasomswamshmd thdﬂatéctmnoépmmg bl ast of gas
fromvyalves insid rrpat the%esw dtlrre of shuttle valve

t
swi t chPng. Tﬂg"’iﬁ‘ﬁg‘l]l%?rﬂr SOV eI LAY Bssure switch then transl ates
the blast of gageidih@ridh ﬂﬁﬁ%ﬂdﬁé&fha%hﬂe&aemﬁﬁc fe%dﬁé&ffro?ﬁﬁf)er%%lﬂnﬁ&e

shuttle valve for operation of thHe shuttle valve. In addition
el ectronic su@mmescrﬁhal: applicatinas forzonunaber héy@lmtﬂfefev@wb hasbeearcerriedy e been

d b uf | | A
RDPed, b TR Pk ol M S R R A PP 1

typically reciprocates. Some pump manufacturers use electronically shifting shuttle

20 valves within or attached to these pumps. Such shifting has been accomplished by a
reciprocating portion of the pump being detected with a proximity transducer, or by a
color-contrasting portion of a reciprocating part in the pump passing an electronic
eye, which in turn sends an electronic signal to a shuttle valve. This movement in
turn shifts the shuttle valve.

25 Other pump manufacturers have used both mechanical and solid-state pressure
switches, which receive a blast of gas from valves inside the pump at the desired time
of shuttle valve switching. The mechanical or solid-state pressure switch then
translates the blast of gas into an electronic signal that is then sent on to the shuttle
valve for operation of the shuttle valve. In addition, the electronic signals that are sent

30 to the shuttle valve can and have been tapped by manufacturers to provide electronic

signals to other apparatii that monitor the pumps. These apparatii include but are not



WO 02/ 099852 PCT/ US02/08686 Ilimted to: cycle counting transducers,
tachoneters, overrun nonitors, underrun nonitors and personal conputer
syst ens ViNDOR/0g9882 enbedded in tools which nonitor punps, Pamarsg2/atcBer
things. In every case, the use of such current equi pnent requires invasive
transducer 5.placenment in the pu itself. This creates.a situation where
the part s pl ABEGE o orsie COyHiRE ARBRSES; RENTRATScaGEE GOV ARS RASTBR. or ¢ ho
parts are affegikid aky pé6nat %ékﬁhlht@n sysRElsAvhioH arRleiffed QB HEIS WhEthahsmitdral S
uc

bei ng handl ed by the punp. S parts include, for exanple, flow neters,
mass tr ansdupwmps, amadg phddthéngsheel transducers, all of which are placed

directly in the f]l ow of the material s hein andl ed b ump..Ln 10 the
case of 1 oods, W e MR Sick el g Bn AL oo Hud s Gt Rucet

cont anm nat edplayemdnt e Fainpl itseBN Thididieitesmlitbtid Wherblthopartsiitagel acthigent of
these parts In the interior of the punp creates a sjtuation wherein the

parts act asinfsriogsl the rampgansqaRgEnglons gf the parts gregdiected byithecausity of t he
mat eri al bei . i i h r; e
1 cal ¢t o SeF BestheliPoiBay B hihAECHY 1B burk S35 pBRTAANLE e
st at ed pr obl forsxanylepflew sieters, mase trandducersrntigraddleatheal trarsddcetd)ia of eads t o
mal f uncti ons jn conponen{. parts_ of_ the manufacturi ess and thus al so
| eads to ex p@h@h\?@ ﬂéﬁ#&‘%ﬁy&@ﬁm& ‘?frﬂﬂe mﬁiﬁﬂiﬁffdﬁ&%ﬁ?#%ﬂﬁ{?ﬁg’m $EUP N hese
situagpons, §HBRaQMWfoddsTBuchhlts ERGRHIRIINS “meguiﬁ HeS6od issco_mﬁﬁnaté&sg is a

maj or mal function that happens to be noticed by those monitoring 20 the
manuf act ur i ngaqemogtals snd Dther ulatdriatst Alsosthatpacembntef thesepadsin tha igeriartvd punp

to stop conpletely, which often,leads to human jnjur nd, equi pnen

dest r ot on. e D erealeN it WosR LB B Ay gt R SrES g S REA g

and/ or cont rﬂhk&,ﬁ&ﬂﬂﬁ%v@'bf&@%d@&iﬁl’%eihghandlét[lbyﬂiégﬁhiﬁ?aﬁd AHEduER tHebat woul d
essentially elrmnate all of the above-nentioned problens. 25 THE

| NVENTI ON Whartsaredidfiedt weplaeger repaii-ned herein are pi ezoel ectric
transdugcers th rovi de. 0= j ANS: nj I aust
portsq§f gas d?‘ltl\(?glﬁ? 1un%1§n€ng§+¢] %r%atﬁéaggoﬁ"décaa%%lg%néﬁﬁ%ge r%%]%ﬁﬁérrs. The

met hods di scmofistedathaltiad thiddedi3te malfufetiond én tompeducears ofelgcri bed just 30
above in conjunction with digital output electronics, .in ich a_great

number of  dingnfastuEng pircess B thusrlt leasty Grpensive doaptmenelf#uPindhe prior
art today, tQ RLPYhdEp@blems. In these situations, the only time that the pump is monitored

is when there is a major malfunction that happens to be noticed by those monitoring

20 the manufacturing process. The ultimate is when these problems cause the pump to
stop completely, which often leads to human injury and equipment destruction.
Thus, it would be valuable to have a means of monitoring and/or controlling gas
driven pumps by a non-invasive transducer that would essentially eliminate all of the
above-mentioned problems.
25 THE INVENTION
What are disclosed and claimed herein are piezoelectric transducers that provide
non-invasive means for monitoring the exhaust ports of gas driven pumps to eliminate
the above-mentioned problems.
The methods disclosed and claimed herein use the transducers described just
30 above in conjunction with digital output electronics, in which a great number of

digital output electronic configuration are known in the prior art today, to provide a



3 WO 02/ 099852 PCT/ US02/ 08686 neans for nonitoring gas driven punps. Such
nmet hods enhance the performance of the punps and the control of the punps
wi t hout twe ocomssni t ant probl ens associated w th transdu®eraisotregesar e
required to be inserted in the punps per se. The transducers of this

i nvention can be unted.as part of a iffuser, or can be renotely
| ocated, 5 eWSARS{PT FIONHPIRGE ﬁﬁpﬂingg'ﬁfgén‘?tﬁ ephancs thgpe 0L for

exanpl e, whemetigdns AR BR: dodtrbPGtthé POmBEwREOMARL YéhcORAGA fbbledl Gsdob@RRdUCer
assenmblies of this invention, and the nethods of this invention provide a
plurality of withtahsdusersdhatabt wipniagsl to beyinsented tim theguiopspsr smdhetahmlusersf t he
prior art, such.as the ability to.keep_ all parts out of .the u and
bopeci al 1y nk i ynlitnaan by ihobRa SSPR A a ghe Sifed Sr.di t5uEmGR% BB,
abilityg to hanglaerdiheelfRelg Aedtghced BbRIth@pSmp) sueB S bLeimipte, vl thtt hout
destruction of the transducers; ability to start and stop gas punps very
qui ckl 'y owi npumpishendling emptpledvematessbonse by the transducer to air flow
events; allow i i e C . r ering
appl i cat i ons: PSAPRAEENPRbRE IS ARThER, il she ReRE S IRves RS S
initiation oprogideasplaralityodf enyfito pet chithiaable b thyarsdateenar] wéthodastahé on;
they provide .quick and easy .retrofit_to older or existing, equipment; they

can verify tPHEQr arhsughas theability to keen alhpas i of fhe 975 Pupmegichespeciplfemetal
capabijhi ty of . £00sh D i 1. ] £ abi i 4:0 shut
down 6Brrps 0{31 Certaﬁ@%l%%@%%@/g%@%%dﬂﬂ? P%r%lfg;e%sbtﬂgﬁggP s;e'?%gfhggﬁlh
cont rol precimateriabstarchnggicahatétials dithsutalestasctipaldf drestrangdacerss abilityt ©rssart 20

ounces, or larger or smaller quantiti.es nd, their use generglly leads to
more ef i ci efd SO ERTRIEPTErY AP gaini (e e dstanneousrsronsi e & ai scl osed

and cl ai med hef@hicbritd aR TRWESKRARE BRSW pietise niin®BARE Gk Eofirol bf BOWIMESAnd
assenbly conprising in conbination, an insertable transducer retainer

assenbl y andmsteriog @pplications; davelibeabilitytoaverdy privuegof ihe gahpunpead t abl e

transducer 25.retainer _assepbly conprises a housing having.an out.si de
surfade. i PRl SreRaT R or e Sy ediinds Bfop e uRD eiphidd
cent er ed hubgiigk asd 685 tretksTil t6 BRIE 60existingeglipnient;aney EdnevegiEnthat @e ghsib 1S
integrally connected to the insertable transducer retainer assenbly. The

out si de sur f BeEp keactellyppertingthrehare thacanabiliin ohcanspat Bawirate mondigrisgde
circunterent {h% i agﬁity to shut down pumps on certain specified deviations from

standards; they can control precise metering of fluids such as gallons, quarts, liters,

20 ounces, or larger or smaller quantities, and, their use generally leads to more efficient
and more reliable gas pump designs.

Thus, what is disclosed and claimed herein in one embodiment is a piezoelectric
transducer assembly comprising in combination, an insertable transducer retainer
assembly and a receiving transducer retainer assembly, the insertable transducer

25 retainer assembly comprises a housing having an outside surface, a front and a back.
The back has centered in it, a hub. The centered hub has a centered opening through it
and the centered hub is integrally connected to the insertable transducer retainer
assembly. The outside surface has a fastening means on it and a tapered front outside
circumferential edge.
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4 WD 02/099852 PCT/ US02/ 08686 The insertable transducer retainer assenbly
has a first circular opening in the front, wherein the first circular
openi ng hae oa/ogdssrul ar pi ezoel ectric transducer di sposed PRT/USD2/086BE
pi ezoel ectric transducer has a bottom surface and a top surface. There is a
second opening.jn.the front of the insertable transducer ret ai.ngé g

& pnt,

assenbly, deep&h® e GEAFSIRCY relpingt ASsPmBIS S AT ETCN AL PRRFINE

di anet er t hapntbs thdiiddRhBilaCbpehite Hak b¥ircBlaf fidbdHle@RERilducet AfpsRALIA" €d
opening in the centered hub continues on through the transducer retainer
assenbl y housi Tig plembelgotricsiranaduret hes seattomiswsaiand atep prdee.de a conti nuous
channel through, the transducer retaiper enbl ich exits. at the back
of the hub. _10THE 1 B3RS BeeTed P RSh B3R MetmidBrite dinl connect e
to itssbott osgseHblya@&oper thas thedsi dlichthr bpéiag He®havisd 21R6% damtdrithah @kbso has
a housing. The receivi gg transducer retainer assenbly housing has a front
and a back, dipaetsr af thedirpicineulsngpenitht ered in it a hub integrally nounted
on it. The recehvi i.ner . t and is
| esser in di anﬁh‘éﬁ@%ﬁ%ﬁ%@%ﬁﬂ%%’%& tgfr’i‘ﬂeo hf‘%e& ?tel@gel%\??l %gl%ﬁ%ﬁ{%ﬁrfﬁgi tf’ggr

retai ner asseepdiher absensbinbousidpearidrapehns ko thegecondaipening té pviidacwntinedusi ner
assenbly has |ocated therein an opening. The receivij n% transdycer. retainer
i

assenbl y opefhangeliirough thedransdyser wfainerassensfly, whigh exibt thibackioh therftb.
I nterhgr Surfﬂ&ﬁe?@e?zc@ﬁéﬂ%@ﬂceg ad &1ectﬁc%l"’I§atd'§ bk cda0 Tis bﬁﬂﬂjg%hff@ée.e with the

fastening neans o e Insertable transducer retalner assenbly. 20 The
openi ng has a t dherewtiving translecer m¢thimbr adegrablytaltoimsadiousing. Theaeerivisg a

saucer-1li ke , depressioon bel ow the hottom of th eni in cei ving
Cransducer et R BeER by RUEE L B Aottt ST  om O The
surface areacerbd it thuBinté%]}EHy ARUARH oh i Thel &ReREH @ahstidcer RtaihéMfubt O t he
surface area of the top of the piezoelectric transducer, the surface area

rel at i onshi phdsaahacgl and pdtonbandis¢sserrin dipmasér thaoihe dignecterpf e pedivinghere is a

channeked opgni fromthe bottaom of the saucer-|ike depression through
t he cglrs\t er o&a‘%sﬁgcefé%t&“\‘ﬁ%e }E’lgﬁ?&ﬂ%%‘r retai ner hub and the interior of the

recei ving transdigefronteif theeteitiup thasiuaer @t as@mbbahs 16&ftedtiaRid 40 t he
receiving transducer retainer assenbly to a gunp. The punp in this case is

a gas punp, epening The reseivingtranstyespsetaippieassepbly gpgning hag HEIETIH FYARS t ype

arr punp. and a bottom, wherein the interior surface has disposed on it, a fastening means

compatible with the fastening means of the insertable transducer retainer assembly.
20 The opening has a tapered circumferential edge at the bottom. There is a saucer-like

depression below the bottom of the opening in the receiving transducer retainer

assembly. The saucer-like depression has a bottom. The surface area of the top of the

saucer-like depression is relative to the surface area of the top of the piezoelectric

transducer, the surface area relationship having a ratio in the range of from zero to
25 1:1.

There is a channeled opening from the bottom of the saucer-like depression
through the center of the receiving transducer retainer hub and the interior of the
receiving transducer retainer hub has an adapting means for adapting the receiving
transducer retainer assembly to a pump. The pump in this case is a gas pump, either

30 of the bellows type air pump, or the diaphragm type air pump.



5 WD 02/099852 PCT/ US02/08686 In a further enbodinment of this invention,
in the piezoelectric transducer, there is disposed over the top of the

pi ezoel ecwoioe/o998ansducer, an el astomeric protective covePCagiSorggeseal |y in
the formof a disk, the details of which are set forth infra. In yet

anot her enbodi nent. of this _jnvention, there.is further .disposed in the 5
bottom of the emﬁ%ﬁgmowe@ﬁ O e o itpnhe PIFSFIREAC i Ry therg s

el ectronic  gopit@¥iatthOp iffike HelidctiPhatdih&h A SasidRMidGdiebife a. I n
still another enbodiment of this invention, there is disposed in the second

openi ng a coeetiag, typicaliminghé firm offredidle s detaibfofiwtichargset fortbunfded i nfra.
In addition, there is.an e di nent..of. this inventi.op iR which there is
provi ded ar 108 pEAspugR eSTPRRCER O intedeBp, B¥RT: hithet BBty | C
transdgcer ppéttdieof theQectiddpbsing bf thaht@BdiRELretding absetblyled eldefrogic | n still
anot her enbodi nent of this invention, there is set forth a system

conpri si ng asPrdigyrasignpthe defaileobwhicberq providghindireer assenbly operably

associ ated w tih f: : -CONLL.O : i and

controlling theﬁagg%%ﬁn%r%%gf&% R "]A@%%%Wc%ure lis
a full side wpeivgod compressitile eiateial, thé datails efaddtieaicrprovidedingducer assenbly
of this invention. Figure 2 is a cross sectional view of the, piezqgelectric
transducer assdRBfiditign, thereds an ephodipgnt Qfék’éﬂn‘feﬁFl%ahWWL@leAe ;&pé?wg?cg%tr e 1,

and_expl odedicakiificloiresinglisRRbl ikl PRzodQic ARSAHGETPE] NR, @xEluged i n
e Cga to ttpl E g

this Figure to provi rity e Figure. Figure Is a front end view
of the inserwhizhart¢ alsmpohweded infed.ai ner assenbly of this invention show ng

th i [ t i.n... Fi 4. . [ | full side vi
of the i nsert At SR Rastich ruodmaed s inyBulon RS s o R AR gRt on taken
through |inecEnftishg il Gatindp, a PRAVLIBETiB trédRs RICEZRASEEBIY lopErablyBRSIAA&GT

suspended above the opénings in the insertable transducer “retainer
assenbl y. Fi yithéhsgaspumps pade cemral ispsiemn fonmpnigiring and sanidlling thei gas pumabl e

Fi gur a1, showing the  mrRueP BRI PN ECHREDR ARG T e st

openi ng and r eigitg 198a fulbkigé ¥iewddr one embodiment of a piezoelectric transducer

assembly of this invention.
Figure 2 is a cross sectional view of the piezoelectric transducer assembly of this
invention taken through line A-A of Figure 1, and exploded, the internal parts of the
20 transducer being excluded in this Figure to provide clarity to the Figure.
Figure 3 is a front end view of the insertable transducer retainer assembly of this
invention showing the various openings therein.
Figure 4 is a cross sectional full side view of the insertable transducer retainer
assembly of this invention taken through line B-B of Figure 1, showing a
25 piezoelectric transducer suspended above the openings in the insertable transducer
retainer assembly.
Figure 5 is a cross sectional full side view of the insertable transducer retainer
assembly of this invention taken through line B-B of Figure 1, showing the
piezoelectric transducer in place in the first opening and resting on a shelf.
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6 WD 02/099852 PCT/ US02/ 08686 Figure 6 is a cross sectional full side view
of the insertable transducer retainer assenbly of this invention taken

t hrough |woe2B9BsDf Figure 1, showi ng the piezoel ectric tpPamgboresssé n pl ace
in the first opening and covered with a protective covering. 5 Figure 7 is
a cross sectional full side view of the insertable transducer retainer of
this inventi on FigReA is werosysectiopal fel sid éﬂlqwgﬁﬁhéﬂ!ﬁeﬂ@%wlﬁﬁ&ugﬁfﬁméner di sk

surnmountin r secti onal

full side 8| ées\%&g?&%ﬁ‘%l nser?&bﬁ;‘kgtp @t}cer (§ er b?h W% i nvention

t aken t hr ougpiekocheetrids ftarstiuder fguplacdin thé vt ngerangtmd doeped wiitls & pifecsive nount i ng
the piezoelectri.c transducer and a protective covering surnounting the
stiffener di¥We™Bggure 9 is a cross sectional full side view of the

i nsertgbl e tranggdieers 4 elodd §H%ﬁoﬂ’il full §ide vieW@Fﬁxé %eﬁt@&i@ﬂaﬁs*&h&éf%‘taidef‘e B-B of

Figure 1, showng a first stifrener disk surnounting the piezoelectric

t ransducer of thisquvagition itfker theough ki BB abEiguieny shcbmnglarsgffenﬁ diski f f ener

di sk, and a Sprot ect i vtgl covering Eru”@untl ng the second stiffener disk.
Figure 10 is" & OPYEE & IS E GPPsUPde view of the insertable transducer

retainer of tIRiguré BUEAEIoRSsdcBlRA) fhinkids SHew bfMBie BisBristle frhfiduer ketaleP¥F Ng a
protective covering over the piezoelectric transducer, and a conpressible

mat eri al di sﬁb@ﬁsl@ﬁentwnttﬁ@ngbr@uglalm@peﬁpﬁljlm Ei S@gWélglalSﬁf@naﬂ”dlélﬁpl oded cross
sect [ 99al 1 b Sl €Ol bR, RRERBLESH Sonel 6 Na0uRL upRRlapgl 1 S

i nvention taken th OW h oni €
surnmount ed bytiffenpt gigloel ectric transducer whi ch is surnounted by a
stiffener disk, which is surmgunted by a_ protective disk. Figure 12 |s a
cross secti onalFigue D is gwsysechonsl felhaide Nisat ok iy inseriaie Haedhcdtariaingest of - 25

this inventigg &, P r tronic
configuration e?}éég%ght%li ggl% %h'p'ﬁeﬁclgr?pr gﬁk S%Wafgﬁplg%g% in the
second openi suymokiting the pRAoélectric trosicape técond ktifferer dsk derméuating thet fivst
[ nserégbl e r%sdu .Elré gtal ner,. of this inventi o t ake %rou h.line B-B of
Figur d51, shoiiingr fifk aad @ Ropteciivepaeie sirmpypng e svcopd SEBFEF diske
pi ezoel ectric tHARSJUEES erods sectional full side view of the insertable transducer retainer of
this invention taken through line B-B of Figure 1, showing a protective covering over
the piezoelectric transducer, and a compressible material disposed in the second
opening
20 Figure 11 is an exploded cross sectional full side view of the piezoelectric
transducer assembly of this invention taken through line A-A showing an electronic
configuration surmounted by a piezoelectric transducer, which is surmounted by a
stiffener disk, which is surmounted by a protective disk.
Figure 12 is a cross sectional full side view of the insertable transducer retainer of
25 this invention taken through line B-B of Figurel, showing an electronic configuration
encapsulated in the compressible material disposed in the second opening.
Figure 13A is a cross sectional full side view of the insertable transducer retainer

of this invention taken through line B-B of Figure 1, showing the use of an adhesive

tape layer to cover the piezoelectric transducer.



WO 02/ 099852 PCT/ US02/ 08686 Figure 13B is a cross sectional full side view
of the insertable transducer retainer of this invention fromFigure 13A in
whi ch t hewe obagsbeen added a stiffener disk 33, shown asPexfisodesdss rom t he
surface of the adhesive tape layer. Figure 14 is a graph show ng the

measur enent of the tj el apsed .bet n.the 5. exhaust .strokes of a gas
punp using the Ftbg'gﬁgéggﬁ?ﬂogs f?ﬁgﬂgﬂgﬁﬁﬁld&“ﬁ%?@ﬁFERFS%?‘?IB .amslégfedlf?t@mf is a
ful'l side vigmhRfin@RioRIRAPEILAES 134 id WRRE hGE hadiscef AREN HRTFrAES diys8s.
Figure 16 is a cross sectional side view of the piezoelectric transducer
assenbl y gasshowifassaploded foguthe sufaces i adhesivetapatasier.or details of the gas
exhaust ports. g Fi i i I compinat.kon of .a gas
punp and t he 1(}:1 |g3%2 %éaplﬁg gxﬁfggglgéﬁ}gg%ugéggéé‘iﬁ%%gh%gua%e dagﬁeéggﬁveggﬂﬁ gure
15, i n5whi chetHaastptrokesadfacdas ipamptusiipstte pRrodsatahysdgas of itiif isentids
attached directly to the exhaust gas stream of the as punp. Figure 18 is

. ‘ ) g
a schematic vi dWWBe 18152l Hids visw adrong pipaeelpeirip transdugerasesrly gag diffuser.

t ransducer assep;?}r - IS L [ : i i.ndj t he
exhaust gas 15 s réellrgnflso%&![o %%ﬁ@%ﬁ%vg%gﬁh@%@%@%#%@%%@

| NVENTI ON Tugasi diffusenof FigutdES, Shgwingthe mtstionidttails efithe gas extangipoets. 1 and 2,
there is shownPa f#l. si de vi_ew, of @a?' zoe| ectfri C transdgcer assenbly 1
of this invent itd#reTHE 8 SIETIHE Ziewy ¢ qngﬂg%ﬂi’@é’r 2333 pHEP\And thes conpri sed of
tWwo SggMent Spiefodl&efd ¥alliGce? Asdelifbile MCATfuses Q)?F%%l‘e £5 3 Whlich tﬁéPﬁ%’eI@dﬁic

i nsertabl e transducer retainer assenbly 2, sal I nsertabl e transducer
retai ner asstasdyce? asreimbly gondiffisasds tfachechdivsstlydo the axhaush gasstreamutfdhale
surface 4, a front 5 and a back 6. The back 6 has centered in it, a hub 7,
the center e H P havi ng a centered opening 8 through the hub back 9 to

acconmodat e  WFRigurk@8asa %heHaﬁM@bﬁi&ﬂﬁﬁﬁéﬂdn%ﬂarg%ﬁ?dH@%d hQiedoskeema i n
Figures 1 and 4), or an 25 electronic configuration 15, show in Figure 11.

The essence Bfnsgnueer apssablef this igwertiogahaids efachel igdirectlyetodhesethgu®@as nf r a.

The piezoel e I.C 10 has a top surface 35, and a bottom surface
36. T%g pi ez%ﬁé{a&ﬁtﬁ%@?gﬁ@@ ucer 10 usually ranges in dianeter from about

0.25 inches to about ZDETAICEAPDESCRIRITONOFa&HE INVEDAION | ess than about

2 inches, and the nost 30 preferred being in the range of about 3 of an
inch to about ﬂwgmﬁwﬁeéheﬁlﬁéreﬁw@#éwﬂb@ga&dﬁwwg%gwdo% CIB 1Bkt 1 i ¢

transducers ffy did ViBwldt picBeR Rk B0 ceLaBOBbI 1! df HRGf¥eRtion. The

piezoelectric transducer assembly 1 is comprised of two segments, a receivable

20 transducer retainer assembly 11 and an insertable transducer retainer assembly 2, said
insertable transducer retainer assembly 2 being comprised of a housing 3, having an
outside surface 4, a front 5, and a back 6. The back 6 has centered in it, a hub 7, the
centered hub 7 having a centered opening 8 through the hub back 9 to accommodate
wire leads 31 from a piezoelectric transducer 10, (shown in Figures 1 and 4), or an

25 electronic configuration 15, shown in Figure 11. The essence of the electronic
configuration 15 will be discussed infra. The piezoelectric transducer 10 has a top
surface 35, and a bottom surface 36.

The piezoelectric transducer 10 usually ranges in diameter from about 0.25 inches
to about 2.5 inches, the preferred size being less than about 2 inches, and the most

30 preferred being in the range of about % of an inch to about 1 1/8 inches. The preferred

thickness of the piezoelectric transducers 10 is in the range of about 0.008 millimeters



8 WD 02/099852 PCT/US02/08686 to 0.20 mllineters, and the nost preferred
range is about 0.01 to 0.05 mllineters, and especially preferred for this
i nvent i orwD92@9988nge of about 0.01 to about 0.03 m |l i mePeraISoyossse

pi ezoel ectric transducers 10 useful in this invention are comercially

br ass. ant pBl Y ALR Aot eV ar e el e AN SO P B B RRliRee 10

bei ng st ai nl ggPespsdiff} preﬁﬁ»ftdrfet ﬂﬁtﬁmeﬁfohltmrm@e@fe&ﬁeeloqltbxbwtef@r red for
overal | performance is stainless steel. Thin 2-layer transducers are the

nmost ver sat i mélligigters. Qﬂxean@zeﬂleomcattamducmel@ um@ul bethissigeeritiorarssi ngl e sheet s

(made up of ca ge used to
extend. A 2- "rﬁ’g‘%‘%aﬁé %cer es t‘r“e ?‘F‘Sﬁg}iiﬁ 1% g?rag&%ands
whi | e the ot bess, hﬁd/pélyﬁeﬁtc mts she ﬁfwe:rﬁedtpimtémrtﬁanad@e@f TosBRingedtainlegsl t o
as benders, binorp or fl exur al elenents.. "Benders" achieve | arge

defl ecti ons S F@JWRP@YIP%U W%C@Hhﬁ’ée&@r@f oygrai performagegiscr oss

secti onal mﬁ? e 1,

t hr ough the ?{Rie)efsigtga exc gg%“%g §Eiu éergl\?\}%?&ei‘g eggié%%é{%nhgﬁfaggoe%%trl c 15
transducer 1Uheynhay be nseddikewingit sheeas(madmufbg’m layetk), theydcdn l@ursedtb Isdmdys t he
interior of the piezoel tr| c@(irag ducer assenbly 1. The insertable

transducer r®% F%%?n]?fs‘ésé CeIProGrees pyKItyre WaAe t he
transggcer rgg a@anmﬁt%x othel B gaaaﬁ@aetsofrhe&%tgdﬁc@&%é §fed REQddNS

opening 21 of "the receiving transducer retainer assenbly . The iInsertable
t ransducer r at lrindess, hmphsl, gr fexugal ctampents e Behddrsisachidvedarge deffectibns 20

whi ch as shown .is . a t of fr ads, but the fastening of the insertable

t ransducer ’\FAEEtt’é’Fﬁ‘ef’ KRIED UCHY the receiving transducer retainer
assenbly 11 can Jguhisa\esks s@éﬁoﬁavwe%maqd pleatRicehicithsdier SBGRBR Sofar €
securely cougled together during use, = but which can be separable for

exani nat i on, Figaps héengh thediner/spaexclusive oftha predeads and fscyicepslecic adhesi ve
can b appll I r e er
retai 2er assgg%sﬁgce%%mﬁl 19& %ﬁ%gt %hﬁ&‘fj \%\g %éeg eaZP%h%W%%é {n?e Og%% woul d
al low the tmmcmeleémcmnhﬁmsmmb@d efRl ihyertaplehansducer retdi!&rht!&nﬁﬂ?ﬂﬁent S
coul d be boIted pi.nned, or screwed together. The manner_ and neans of

fastening théis W@@W&tab@ brsauserthe fransducer retaingr assembly % 5samablieint s
stay toget hepe;diiish%ed RRPMHB opSMing 3Dt MeGe&HNAL BRALIDY BrafteMNsEmBEANS. 30

The insertable transducer retainer assembly 2 is comprised of fastening means 12,

20 which as shown is a set of threads, but the fastening of the insertable transducer
retainer assembly 2 and the receiving transducer retainer assembly 11 can be achieved
by any means in which the two segments are securely coupled together during use,
but which can be separable for examination, replacement, or repair. For example, a
tacky gel or adhesive can be applied to the outside surface 4 of the insertable

25 transducer retainer assembly 2, which would hold the two segments together, but
would allow the two segments to be separated easily by hand, or the two segments
could be bolted, pinned, or screwed together. The manner and means of fastening the
two segments is not critical as long as the two segments stay together during
operation, and are separable by a simple means.

30



9 WD 02/099852 PCT/ US02/ 08686 Wth regard to Figure 3, there is shown in
the interior of the insertable transducer retainer assenbly 2 a first

ci rcul ar wpeniopagsA13, which is located in the front 5 of tReT/USnyessB@bl e
transducer retainer assenbly 2. There is a second opening 16 in the mddle

of the inserta transducer ret.ainer, assenbly 2. j und the first
circul ar openi %ﬁ%rﬁfﬁg‘é@é@ reo‘ﬁéh‘?%mln%e%"g%ﬁ%fj (Tﬁ]té%’é‘rsergbmﬁl@ﬁu?eﬁan t he
di aneter of fohgndriabintly D @UlrHY circBRE Bp&ingl B3, ivhiGH Bebcaidd iRV HE6E Forshe! 14
for supporting the piezoelectric transducer 10 in the insertable

transducer riasertable transdecasirgiainer sxperably 2h d herecio ageeydropaning 4 6iin theguiddlsr t han

the first ci LN i.n.or commmoda o} essi bl e

mat eri al vvhe(lél !égt{s?xg%ﬁ@\{;\rﬁ?s élé(‘?’%rgtﬁmgfej%é%ré@ly %é@t %ge&gﬁeaﬁsg?lﬁag,opggggal SO,
when dgsi r ed13. Thetsecandvpeidgd 6hass ld3seridiimeaathal tetdiandter cfand figutiaddlan t hat
Is desired for the operation of the fpi ezoel ectric_ transducer 10. In

addi tion to PReEIgSinfyderts prayadersshelid far supporimedhepicaeplentric Hansdasers,

whi ch opens ' ' ; ough t he
b 7, and LD e BasdaRe dbher sy g, e 0 Rl fE°IR e
transducer adepethyn thtSiratrcircphes spehihd1t Dingdrdétto acapmemoddge 4 compressiblet t ached
from the pi oPeErEbvRea desirshanich L be d5PbHEm dRERriBrid AbonPhguAERtn 15
2ppr oo at od Sy 1o VE A HEOSP for B9 Sl MBS ety Bae Ry M BRI e
insertable to sghzeﬂemﬁcahnﬁwwﬂﬁ@.assenbly 2 of this invention. There is
shown t he housin . the.first. cirgeular enJ 13, .the seco openi ng 16,
the openi ng 8 Iaedigh Bieindtings L{nells. BN hdfk pnsnitedti BETR . PRER
respective domiBtRhbthefseddid opeLinE NESthlohghiEd bdflom M7 thré WM thoHbS 7 dmdsur f ace
18, of the housing 3, is beveled. It should be noted that the receiving

transducer retifim thesuekfiof thethubak ‘mycuiplendirred iy thdipapdigesasseably, 20 25
at thgsbotto %)?ssg{l ﬂ%ﬁ%ﬁ’&ffé‘é&ﬁ'néﬁv Bk G ﬁ?&i%@:%t*ep&n%ﬁgé e ace 18
of the”insertablé transducer ‘retainer assenbly 2. This arrangemenst al'l ows
for the two useddommeteying.the infdrmation Goithe piczoelociu tansduesaioner thassenbl y 2
and the receiving. transducer retainer assenbly 11 to provide a seal ed
interior whebleetrjc eertigsitiondd- together. The integrity of the seal ed
interior is de . ' g used
o manuf act ur o RS o BT et e BASAEGE sAPF e S AR Gt BF S
viewing Figure 3, which is a full front end view of the insertable transducer retainer

20 assembly 2 of this invention. There is shown the housing 3, the first circular opening
13, the second opening 16, the opening 8 and the shelf 14 provided by the differences
in the respective diameters of the openings 13 and 16.

The front outside surface 18, of the housing 3, is beveled. It should be noted that

the receiving transducer retainer assembly 11 has a complimentary beveled surface 20

25 at the bottom 19 of the opening 21, which mates with the beveled surface 18 of the
insertable transducer retainer assembly 2. This arrangement allows for the two
segments, i.e. the insertable transducer retainer assembly 2 and the receiving
transducer retainer assembly 11 to provide a sealed interior when they are coupled
together. The integrity of the sealed interior is dependent to some extent on the type

30 of materials being used to manufacture the piezoelectric transducer assembly 1,

wherein some materials, because of their inherent compressibility or flexibility

10



wherein some materials, because of their inherent conpressibility or
flexibility 10 WO 02/099852 PCT/ US02/ 08686 provide a good seal at this
| ocat i on,wbuwp/0gse materials do not provide these attri brCEFASOHORIS6
therefore, it is contenplated within the scope of this invention in the

alternative or in comhinatign, to.utjlize a gasket at this juncture to

o ovi do. t he BEXIdR oo en ahtigetiof NP Bedr RS i BBy PPHOSESR] || e n ¢ he
art and can geibukdst arf thSrefork, iMBTonfeRiplR&PIRhB thé Bebpe LA Eis fveRidn/iReBe Of
gasketing which can have circular, rectangular, or other such cross

secti onal codtamaiivaor dmeombinatian, to/utdivg atgasket gt this jpoetniaig prexide tespaling
receiving tr ducgr .retainer ;assenpl A1 can he : From
Figure 2, thlger%geﬁy‘ﬁ%ﬁ!?o%%ﬁ%%%rﬁ kgﬂwglrsﬁgetﬁ%ﬁ%hi%a ]ﬁv\ﬁleeragtl arllllatclgllglr3§]%|’ls\sf%gr(ljc openi ng
29 in she frangs, &6 eahmbleeakibothér@ick fped Of Siketing whicheadherRioguRdg, i s t he
bevel ed surface 20 in the bottom 19 of the_ opening 29 and on the interior
of the openiisgtangulas of piker gichictesp geationplcgubgyrations Phdhey caadedlst.y 11 are the
mat i ng t hreads : ’ JHERR : | r t ransducer
retai ner assenbly Egﬁgﬁggtéﬂ%&ﬁa@@Q% cen %%%ﬂ oééﬁﬁﬁﬁyggf%ﬁg%ﬁgﬁ t he

bott om 19 i ndlervel fiton2Biguid® thetb ishoiwa snelnteassembly 11)evhesdik thefe fant he

recei ving 15 transduce et ajner assenbly 11 and as shown, is configured
wi th a hexageff&iM&ort @rtic BP%@I%,EOW%hat t he pi ezoel ectric transducer
assemppy 1 can G, iR obchidino %m@}aé&ew%&faééz@ir&ﬁéb&m 16Q@enPUNP ot

shown) and conveniently turned nuch like a threaded nut. The centered
openi ng 23 abdpemivg 2Dand diethe steiortof $he epemiriyg 2%hoftheresecivingtpansduagpetainert o t he

opening 29, and j ct t.he piezpel ectric transducer 10,,0F .an 0, .of
certain di skesenabd s e ineaRRads el i s AEROVE Risans 12 SRR ce ¢ e
pul se that irgnsd8&4e&tainer ABEMBIYT. A8 SHF VRl @aferdd sRaMe3aRduBE tirs punp.
Not e shoul d be taken of the saucer-shaped depression 30 in the center of

the bot t om bdttanhd9 e aibnl 240 Thhub 24 incenteserhprethechapl 23 of e 1aBiIvHAS a

surfa area [- ' | '

rel at iqge to e d{slger?fr %%%B%%fg%ﬁig& lfl f\%ﬁ{% ) Bﬁ‘;}gﬁggc&%’g@g@ ég %gplégl[b - l:Etér‘}\sducer
10, sai d surfirfee 26mch dladtlieqistoelectiid\ttangduer adsembly ¢dnecbe fitxige anf from

zero to 1:1, the ratio actually used bei ng dependent qn fhe t%pe Cglh
pi ezoel ect r i ebapshpor fergas pumpi(ggs Ryewmotshe ngeely umed mpycidikess of

the stiffenj ﬂﬂgfgiﬁa K5t Gfe Q@ﬁt@&d%@%ﬂﬁéb?ﬁll&%@forﬁx}e Sitabdiakae ﬁ%!n?ggaso’?’ used,

t he use of an esive tape, an size O e piezoelectric tTransducer
10 bei ng usepumpltd mofe ttd te opening 29, and impact the piezoelectric transducer 10, or any

20 of certain disks that surmount the piezoelectric transducer 10 to provide the pulse that
is needed to monitor the exhaust gas stream from the gas pump.

Note should be taken of the saucer-shaped depression 30 in the center of the
bottom of the opening 29. The saucer-shaped depression 30 has a surface area at the
top of the saucer-shaped depression 30 which is relative to the surface area of the top

25 of the piezoelectric transducer 10, said surface area relationship having a ratio in the
range of from zero to 1:1, the ratio actually used being dependent on the type of
piezoelectric transducer 10 being used, the number and/or the thickness of the
stiffening disks 33 being used, the type of stiffening disks 33 used, the use of an
adhesive tape, and the size of the piezoelectric transducer 10 being used, all of which

30 will be discussed in detail infra. The saucer-shaped depression 30 is a gas expansion

chamber, which essentially allows the diffusion of the incoming exhaust gas stream

11



30 will be discussed in detail infra. The saucer-shaped depression 30 is a
gas expansion chanber, which essentially allows the diffusion of the

i ncom ng wRhawessyas stream 11 WO 02/099852 PCT/ US02/ 08686T/tm02/a886 t he t op
surface 35 of the piezoelectric transducer 10, or any disk or disks, or
adhesi ve tape, surnounting the piezoelectric transducer 10Q. Thus, there is
an i npor t ancasTass ths tepisarfage 3vef tgrmsé@e leciie Hransdueesd Oy ot any disk Qieciskst ofe t op of
t he saucer- (o] nsducer 10,
because |1 (iR 2bunai@inG Her0dRl rhiBuRr 36 BHECGEE AP TCTLETS fot
properly di shrpohtammotp proddingebpproper suhfacaaterdtdtbetweanfthe top giitezeetact ri c

transducer e dlmnl ed. T first, enmbodi nt this | entlon is a
pi ezoel ectri Jegprssign.an ﬁ&é@ﬂﬁf @eflezaﬁls?'efﬁrapr%ﬁrreﬁ beeaig ke pulsse
insertable tﬁr@@ﬁl@&'ﬁ?"ther &l $hs BSRAAYLYs RmhPisthof pRperly aﬁﬁi&@é@{hef ul'l side

view from Figure 2.” The i nsertable transducer rePar ner assembly 2 10 is
shown wi th aestioske thdectpristies ef thetpidzocleettinduushicerl ) arpidithingthedt ri cal | eads

31 and second 16. Fi e 4 is.illustrated .such that th

i ezoel ectric. ARG P o iy fvidion ing BifSERErE arsot i ashelfolyd
suspended abQN&eintFigdidi4Ssholws aty th iRBrtalie fr@iisdaterbtabher mkﬁb@rﬁ Mhadds it is
i ntended that when the transducer is fully assenbl ed pi ezoel ectric

transducer 1@011@1%1& i side sigweldomFigure 2 (The insepable ﬁr@n@cerrrétam@r psseElibpdr t ed
15 by, the shel t
tr an}sltlj{)mgr chn used‘ﬁvﬁggg\?ﬁwd%:e@%{é% (re}gb;ts‘rvg[ﬁg%ucer %6&d31645}1%n0t need

to be prot €C§eeﬁhd dpeming K. Fipine 4 ik ril&rs&dwaenc}crhat the pieseéledtric thasmcaades wher e
t he transducer 10 does not_ need to g{)rot ected fraom harsh r’rtaterl al s and
where | ow prigdseifig gadhs sheleiinButys é‘éFPF egrabgie itn dhisgHustiatinp is fop clay

purposes of &Rk Juiyn soiﬂtende&mapévﬁéf?fﬁ%?ranmgﬁs'fﬁl 0}; gk%grhﬂ%ﬂ%&’f over zero

to about 10 psi. SO or purposes of this inventi um pressure
means i n t hepiezcehegtrid amsdoees $0dd full§ seaedinahe fi20 opsnmgiﬂlﬁl atidh fudly sopporsadr e

t.2 b t | d b t ed, t hat
Thons hbodt inthe ShetB 8 B ishghgn FisSns e abodimonttl ks feriufeepipt [or ¢ e
pi ezoel ect rigsel kdRA @l‘x@%&z&e@ecu‘?@ﬁ'aﬂsaﬁd’e? 10 ﬂo%df ngédstoa{é ﬂi@@@@ﬂ hhﬁth@ thls

transducer 10. Figure shows a cross sectional de view of the

i nsertabl e tirznsdeker ean beusedrin thase smwem th¢ trFmsgluc%‘ 12) doshemfelec@ tsboown t he
i nsertable tr ar ner t he ezoel e

transducer T0PRRERER bivih e PRV Iy bt B R ERRT Rl dtt 1 ca
lead Wires 3dasppg@.n, in this enmbodi ment, the

20 For purposes of this invention, “low pressure” means in the range of over zero to
about 10 psi. Also for purposes of this invention, “medium pressure” means in the
range in excess of 10 to about 20 psi and “high pressure” means in excess of about 20
to about 100 psi. It should be noted that in this embodiment, the opening 16 is devoid
of any backing material for the piezoelectric transducer 10, and there is only gas

25 beneath the transducer 10. Figure 5, shows a cross sectional full side view of the
insertable transducer retainer assembly 2 of Figure 2, there is shown the insertable
transducer retainer assembly 2 with the piezoelectric transducer 10 in place in the first
opening 13, along with the electrical lead wires 31. Again, in this embodiment, the
opening 16 does not have any backing in it except gas, such as air, nitrogen, or carbon

30 dioxide.

12



openi ng 16 does not have any backing in it except gas, such as air,
nitrogen, or carbon 30 dioxide. 12 WD 02/099852 PCT/ US02/ 08686 Turning to
Fi gure 6,woheng9s8ss shown a cross sectional full side viewpofi/ushzod6scert abl e
transducer retainer assenbly 2 of Figure 2, wherein there is shown the
enbodi ment of Figure 5, but there is in place, _in addition, a protective

covering 32, \iweRg o Bigura 6. ¢kere isbomng cioss|seetiongl Bl sidreviev el el ect ri ¢
t d ' | LG At . h h
chon cal o anis TR fhakafid il hBldi03 AT1phe 2 (RASENREE i thowi 127 >

com ng i n freanbédimeneafdiyund, butahaducrarplace] @i additioas s prateyivé tovenipg32ngs.

These protectjve coverings 32 are manufactured from chem cal resjstant
materials, SHBKBREONGH ReIHe & rsyer Wﬁ_tpé%oahegmeﬁémﬁ%m f€end nrgisP s e
trademgrk of pieh fifedii ﬂﬁﬁsdgb? 0 $Rm fsh cHIhiBAIR hPihe 1HRRHENGNS, beldaRiddWy

products manufactured 10 from pol ytetrafl uoroethylene). For exanple,
sim | ar mmat ethegkbaushgds streamdomlingintfeon edrecaviag tahsdictyietmer agemphr bby| ene

or the like, depending on the environgent that. the i ezoel.egtri.

Cr aneducer - QNG Thetp BRasestivg STCGridr A2 Al R B e o F O A
protective cRuRkhRIswR abaeflon’ @ SallathAeRAIS( TSI i PR gPtREPRARSIATK 6f
transducer 10, and the reason for that is that it is required that the

plr otective cthediuBegt f@hemtfpale@-t MalmingtonaRslawers: U s ppdactsimanuiaetred | s
t . ! .
et ai 18"ty DOt D erh{THE A G bliBle, 1o R ok GoRRE, bk

pi ezoel ect ri gretpobradlar] pslgpopileie dr tho ks, depgaiieon théherirenpémnttiedithe/e cover
32 1is used in the piezoelectric transducer asse it i.s believed that

b]

there is no PiEgAlscieHensinger gassmbly hés @En&‘ﬂfédi%t@rshééébélpgﬁﬁ@%é‘%l ed

surfaces 18 gf&‘i’ec?& c&%ﬁg%@ Hagh gé}géﬁﬂ%étér thaf %e%%efe@ﬁfc%r\%@dlﬁefﬁ?%&o
transdu I ere

protect the piezoelectri er n applications oW exhaust
gas pr essur etheacasoh Eomthatus tat it Tareqiing thetihe pradentivh eoverimgddi cowert thef t hi s

i nvention, which is critical cancept for. this invention, there is shown
n F dire 7. GrerstiD mplesds. wldf Fofae ravreiet e ediondu Poser  aol o
transducer I flofdclifE cére 8 Motadnddf bfhﬂd%e“ale%at,&h@b@@e@ﬂ KefabdsCl StAMDUER 25

10, lying on the shelf 14, and the l[))l ezoel ectric transducer 10 is
sur mount ed bthegiezoelettmicitragsdlicekass@nblydt comelsdogethes. ¥henfaprotegtinvi ewesP has a

di i mating. | i mat i ng.the. di f th
oi ezocl ectr| B EraRutnairoatEs il et o st Barsdinder 10 1
seal ed from jdaQirembafof gabRtetit 4t @i intetfaCe Of Gl beGelé®siitfaces!18 and 20. This

20 embodiment is used when there is a need to protect the piezoelectric transducer 10 in

applications where low exhaust gas pressures are being used.

Turning now to another embodiment of this invention, which is a critical concept
for this invention, there is shown in Figure 7, which is a cross sectional full side view
of the insertable transducer retainer assembly 2 of Figure 2, a piezoelectric transducer

25 10, lying on the shelf 14, and the piezoelectric transducer 10 is surmounted by a
stiffening disk 33. Note that the stiffening disk 33 has a diameter approximating or
nearly approximating the diameter of the piezoelectric transducer 10 such that the
piezoelectric transducer 10 is sealed from the exhaust gas stream. The disk is required
to have limited movement at the center of the piezoelectric transducer 10 after the

30 piezoelectric transducer assembly 1 is assembled. In addition to the sealing function,

the disk serves as a “stiffener” for the piezoelectric transducer 10 so that it will not
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to have |imted novenent at the center of the piezoelectric transducer 10
after the 30 piezoelectric transducer assenbly 1 is assenbled. In addition
to the seabiongodssncti on, the disk serves as a "stiffener PCirarso2/bsss6

pi ezoel ectric transducer 10 so that it will not 13 WO 02/099852

PCT/ US02/ 08686 permanently bend out of its flat configuration, but

nor eover, t heersenerthrhend gubef isslatsenfjausation, bllfmlﬂlieéimrtﬁéstlﬁfmﬂfﬁl&l%ﬁponse of

the piezoel egtyiG, L AnRUEr ot ABbRL drind HEARRcrl W LRIRANI6 ohE RARLL Ve

force placed oni rom-t eam er Wor

stiffening dnﬁ’espbase:foqa;&ﬁszea‘mbu plaeed 6101t(itdilﬁ ﬂie%lxhwsegémemaclﬁ bthgr eordshe

pi ezoel ectri ra,nsgé fro annyrcethat deflects it into the
openi ng 16. ﬁﬁﬁ&ﬁ'@&%% T 0 digunish JOW@W%OQWM@SWC‘F’G use

onl'y oge di Sﬁaﬂ%ﬁucéfmgrﬁglﬂah??ex?iaﬁﬁtagﬂ an n@éﬁfeo@emﬁg%f % U Agmbld

protective materi suc so ser as a sti n |sk 33.
It is conte rm'ithlnethe wéoph iofi thihimventiymeto afe blhiysme diskr33i wherem the diskt33fcheni ng

di sks 33 10 hayin cknesses in the r mllineters
(008 | nchesyios b AiguRctra o et By g gorth i Lelon. athelRe S Bt or r e
that the thigkngesdigessn the range of about 0.127 mllineters (0.010
inches) to about 1.016 mllinmeters (0.040 inches), and it is especially
preferred that It h@onﬂ@rnmlaﬁ@tmtbm therscope of thigjavertticalfouse giffmingdisks 3et er s
(0.10 nches 08 mll nete of. t.he v,

depenéh ng onﬂ% '%5‘; e%%“c?f %a[ng? Pg%b0&2§§1%1ﬂ %‘f’sa{ Oéﬂléchteﬁ?%&lg%‘% , and
the nunber oiltibbersl{.65FindRes),unad: i réf&eedomst&ﬁetlﬁghfess:bet inaheueebf assenbl y
1, and the end use application of t pu that the &I ezoel ectric

{7 ansducer  aahosBii37 millimeters 6a0HA iehes) i about 1,046 pbneters (BAH Mchedvandni
Lo SCOPE. 0f kel PIL AR B RENTRE s AR R ine 44 b T 281 Bty anC

that stiffening vari ous al's varia
st acki ng conf0.fuinhakesptus0. ﬁﬁmmblﬁmsl(dmmmdsp aﬂaﬁmﬁmﬂ&m depmémgtdnrtge

condi tions or other ch racteristjcs of th | ectric duc 10 for
di f f elént aB’@FPEEIaFe&? usegite manulagtuze the disks par&fﬁﬂ %éwalga%g%
pol ynmeric maj&qiighs 1&6%1&%2&%&&1&9%&% ﬁﬂ&the HYaRE Q@Iiggﬁtﬁ of the gas

pol ytetrafl urocar bo such as pol ytetrafl aroet hy ene, | ké. These
materi al s typmmpkhaﬁthmao@bn&eltmnmﬂt aaseIﬁBIya]mcasssbcmgﬁdt\mtIASTM D638 in the

e %For pol yet Hyisalte ConmAHES it Sopp SR GRB D Gigst HoR BB 88 psi 1 o
the fluori na&tﬁvenﬁng YSess anﬂhupgtimt@chlmlmwvaﬁs@ﬂyp@s STehA6HA6in a

20 variable stacking configurations can be used herein to accommodate operating

conditions or other characteristics of the piezoelectric transducer 10 for different
applications. The disks are preferably manufactured from polymeric materials, for
example, polyethylene, polypropylene, polytetraflurocarbons, such as
polytetrafluroethylene, and the like. These materials typically have Tensile Modulus

25 according to ASTM D638 in the range of 130,000 to 250,000 psi for the
polypropylene, 25,000 to 130,000 pst for polyethylene, and in the range of 38,000 to
about 110,000 psi for the fluorinated polymers. Fluorinated polymers can be selected
from materials such as polytetrafluoroethylene, fluorinated- ethylenepropylene,
perfluoroalkoxys, polychlorotrifluoroethylene, ethylene tetrafluoroethylene, and

30 polyvinylidene fluoride, as long as the material is a solid. Especially preferred are
polyethylene, polypropylene, and polytetrafluoroethylene. It is contemplated within
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frommaterials such as pol ytetrafl uoroethyl ene, fluorinated-

et hyl enepr opyl ene, perfl uoroal koxys, polychlorotrifluoroethyl ene, ethylene
t etraf | uowoakkyisene, and 30 pol yvinylidene fluoride, as PCRGSaB0g6RE
material is a solid. Especially preferred are polyethylene, polypropyl ene,

and pol ytetrafl uoroeft h%Lene.. It is ﬁonte | ated within.14 \WQ OM@B&SZ

PCT/ US02/ 08686 SCQnfT {3 gyeption i useisiicang pohmers havimessimilanFrosily §Mhavi ng
simlar Tensiykead¥adilsniood o 88,060,'8R&@. of 50,000 to 80,000, as well. The
nunber of, the type of, and the total thickness of the stiffening disk or

di sks 33 to bd&heswthbenof, B ties of; andithe totabimickneisrmiltiee stdfmingrdisihodiskshe
stiffening di 33 15 e . placed. in a piezqel ectri r ducet. a nbly 1,
oper bty ot t AL e b LG RRARY i FhER e ¥ Wbl the SRR IESSE oL
of thespartigyg ce@ﬁf@gia%d]@tﬁéesﬂsadcermnmuﬁmjmramy@tﬁchmgm@ich the punp

activity as indicated by the exhaust gas versus the action of the
transducer | Biegaelgofrigitranpapesr asssabnk i the sxhanstiofihe patticulas pyep beilgcessary to

have protect) f wﬁ | | ect 1| Hﬂp cer. . N |red to
10 use nedi u{r%gt?%’ af(gllﬁg exggﬁegs?ﬁlg‘g@%%kﬁeé sur egcfmﬁﬁ a%r #%#%&We@eg%%%gf ant of
t hi s 1 nvent i wisuskh@adtivpnSoansducet dsschaged.t This @mbodinhent & whed wihewvitd$ ndthe

I nsertabl e transducer, retai ner assenb|y of, Figure 2, i}n Whi ch ;ﬁgere S
addi ti onal | yDGSRESRRY torhave peosesdioa dorthe piezasiedtie transdycernl Op butdbisidgsipgddor j r st
openi 13 g t he piezoelectric transducer 10
bei ngqgurrmut;;z\ét%fa}%&fg?{l:;[1(151%gmgatx%1 (ta%%reﬂrgslss 33, and then a protective cover 32
covering the sthfétomethed emboditentTof this ivvdntidhigigtrei Sshoesiaraeoss sbaivnahfall

application require hat i um to hi gh exhaus as..pressures. are being

ioed, and "t hESEHsM e Rier bl isd oot flanpr e aDly o Qe 2 iR ey 10 be
protected. FsgdiRioRallshotvnithe pRIBASHAE Rhndducdr 19Uh Pl e i tHedREt dpBAIE 1S Shown
multiple layers 20 of stiffener disks 33, the reason being that these are

used in exhaustresting an thh shelebs uhepicggeliciicirinsducer TAdemgrsimennded ha shown i n

o Pr onmo AL D e il A o b 7 vl iy B RE RS 1

pi ezoel ect ri embsdimenis desifdd winmdhe hplictic Ryeikésatat redindaobightsthiist gas hi gh
pressure applications, the piezoelectric transducer 10 25 may. need support

other than t PERESURSGY? being ygeds and the gnyimonment seaiires thet Hiepiezeekertigr e 10,

there is sho sﬁu&?%%e%‘?&&ét@&‘.al full side view of the insertable
t ransducer retal ner

Figure 9 shows the embodiment of Figure 8, except there is shown multiple layers

G )

20 of stiffener disks 33, the reason being that these are used in exhaust gas high pressure
applications. The configuration shown in Figure 9 also shows a protective covering
32, which would be necessary in an environment where the exhaust gas pressures are
high and the piezoelectric transducer 10 needs to be protected.

For some medium to high pressure applications, the piezoelectric transducer 10

25 may need support other than that provided by resting on the shelf 14 and in Figure 10,
there is shown a cross sectional full side view of the insertable transducer retainer
assembly 2 of Figure 2 in which there is shown a compressible material 34 located in
the second opening 16. This compressible material 34 is capable of compressing to
the extent that the piezoelectric transducer 10 deflects into the opening 16, but does

30 not compress to the extent that the piezoelectric transducer 10 bursts from its position

or is pushed from the shelf 14 and into the opening 16. The compressible material
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assenbly 2 of Figure 2 in which there is showmn a conpressible material 34

| ocated in the second opening 16. This conpressible material 34 is capable
of conpreweingIess2 the extent that the piezoel ectric tran®dmasn2/dasedef| ects
into the opening 16, but does 30 not conpress to the extent that the

i ezoel ectric,transduger 10 hQursts fromits position .or.is shed fromthe
et s 14 anIaor ALl or e Bomays st e Rt Hplichtions vb& oo 3800505
PCT/ US02/ 08688, Tehicalty thiS nalerie® RO Was®bmédiedr ge;uﬁarbﬁiu&eaﬂdlﬁge{w Rapbessure

applications up to about 100 psi. Typically, is material is an
el ast oreri ¢ tslecipsl fremd othelr ipolymeerpgichas fluptppolyamery aretbasies,capeics.ragiliss.her

pol yners sucp . as._f{d yoropol [S..:. .U et hane POXi €S, a lics ol yvi nyl
al cohol s, an@o lmp;lvziiﬁ%oﬁ)sagéﬁ?lg@y{ s efsofursl%lﬁé] efaej\?‘/?/?v' %‘f*ﬁ%mﬁ%@ﬁé’f of 5
suppor §i ng t fipppitkigakd piekddlectiic BARdUCS 0 ReRheuRBirscHbA DI fleglitRlcetrid he

pi ezoel ectric transducer 10 and hel ps prevent the piezoel ectric transducer
assenbly 1 framwduees|lP and belps prryentithe pieheeleciria trangdugsr ssseably Asom nent  of
this inventiﬂlgfuwﬁoﬁﬂ?j s shown in Figure 11, there is shown an expl oded
Cross sectiona} u I de view of the piezoelectric 10 transducer assenbly
1 of Figure 1, Twmiad thstill aedierendolinesht bbthismetinawhizhde stioewn i Figure

configuration 15 in the openi 6. As shown, the electronjc configuration
15 has !ead§1=é§erf Wiowiﬁﬁiar%#&ﬂe%ﬂéﬁlﬁamw? € PSRORIFSITIE or ¢ he
appl i ggti on i, Wies Bssehibfy PLBERRLEE tWhich BM&%H%\ffﬂliﬁéEﬁ%‘?ﬁ@ & ah dISctRRBENY

used. The el ectronic configuration’ 15 can be placed anywnere in the
openi ng 16, ¢anfigoramopllé in thesapenmgdié. tAssshbwing tnelettrotic ebnfigreations By haxbl e

t d t ai | i | ded..by. the ..
Compr eas bl eleni o faf &8 alficiba £ o G B et SPSwR R T Bt CKionds whighy
invention, thR fi€boletERARLSAREPASMPBANS baiy 8@ STIN@Edtonic @RakkERtoR"

simlar material that will allow the piezoelectric transducer I0 to nove
into it in U eanche plaeadamywhers in the qnehingdl 6f fasexampleeseigngen gadotiomtife gas
punp, ile £ | Lezoel I .Cytrans r..10 f.r ermanent |y
bendi rlléln or %ﬁtp gfn%lg%ghéﬁgnﬁt%g%ﬁﬁgmf ﬁgsesé{l}%blgzr’torgtrc&%d&geas entdﬁ‘gg]%%éelf 14. The
conpr essi bl ecommpressibit ndderiab 34 tasphewh iy Figagdiwhen t he gas pressure on the
punp exceeds about 20 psi_and up . to about 100 psi. Gas pressures bel ow
about 20 psi dd'onsHDesssH|this inventipn.dhe team | sempressiblye megngnydaskmactigat er i al

%49 y r2 2 1-2 ir CediRdY &L siRNA Al SRAN Mo the blizSelbdiE BahQRcdodh rhsveSA@WN 11

it in direct response to the pulses from the exhaust gas of the gas pump, while

20 preventing the piezoelectric transducer 10 from permanently bending, or bursting, or
leaving the support provided by the shelf 14. The compressible material 34 is
typically used when the gas pressure on the pump exceeds about 20 psi and up to
about 100 psi. Gas pressures below about 20 psi do not normally require the use of
the compressible material 34.

25 There is yet another embodiment of this invention which is shown in Figure 13A
in which an adhesive tape 45 surmounts the piezoelectric transducer 10. One purpose
for the use of the adhesive tape 45 is to hold the piezoelectric transducer 10 solidly on
the shelf 14 and to help diffuse the pulse of the exhaust gas evenly over the
piezoelectric transducer 10. For purposes of this invention, the type of adhesive tape

30 45 is not overly critical, and any adhesive tape 5 that fixes the piezoelectric
transducer 10 in place and effectively distributes the effect of the pulse from the
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i n which an adhesive tape 45 surnounts the piezoelectric transducer 10. One
purpose for the use of the adhesive tape 45 is to hold the piezoelectric
transducewod/0%1s5t dly on the shelf 14 and to hel p diffusecrhusopodese of the
exhaust gas evenly over the piezoelectric transducer 10. For purposes of
this invention, the type of adhesive tape 30 45 is not overly critical,
and any adhesthaustgapevenly eiver the pigzoelaglriqirapdeges df caxbe vsednSpasreh 10 in

pl ace and ef . - Oh ' ; . WO
02/ 099852 P%B%%é‘ggéﬂ‘{e‘{x‘%%s abté’g? g‘{ﬁeﬁﬁ/ﬂ‘%@%&w fl‘}‘?gcz g elrgﬁ’gj"g
transducer lfheback. Beshogkiche fonal thaichest @aiiessiry eclicied bysnakedd aume thaptheof about
3to 8 ml thjckness, wth an acrylic adhesive o t he back, It should be
noted that b Sl?’%@?t“?“&&_@“%b’ﬁ?%%% ISH@W toég?@ﬂsﬁﬁgcec?féhe adhesi ve tape
45 uni or ypi%ﬁ‘(%ﬁ&ﬂ%ﬂ%ﬂli%e? lgg@quqﬂ' dsQhé R ehtBPh&Ehl @f Gs@ftain Snyadhesive

pi ezoel ectric transducer ar as the inventor herein can ascertain,
any adhesi vetape apléswificé fadhit apglidation,tasilenggspt wihadhere, todke pienaplentrid t  wi | |

dh to th ' | ectri t d f dt 11 i I
evenl y acr os SIS Pt e trapi, FRRd i PRy St e PR SHRSUGE ¢ ape
i's not used, girki8e g BRMHAhYsIVY tape Rlrok hse&l?ﬂié%@éeﬁﬂ?r Skt SidtateRSMBERApt he top

surface of the piezoelectric transducer 10, and whatever may be the 10
mat eri al sur bedween thg tethsurfice ebhepiazoplectric Arnsilueer 101 ond whatevier ragsebg thehat i n

certai B appl i o) pﬁm&ﬁtﬁ}gﬁtﬁéi 1%90413%“[1??%&;53 Q0t he piezoelectric

.
transducer 10, %lﬁen onée ¢ rimoun esive tape 45 with a stiffener

di sk 33 manuf actldrieélefenothal Bf deftin applitdiink, prétectich ik aesdedor the Fi gure 13B.
The housing parts of the piezogelectric transducer assenbly, along with any

15 connect or RieZagiretricizansineer 10, ther epseanpirmentt thiadhasiva PP 45 Mathet | al t hat
has suffici enleronst 58098 B}]&ﬁ%ﬁw&?ﬁ mtl%?lohﬁécf%é‘ﬁke C&@&Mﬁ-}?ﬁ%%ﬁ?te“ al's
the the end u at the

shoul d be selected on asis o se dpplication f
pi ezoel ectri c thhahedsing pasaithd pigzesietttit ransdssay asseidly, alomg wikh &nybe used

for, glong with the co f such materials, their handleability,.

dur 2P Ty, EBEHSSaB e ke RRRHHHEBo B SOBdamtal di BPiiione 1 or
20 exanpl e, QRIVAIB%L thB RA¥RELESIeAts P Buch nvtéddadR iy siREed il ect ed
from polytetrafl uoroethyl ene, fluorinated ethyl enepropyl ene,

per f | uor oal ktheypesis ofthieyeot use applicationthatthe plesoriccteie trgmsdneer assembly and the
et a1 or ool st S RRNCILOY L S50, LSR5 o ShABRRIRZRHET 5. 1Y O
al um num andh£RPBIlity, durability, processability and machineability. Such materials can be, for

20 example, polyethylene, polypropylene, polyfluorinated polymers selected from
polytetrafluoroethylene, fluorinated ethylenepropylene, perfluoroalkoxys,
polychlorotrifluoroethylene, ethylene tetrafluoroethylene and polyvinylidene fluoride,
silicone polymers, nylon, synthetic resins, metals selected from aluminum, copper,
and alloys of aluminum and copper.

25 Turning now to another embodiment of this invention, there is a method of
monitoring a gas pump, the method comprising two steps, the first step of providing a
gas pump that has a piezoelectric transducer assembly operably attached to the
exhaust outlet of a gas pump such that the exhaust pulses of the gas pump impact
directly or indirectly, the piezoelectric transducer of the piezoelectric transducer

30 assembly and step two, measuring the time elapsed between the exhaust strokes such

that the number of strokes per unit of time can be determined. In an analogous
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25 Turning now to anot her enbodi nent of this invention, there is a nethod
of nonitoring a gas punp, the nethod conprising two steps, the first step
of provi dwog@2@998§as punp that has a piezoel ectric transdu®en/isexessié y
operably attached to the exhaust outlet of a gas punp such that the
exhaust pul ses of the gas punp inpact directly or indirectly, the

pi ezoel ect r i Bethpd thergdesn third sten witielyis dheadiystmentof teepiren impot gasflamioy and
t t | t hat
the’ nunber ot o BubBinb il ARG GeloERId bR SHRANna) EPUES el | 1°

17 WO 02/ 099 apse@6aivide OBH0st strelkdsod, there is athird step, which is the

adj ust nent of e_pu i nput owto t he, punp i nfo nornal
wor ki ng order, heﬁuriﬂ%ﬁﬁxamp npq:ﬁ;rpgﬁégezogfeaggced bet ween

the exhaust ﬁéxfs@ﬂf&?to%@%xhﬂié%f {)1 ’ﬁrﬁéx%x}é?sthé B&iﬂglsorﬂﬁa%??g&hu &d the
connecting a piezoelectric 5 tra cer to the exhaust o puhp. However,
t he punp is tmaisdecegassembiyp] obithe indtant mveaheldwaenotasséﬁbtqin 1Thé ptidreart nst ant

inventionvva not u iQ. Th L QL t, . |ce | osed in U S.
bt ent 5. c5atesis: ag flofedGh T ull 555 357 9t iyl Wifus R T WG s pl ay
the progressgighal & JRFl. m&&@gﬁﬁo@d‘%ﬁﬁm%sﬁmﬁsﬂﬁt dove thdvabilii  upon
establishing a substantial vacuum w thin'the package bei ng evacuated. 10

The t ransducteﬂnragmwta,bhtlueg atsHbstamtial awunw@mnrthﬁm@k@&b%n@wcwc@es to
est ab h a t el he out put
From the i notthPrsfyed Helton) § ofuRIHSAR B AANEULELs el s RIR sl AS, 24 P

speci fic, asdlgnaltd‘mqw Ité @ perdoiial dembGier, forl dxafil. t T butH ﬁoaxkthegnsttm tine

measurenents, i.e., neasuri ng the tinme el apsed between the exhaust
strokes, thelr#nsfussr agsembly b kSeteneéveqﬁﬁ polgyessPresPERc.S i1 theguias eridedige. and
in this nmanngr e ng, and if
mal f uncti Onrﬁlgadd?t%onéﬂﬁt%ﬁxgd@%ﬁé{[@ gég%}regnshutl%)é\rﬁmg to gﬂg/tgﬁtéyggér?gge to the
manuf act ur i nigeteeerothb erhayspitiokas, ithesumber wii sitdkes tpet snibef tige uarebk | n general ,
if the_ ti m bet en e aust stroke creas f | ow decreas whi ch

i ght 1B duedRgmaned: Al QLA R € G RSB 8 OIS S EBIE f od 1o
the gas punpandGf niaﬁ%néﬁdﬁ%g ZQak bk aWusRd, drfshhihovid t@'ﬂ?@ve%?&éﬁﬁé‘gé t§Raust
strokes decreases, this indicates an increase in flow and problens wth
punp tr ans dumensfagnring neolhcwhpﬁlomhatngrb@hnmtbhmgpu@ Ingenenahaf theke. By
rmnrtorrngthen er of stro per uni &Lethe fl ow

rate of the %}p& etnheé;'hgrw Inaﬁree{stxlse&lﬁwncbecreasés TN migh eto

plugged filter, or changes in gas pressure being fed to the gas pump, or the like.

20 Likewise, if the timing between exhaust strokes decreases, this indicates an increase
in flow and problems with pump transducers or line pressure changes to the pump, or
the like. By monitoring the number of strokes per unit of time, one can gauge the
flow rate of the pump and thereby control the pump.

Turning now to Figure 17, there is shown a schematic of a gas pump 38, which

25 has attached directly to the gas exhaust 39 of the pump, the piezoelectric transducer
assembly 1 of this invention configured as a gas diffuser 40. The gas diffuser 40 can
be observed from Figure 15, wherein there is shown a full side view of the
piezoelectric transducer assembly 1 of this invention in a configuration of the gas
diffuser 40, showing the exhaust ports 41 for the exhaust gas from the gas pump 38.

30
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Turning nowto Figure 17, there is showmn a schematic of a gas punp 38,
which 25 has attached directly to the gas exhaust 39 of the punp, the
pi ezoel ecwoioe/o998ansducer assenbly 1 of this invention coRCIrgisnzeess a gas
di ffuser 40. The gas diffuser 40 can be observed from Figure 15, wherein
there is shown _a full side view of the E)i,ezoel ectric . transducer assenbly 1
of this invent ifégnre A6 shewna crgsy sactional dull side vigssof the piegedecto transdgestng  t he

exhaust port . f A6 ;

02/ 099852 Péféég@%@g@sééﬁﬁ%g%%ﬁss h%ﬁ’s%g%@?g’gg W %%ﬁ%ﬁ@%l“ﬁ%“%e vi ew
of the pi ezotheeghaustpdntsdisiathemtais émfoyng athedilddeneat of4be ethaustgpores 415s
through line CC..i ich tEe cgnst uct 'hon of tgg e%iﬁau t ports 41 in the
interior is RHGHHCalTRRIOpE 8% ayst rpmd BRITRISEP pottE OFF it ententiec it cal |
as |ong as thgcaxiapsi déﬁﬁé&gﬂoh@@ G ORiPimiingSorPihk P&Helearie 'ﬁraﬁ%dutcgiel_(ﬁ

saucer - shaped depression 30, di ffuse and i'npi nge on the piezoelectric
transducer 1@ther dirediky odindettlyythranghistiffemes disky 38 land/oyhroadtiive eprearings ks 33

and/ or protectjve coverjngs,32 and/.or hesj ye tapes 45, .and then all owed
o ext 1 "t he. PR AT 209 eRBAIPHeR T SEL YR a G (B 8RS  n
through the iq3s@plyall withdukegkiieShg hedhiRe ind&EMIdirinsddeer kdtainbt Sssepapiger . t he
gas diffuser 40 can exhaust the exhaust gas, while maintaining 10 the

integrity of2+Indhigimsansper, thetgas diffyssndQeancgxhawst therxbhavst g while nesinaingng ng t he
f th 8 . t i i th
orezotPect r i DetRBaRYTR BvEARIAR n GRS 1Y, TDREhG 3ROSR B8 b, 1°

to the punp B8m thogaphedPss doésrot séversts tupst tirsperdtionf the giézoklicsici nvent i on
can al so be hooked operably to the punp indirectl ch as is shown in

Figure 18, wh#hsdpeerapembly & Figuss balse #@Wsal,et?(%t%s REHEPI3S; the gas
inlet port 42, ]‘l@%i%@%g@i@%}aﬁ?&lﬁﬁ?éss{:lhﬂﬁes‘?‘lgofthﬁ'?ﬂv&tigﬁ%aﬁhlts{) be gé%k"ea for the

punp gas exhaust 11 ne ere is also shown the placenen
pi ezoel ect ri apdratip saithepumpsindinditly, 4tch asis shown it Feguwra pSbivhéreip tdre isexhaust i ng

as exhaust throu it, ich is attached he hayst

Pne 48" 20 T haPRER S hehgunts M iaehpar b rulh 85 SRhudta Bhen i
is desired tgng 4l Al 45 6 ﬁégﬁﬁ?'&kﬂaﬁsﬁliﬁf’@d%{e RakRHbYn thd r om t he
direct hook up with the punp 38. In this manner,_gas line 44, |eading from

t he punp gasples¢mensiof hipiezoelectrip drangsucensnstanhlyild, doeapabiditeeibl y 11 can
be a fong i Q}ﬁiaugtlr}gg gtag lfasﬁmtphe?(hglils? %hcl)‘glllﬁlcitt,r\g/’h(ich is attached to the pump gas exhaust
line 39.
20 The indirect configuration shown in Figure 18 is useful when it is desired to
dislocate the piezoelectric transducer assembly 1 from the direct hook up with the
pump 38. In this manner, gas line 44, leading from the pump gas exhaust line to the
piezoelectric transducer assembly 11 can be a long line, and thus the piezoelectric
transducer 10 can be dislocated a long distance from the pump 38 and the operations
25 of the manufacturing to which the pump 38 is an accessory.

30
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transducer 10 can be dislocated a | ong distance fromthe punp 38 and the
operations 25 of the manufacturing to which the punp 38 is an accessory.

30 19 WO wp/00e¥B52 PCT/ US02/ 08686 What is clained is: 1. PATAISeZassBectri c
transducer assenbly conprising: an insertable transducer retainer assenbly
conprising a_housing having an outside surface, a front and a back, said
back havi ng Wit scdmeddsein, a hub, said 5 centered hub havi ng a centered

openi ng t her et i ing integrally connected to

sai d retaine? 2%@%%@?%?82a?%gggggéﬁéﬁgﬁgﬁgg%ﬁhgving a fastening neans

t hereon and a taapeseetdblerntantduest etaiter @bsembly esraprising a Roghig leaig amsert abl e

transducer retainer _assenbl aving a. fir circular opening . in the front,

said first cPutside é‘frf%ﬁ?eﬁggﬁy_ l??ﬁﬂasat‘{ #@gli‘&?’mﬁicéﬁtﬁ’@ﬂ {Pied P\‘%ﬁ@’gucer

di spossd  10cdHeELhb nathela BLRERE bpEing hetdROAEN GRI sl riliedniaPbdingn Sur f ace
ectric Transducér ha

and a top surface, sald plezoe ving electrical™ Il eads
connect ed t ointégeallyotannecteditof agkretaitprmsssinbly, ssidomtidaomefacanaving & festeingnt |

deeper than the first circul ar eni ng. and hayi ng. | esser di aneter than
the di aret er MSrtherepr A  Bopted tignt gRGide egeupteaettieledsed opening in 15 the
centered hub cqpidiinssriaBleQmbdicetaihdtUsichtly HikGRE a Figdt 3irBEAr Gsehfipah ¥hd10usi ng
and opening into the second opening to provide a continuous channel

t hrough t he freathsald fiest crewlar eraningshaving acirdvlar piszpelscinie tahsdukertdisposedcei vi ng

transdygcer rgtalner. l.y. conpei Si .a h N aid.recel Vi.n .
transggcer re¢%¥g§?d§§§%%E?§“ﬂcﬁ%@%%}ﬁ%ﬁ&%ﬁBQ%kPgﬁ@§§ﬁ%dgﬁ§%§ﬁ?“%ﬁ%m%ack
havi ng 20 cepicgdctstitidi@usidice having iclicitablehds dopuedteditotthe beitdin sedadd recei vi ng

transducer retainer hub having a back and a front and being | esser in
di amet er t hathete®b di aneter of the recei ving transducer retainer assenbly

housing, the fr.oal,pf %p'r‘??ir{% iﬁggeie%(\ﬁjltp@ee EARZIHESrst c}{ﬂl?{élrﬂl‘ Hﬁ%ntjlgmv}’n ving

| ocated therein an op recerving trans ner assenbly
openi ng havi legseadiametiarrthar the didnaster cftle Arsbatdubarioptiiag) the eentercd dpersing frace

havi ng_di spoged t hereon, fast.ening negns conpatible with t f ast eni ng
means 181 ¢ heﬁxeﬁslétﬁeéﬁ}ug coPULBBER P e LA ARt T a3 St Mvi ng a
tapered cirghter Bl halse @M Spating KSpld9ide @Bontinuous channel through the

transducer retainer assembly that exits at the hub;

a receiving transducer retainer assembly comprising a housing, said receiving
transducer retainer assembly housing having a front and a back, the back having
20 centered therein a hub integrally mounted thereon, said receiving transducer retainer
hub having a back and a front and being lesser in diameter than the diameter of the
receiving transducer retainer assembly housing, the front of said receiving transducer
retainer assembly having located therein an opening, said receiving transducer
retainer assembly opening having an interior surface and a bottom; the interior
25 surface having disposed thereon, fastening means compatible with the fastening
means of the insertable transducer retainer assembly, said opening having a tapered
circumferential edge at the bottom;
a saucer-like depression below the bottom of the opening in the receiving
transducer retainer assembly, said saucer-like depression having a bottom, the surface

30 area of the top of the saucer-like depression being relative to the surface area of the
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a saucer-like depression below the bottomof the opening in the receiving
transducer retainer assenbly, said saucer-like depression having a bottom
t he surfawe 028®ssr ea of the top of the saucer-I|ike depres®Corushz8sg6
relative to the surface area of the 20 WD 02/099852 PCT/ US02/ 08686 top of
the piezoelectric transducer, said surface area relationship having a ratio
in the rang©epref thepiggoslaclia transdycer, saidisarfaes @ae mbalionslyp havine epatin By them of

t he saucer-1] ' tough the center of the receiving transducer
ret ai ner hubf,ahgﬁgpﬁ?ﬁ?élrgr@o %‘ “the receiving transducer 5 retainer hub

havi ng an adapta chgnimsbahepehirg faciapid bugtohhef the saicei-like depaessbndkrougletiei ner
assenbly to a punp,, said pu bei ng a.gas pupp, . 10 20. 25 30, 21 WO
02/ 099852 Pw&ggﬂwﬁ%mggp@ﬁ@%ﬁg r@%‘%‘ g‘E@r‘H@W@%&% a@efFC%’&‘Q% fgpsAuger
claimeg in CleafifrhubhaViibGh aHARIES héns rSRapiERE tecefting BABHUQD Fethe €Cli Ve
di sk surnmounting the piezoelectric transducer.” 3. The piezoelectric
transducer assemblyyto apuoipasaie guing belngiagas pumpwhi ch there is al so present
at | east one stiffener disk surmounting the piezoelectric transducer. 5 4.
The piezoel ectric transducer assenbly as clained in claim1 in which there
is also present an adhesive tape surnounting the piezoelectric transducer.
5. The piezoelectric transducer assenbly as clainmed in claim3 wherein the
stiffener disk is surnounted by a protective disk. 6. The piezoelectric
transgycer assenbly as clained in claim4 wherein the 10 adhesive tape is
surnounted by a protective disk. 7. The piezoelectric transducer assenbly
as clainmed in claiml in which there is additionally present a
conpressible material in the second opening. 8. The piezoel ectric
transducer assenbly as clainmed in claim7 wherein the conpressible
material is selected froma group consisting essentially of:

15

20
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15 (i) silicone polynmer, (ii) urethane polyner, (iii) epoxy polymer,
(iv) acrylic polynmer, (v) fluoropolyners, 20 (vi) polyvinyl alcohol

pol ynmer, wod2/099851 ) pol yvinyl acetate polyner. 9. The pi ePo&ES02/08686
transducer assenbly as clainmed in claim2 in which there is additionally
present a conpressible material_ in the second, opening. 10. The

pi ezoel ectrid t Ahapigedectys fapslugerassembly apelaimedinglammol pHuhieh thergmis 25
conpressi bl e Lal, i . b SEI . Lal Iy of:
(1) st 15 cone® pap eyt el en A SuBbih DL UBIuERaRILE 1Y D)
acrylic pol y3rer Tha@idzugledtiiv tranginbyrmsenbly 32 cMih&PQPARSPinREHCIBRPY 88686
(vi) polyvinyl alcohol. polyner.,. and. (vi i al yvi nyl acetate polyner. 11.
The' pi ezoel & B9 PIESEH 2Hlstiof sa@%@ﬁg}%sagﬁ%ﬁ&rlé&& QS cGfrifs G ich there
|'s additiongl | yhRLRSBALCHC HANRNBESHs /1P RS Shindld intI4iRe] HEFREE HRRERI Ng. 5
12. The piezoelectric transducer assenbly as clained in claim1l wherein

the conpr esasdpresend te aildsiviedagedusmoentingrtherpizzepleninic temsliedri ng essential |y
of . (i) siligon ol ro. (ii),uretha olynmer,. (i.ili X ol ymer, 10
(iv) acrylic 'poﬁ?}‘grﬂe?égafwc%aﬂ 6P rﬁ‘%?‘S ‘(’]éﬁe%’gl%ﬂé/wﬁgﬁeg%thgl pol yner,
and (Vvii) paiffenendisk act@bente@by Apfotectide didke pi ezoel ectric transducer

assenbly as clainmed in claim4 in which there is_. . .
6. The piezoelectric transducer assembly as claimed in claim 4 wherein the

10 adhesive tape is surmounted by a protective disk.
7. The piezoelectric transducer assembly as claimed in claim 1 in which there is
additionally present a compressible material in the second opening.
8. The piezoelectric transducer assembly as claimed in claim 7 wherein the
compressible material is selected from a group consisting essentially of:
15 (i) silicone polymer,
(i) urethane polymer,
(iii) epoxy polymer,
(iv) acrylic polymer,
(v) fluoropolymers,
20 (vi) polyvinyl alcohol polymer, and
(vii) polyvinyl acetate polymer.
9. The piezoelectric transducer assembly as claimed in claim 2 in which there is
additionally present a compressible material in the second opening.
10. The piezoelectric transducer assembly as claimed in claim 9 wherein the
25 compressible material is selected from a group consisting essentially of:
(i) silicone polymer,
(ii) urethane polymer,
(iii) epoxy polymer,
(iv) acrylic polymer,
30 (v) fluoropolymers,
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15 additionally present a conpressible material in the second opening. 14.
The piezoel ectric transducer assenbly as clainmed in claim13 wherein the
conpressiwDe20p4882 i al is selected froma group consi sti ngPesasn/osaié y of .
(i) silicone polymer, (ii) urethane polynmer, 20 (iii) epoxy polymer, (iv)

acrylic polyner, (v) fluoropol yners,. (vi | yyi nyl cohol pol yner, and
(vii) polyvinyl acetate pol ym.ilP’I)'S ?gﬁ'k_(?(yi/ﬁ‘l)ﬁ%ﬁglpé)z/y@é%eﬂadn c transducer
assenbly as clainmed in clai m 4y peliviRy hdedie pblmeaddi tional Iy present a
conpressi ble material in the second opening. 16. The piezoelectric

transducer abbenBhgpiggodpetripiraniducenagsembly anplainesdintcham Tisrphiek diets i

material is .ect a . 1 St i .y of (i) silicone
pol yner, 3o§‘ﬁ‘ﬁ§3c“a§§é’%?§ﬁr?ea%%@gn§%bﬁgﬂ%‘|| ﬂ%%i%%ﬁéfﬁ%% 23 WD 02/ 099852
P|CT/ ES?Z/ 0|868:5 (rha)d)iea((sélyéﬂie tralﬁ)ddw&ralsse&nﬁly bid claﬁmhhl in\chediosl 1 whérginphe yvi nyl

al cohol pol yner, an Vii).polyvin acetate polyner. 5 17. A

pi ezoel ectr i eomﬁrsmldag@ﬁe!@i wvdﬁ%aig&tw&naﬁt%%%ﬁt@ﬂwf% ransducer
retai ner assenbly conprising g;hoygi ing an outside surface, a front
and a back, said back having 3@nt%§%§ggﬂ§¥gﬁh, a hub, said centered hub
havi ng a centered openi ng t her(@) huethghe polgmegi d cent ered hub being 10
integrally connected to said retai ner assenbly, said outside surface having
a fastening means thereon andid FROF¥PAF™MSTont outsi de circunferenti al
edge; 1gai d i nsertable transduqay AL} fpfymassenbly having a first circul ar
opening in the front, said first circular opening having a circular

pi ezoel ectric transducer di spdskdiluoropolymers,

(vi) polyvinyl alcohol polymer, and

(vii) polyvinyl acetate polymer.
13.  The piezoelectric transducer assembly as claimed in claim 4 in which there is
15 additionally present a compressible material in the second opening.
14. The piezoelectric transducer assembly as claimed in claim 13 wherein the
compressible material is selected from a group consisting essentially of:
(1) silicone polymer,
(ii) urethane polymer,
20 (iii) epoxy polymer,
(iv) acrylic polymer,
(v) fluoropolymers,
(vi) polyvinyl alcohol polymer, and
(vii) polyvinyl acetate polymer.
25 15. The piezoelectric transducer assembly as claimed in claim 4 in which there is
additionally present a compressible material in the second opening.
16. The piezoelectric transducer assembly as claimed in claim 15 wherein the
compressible material is selected from a group consisting essentially of:
(1) silicone polymer,
30 (i) urethane polymer,
(iii) epoxy polymer,
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therein; said piezoelectric transducer having a bottom surface and a top
surface; 15 a second opening in the front, deeper than the first circular
openi ng, wew2qgss2 | esser dianmeter than the dianeter of tReTiS0%08686¢ r cul ar
openi ng, said second opening having a bottom the centered opening in the
centered hub continuing on through the transducer retainer assenbly

housi ng and opening into the s(é@o??@yllfdéﬂl’fﬁ@fsto provide a continuous
channel through the transducer i enbly that exits at the hub, 20
sai d second openi ng having an (‘e’*eﬁ rrgﬁ(flgﬂg%hfi guration di sposed therein,
said piezoel ectric transducer(vi)apolygidyl alsbhdlpetmiércald | eads wi t h di st al
and near ends, said first electrical,|leads being connected to the bottom
surface of the piezoelectric FHhRe acgtatg RAlYHCEt al ends t hereof, said
first glectrical |eads being electrically connected at the near ends to
the electronic configuration; 25 a second set of electrical |eads

el ectri cal | ylZonAecptztlactric thansdlieer assombly comgmisingur at i on and passi ng t hr ough

sai d conti nuous channel.: recei vin transg cer retainer assenbly
Conpri sing a houdh Aeriesly Fapdogs et PERbl FomPrFiEA s tEIEER) nousi ng
having a fr ogiitsiaddudadeas kront 1 D5k, FARVHARE hatRBlcehlrbdithaGER] Hhab, i

integrally nmounted thereon, said receiving transducer retainer 30 hub
having a bactendaied hub havieg asentered npenieg Berethieugh anrbiaid canfiered bulebeingnet er  of

the rngceivi n [.retainer usi.n nt . of . saj d

recei Wng ¢ r AeIBREGE 0l BEhaR35BbNen D BlsBB it il Bl
havi ng | ocat adaisthéebn afda eipertd Tehnt satsidle cacemiragial edgesducer retai ner
assenbly opening having an interior surface_and_a baottom the interior

surface havi ng &ndpesseigbleiansdyser reiines asssgbhehadng o Hipd cireplar qpepingap the
f . . . S
astening nEaps oh ﬁw%glcﬁlg%céeggl&ﬁ}}ae r@ﬁ‘%ﬁﬂé 85%%21!{(3&?% g%%&ﬁ@@l] Msposéd

openi ng having a tapere ottom “a
saucer -1 i ke themriresaidgricdveleotrictthamsdhatt hanind a bbtom pertacegndna tofpsurfaeeei vi ng

transqucer retai ner assenbly, said saucer:like depression having a bottom
the SSTace  ar SRCANLOTENTEH U oM GO AP {6 STaGHP BB B IS &l at | ve
to the surfargseRifmedr thitfthe dRmedr JfiR ﬁs?éiﬁﬁﬂﬁ%&%iﬁg}gaﬁﬁé‘éb&%penﬁ@ d

surface area relationship having a ratio in the 10 range of from zero to
1: 1; a channbéwng apettvmgtht centerct operong orithe centbred dwih centinuihgontbprughshon

through the conter af. the Legehving trAnSONcer.f BLALOSH (e HiGulither | of

a continuous channel through the transducer retainer assembly that exits at the hub,

20 said second opening having an electronic configuration disposed therein, said
piezoelectric transducer having first electrical leads with distal and near ends, said
first electrical leads being connected to the bottom surface of the piezoelectric
transducer at the distal ends thereof, said first electrical leads being electrically
connected at the near ends to the electronic configuration;

25 a second set of electrical leads electrically connected to the electronic
configuration and passing through said continuous channel;

a receiving transducer retainer assembly comprising a housing, said receiving
transducer retainer assembly housing having a front and a back, the back having
centered therein a hub integrally mounted thereon, said receiving transducer retainer

30 hub having a back and a front and being lesser in diameter than the diameter of the

receiving transducer retainer assembly housing, the front of said receiving transducer
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retai ner hub having an adapting neans for adapting the receiving transducer
retainer assenbly to a punp, said punp being a gas punp. 15 18. The

pi ezoel ecwoioe/o9ysansducer assenbly as clainmed in claim1l7 iPoTWs0DB6BOEre is
al so present, at |east one protective di sk surnmounting the piezoelectric
transducer. 9. The pi,ezoel ectri ¢ transducer. ass |y as.clajnmed in claim
L7 o hi ch e apentbly B8 bkl iR 3T Spotng S PrnRE AreRRRar mount | ng
the piezoel egtdihd afsieﬁ{b‘ijﬂtjﬁﬁﬁn%]ﬂ&ing'rﬁﬁnwrﬁiQ&lfe@:%_tah&@_bbﬁ&ﬁi,sﬂié%éri&sseﬂm y as
clainmed in claim19 wherein the 20 stiffener disk _is surnounted by a
protective dsuface havingHisppsed thrspars fastening means sovpatibls avith the fsteging ned i n
claim17 in j e I af . t i bl rial in
t he second Ofgg%rlz%:;bg& Q%%Se&ﬁi%e%%%g%éeefgc rlgrca%%? ang’cﬁ%fdegp% gﬁ@%ﬂﬂ? aasg‘%%‘gi med in
cl ai m 38 in sikiueifetcheialedis at thdBottoranal | y present a conpressible material in
t he second opening. 25 23. The piezoelectric transducer assenbly as cl ai ned
inclaim19 in Mﬁ%f'?lhéﬁépfF@Oﬂakfi?WﬂmW%ﬁ@éePﬁm%g% F68IHA e materi al
|0 the secondaRBAl dainefassdiBlyPiF QRLECEI feptds B3R BHERE 12RRERDIN sAiFaly 21 B
inclaim20 1n which there 1s “additionally [gresent a conpressible materi al
i n the seconateapfthiengp ofdbhe RaucHAiRdGRGBHRD Help/ rekatigé ABHE SurfRs .arébhe the

pi ezoel ectric transduce ssenbl.y as claigmed in claim.l.in which there is
Bl t1 onal | yIOraldirRIeZpelssfHin EASACE Spidhsiinch arerl#HonShi SAUE BN the
stiffeper digkee sHTMMDRY1he piezoel ectric transducer, a protective
cover surnounting the stiffener disk. 5 26. The piezoelectric transducer
assenbly as cl a# ewdngled obening fromrthehoitdém i tresaieer-likd deptiesmen thyoyghdbent a
conpressi bl e teri.al _in the second eni ng,., an_ adhesi.ve tape _surjounting
Uhe. pi e20el XTI fiemaelving ransdices refalied b g uctiohsl e etV ttivllEh .
27. The pi ezpeliggthiubhalihgas ddgRingatcRlRdnadagting tht FRdivin @Amdtioe? rétiinghi ch
there is 10 additjonally present a conpressible material in the second
openi ng, an %ﬁé%@ﬁw@atpalﬁ@, S%@PH@QW@HMSQS@“@!PezoeI ectric transducer, a
stiffeger di i i : r ot j . r .

sur rmggti ng ? %’e%‘é&tE ﬁ#@%%&ﬁ?@%ﬁg%{%%@%}agg@g %dc r@%&%@ﬁ?&ﬁ@é@eﬁgeml y

as cl ai med i dlseprbent,lat\ Mt eeprofeetivepdisiz aeheantingtht pieaseladre trassdwesruf act ur ed

froma material selected froma grou
1& ﬁ‘le p?ezoelech*ic h‘ansdu%er asspembly as claimed in claim 17 in which there is

also present at least one stiffener disk surmounting the piezoelectric transducer.
20. The piezoelectric transducer assembly as claimed in claim 19 wherein the

20 stiffener disk is surmounted by a protective disk.
21. The piezoelectric transducer assembly as claimed in claim 17 in which there is
additionally present a compressible material in the second opening.
22. The piezoelectric transducer assembly as claimed in claim 18 in which there is
additionally present a compressible material in the second opening.

25 23. The piezoelectric transducer assembly as claimed in claim 19 in which there is
additionally present a compressible material in the second opening.
24. The piezoelectric transducer assembly as claimed in claim 20 in which there is

additionally present a compressible material in the second opening.
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15 consisting essentially of : (i) stainless steel, (ii) ceramc, (iii)
brass, and (iv) plastic film 20 29. The piezoelectric transducer assenbly
as cl ai mewioiop/ogdsa m 17 wherein the piezoel ectric transdu®Em/Uise2/08686

manuf actured froma nmaterial selected froma group consisting essentially

of : (i) stajnless stee], .(ii).ceramc,. 25 (i.ii).brass,.and.. (jv).plastic
T 30, *Thes pi Broareelebiric et SBrobls 28 stpiped i URE KR hishthert if 1
wher ei n the addifhalif BBerlta3daHHERIbIE AbRIAPH (BSSRER ¥ e%mg,ra@ﬁﬁe@&eﬁgd ng
transducer r%taingfﬁgssgngly are nanufactured.fron1% solid materjal. 30
31. The pi ezowineuntingthe piereclecde traswsluats) § protective ceeat shmmaingipgrilgstiffeacei n
the solid g@t rial is selected fromthe group consisting essentially of:
26 WO 02/ 099882 PCT/ US02/ 08686 i . pol yet hyl ene ii. polypropylene, iii.

fluoripated pol yTns piesedletti©tansdasdr assemtdp by éleinicdlth ehiradtinyiigetethete .
fluorinated et hyl enepropyl ene, c, perfluoroal koxys copolyners,, d

pol ychl or ot radditipnallepragertrecompressibls matesial inrthe sacobd eeaning. an adhesiyg tape |

| yChi or ot 134 THGK SEPH PR RO eeTT . T
polyv 'Sj‘yv; i _eéb%olg@{gstggglce%g%}%% Eaﬂédﬁgé}?a REREIR BBk suMnouh¥in® the alfhesisy¥ Nt hetii

27. The piezoelectric transducer assembly as claimed in claim 1 in which there is

10 additionally present a compressible material in the second opening, an adhesive tape
surmounting the piezoelectric transducer, a stiffener disk surmounting the adhesive
tape, a protective cover surmounting the stiffener disk.

28. The piezoelectric transducer assembly as claimed in claim 1 wherein the
piezoelectric transducer is manufactured from a material selected from a group

15 consisting essentially of :

(i) stainless steel,
(i) ceramic,

(iii) brass, and
(iv) plastic film.

20 29. The piezoelectric transducer assembly as claimed in claim 17 wherein the
piezoelectric transducer is manufactured from a material selected from a group
consisting essentially of :

(i) stainless steel,
(i) ceramic,
25 (iii) brass, and
(iv) plastic film.
30. The piezoelectric transducer assembly as claimed in claim 1 wherein the
insertable transducer retainer assembly and the receiving transducer retainer assembly
are manufactured from a solid material.
30 31. The piezoelectric transducer assembly as claimed in claim 30 wherein the solid

material is selected from the group consisting essentially of:
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a. alumnum 15 b. copper, and, c. alloys of alum num and copper. 32. The
pi ezoel ectric transducer assenbly as clainmed in claim31 wherein the solid
mat eri al Wo 02/09%8§2l at ory agency approved or conpliant mat @Craiso2/vd4ses ei n t he
regul atory agency is selected fromthe group consisting essentially of: 20
A. United States Food and Drugfﬁd%i&ni stration, B. United States Departnent
of Agriculture, C. Canadd ABDYEWNEEi onal Sanitation Foundation, and E. 3A
Dairy. 25 33. The pi ezoeligcbéjyﬁrgppﬁaﬁg,ducer assenbly as clainmed in claim31
wherein the solid material 1§ polytetrafluoroethylene. 34. The

pi ezoel ectric transducer iﬁsﬂ@ﬁﬁn@te‘xsomtw&ctedfmwi m 17 wherein the

i nsertabl e transducer retainer asi)gnbl% ang]iltlhe recei ving transducer

retai ner assenbly are manuf aft HPea© Y

}{ <

pol ytetrafl uroet hyl ene. 27
WO 02/ §99852 PCT/ US02/ 08686  B5.fldditmaridensdéRpidpylent, ansducer assenbly as
claimed in claiml1 wherein the insertable transducer retainer assenbly and
t he receiving transducer ret aPﬂé}ef@@@%‘P%B’S caplypagFfuf act ured from solid

pol ypropyl ene. 36. The pi ezoehecﬁorl{,&ﬂérggﬂﬁgy&% I%senbl y as clainmed in
e ucer et

claim 17 wherein the 5 insertabl rans al her assenbly and the
recei ving transducer retai ner eassieyiéretetraflrogthylbac taind,ed from sol i d

pol ypropyl ene. 37. A nethod of, nonit.orjng gas punp, the nethod
conprising: (1) providing a gs Wr]?%‘ni’“fgﬁ“e%@@n Cpi ezoel ectric transducer

assenhjlyy operably attacheggd tgﬁ&lﬁ{egj&ﬁﬁ& that the piezoel ectric transducer
assenbly is 10 operably connected to tﬁ’e exhaust outlet of the gas punp

such that the exhaust pulwse wmflonhe gas punp directly or indirectly inpacts
t he piezoelectric transducer of. the .piezoelectric transducer assenbly;
(11) measuring the tinme etapSethaiss t he exhaust pul ses such that the

nunber of pul ses per uni tyipf nietal®seldfedordet er m ned.
a. aluminum,
15 b. copper, and,
c. alloys of aluminum and copper.
32. The piezoelectric transducer assembly as claimed in claim 31 wherein the solid
material is a regulatory agency approved or compliant material, wherein the
regulatory agency is selected from the group consisting essentially of:
20 A. United States Food and Drug Administration,
B. United States Department of Agriculture,
C. Canada AG,
D. National Sanitation Foundation, and
E. 3A Dairy.
25 33. The piezoelectric transducer assembly as claimed in claim 31 wherein the solid
material is polytetrafluoroethylene.
34. The piezoelectric transducer assembly as claimed in claim 17 wherein the
insertable transducer retainer assembly and the receiving transducer retainer assembly

are manufactured from solid polytetrafluroethylene.
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15 38. The nethod of nonitoring a gas punp as clained in claim 37, wherein
additionally, there is a step (Ill1) in which the gas punp input gas flowis
adj ust ed wotop/09gssgard to t he neasurenents obtai ned in (11 PCTAB02/T4666

pi ezoel ectric transducer assenbly as clainmed in claim1 that is configured
as a gas diffuser, for a.gas punp. 20 40. .The mete%g s clajnmed jn claim37
wherein the bt hoe PeRritis rutdund astegityes e <Bind: PhsiFedhe's1. *\ o
combi nat i on, inBeribfe PAHERUGR FetAnBl REGEDIOGRA kit rebaling teidueasetiley agsmblyai med
in claim1l1, wherein the gas punp and the piezoelectric transducer assenbly
are ' oper abl yregeamiéstued fromgiolidwolsimeonybaviet ori ng of the gas punp. 25 42. In
combi nat i on, 3@ gﬁeﬁfé elééhqcﬁa%dﬁéé}%g&ﬁ]ﬁlﬁsEl%ﬂﬁ%qﬂ%ﬁﬁmﬁ%%%%‘ﬁtﬁes ¢l al med
in claim 17,  wherel e gas punp an e’ pl ezoel'ectric transducer assenbly
are oper abl psatbherisduded rethinevassérablyand tiey teogviag tiahslugasrefingg ass3thbh8 WO
02/ 099852 PCT/ US02/.08686  43. A S}/stemfor nmonitoring a gas punp, the

syst em conpr #SmpEufastEetEPRaolig Rolyprenyleregas punp, (ii) a piezoel ectric
transducer agse LRl | control system
for the corrb?fia??lgﬁéﬂ%zh(?ﬂlﬁbsystg%é‘g?%#hfﬁﬁ%ﬁ%&ﬁgégsﬁfﬁnp, the system
conprising in conbinationl) @rovidingagappumpp that hys apipretatlictinsiducerr ansducer
assenbly as claiped in.claiml nd iii). a control stem f t he
conbi nat i on. %8 %nya%?ﬁ?‘ﬂ@eﬁg%?“ﬂl‘&% ﬂ%‘ehl?’lﬁfﬂeiq‘fu‘éﬁ“?néa‘i‘ie_r Bﬁgm_ggys]tsem as
claimgd in chgiriBlfdohrcted$6 the ABaudolBEH S Al 445 phithpRREK fat $18 ckRaudbpibe at

| east one systemas clained in claim44 is used. 15 47. A manufacturing
oper at i on asofthaigaspump distciyordadirestlyimnpacts thefpigzoeleeitic drapsdugeteaf the 48, A

im;muf acturin ‘e%?e%c%%é8Qnsﬁtswe(flags'egn%?y;' n claim45 in which hydrochloric acid

(I) measuring the time elapsed between the exhaust pulses such

that the number of pulses per unit of time can be determined.

15 38. The method of monitoring a gas pump as claimed in claim 37, wherein
additionally, there is a step (IIT) in which the gas pump input gas flow is adjusted with
regard to the measurements obtained in (II).
39. The piezoelectric transducer assembly as claimed in claim 1 that is configured
as a gas diffuser for a gas pump.

20 40. The method as claimed in claim 37 wherein the method is controlled by digital
output electronics.
41. In combination, a gas pump and a piezoelectric transducer assembly as claimed
in claim 1, wherein the gas pump and the piezoelectric transducer assembly are
operably connected to allow the monitoring of the gas pump.

25 42. In combination, a gas pump and a piezoelectric transducer assembly as claimed
in claim 17, wherein the gas pump and the piezoelectric transducer assembly are

operably connected to allow the monitoring of the gas pump.
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used. 49. A manufacturing operation as clainmed in claim45 in which nitric
acid is used. 50. A manufacturing operation as clainmed in claim45 in

whi ch cauwoioe/oyssused. 20 51. A nanufacturing operati on &E€TaISa2/08866 i n
claim45 in which food is processed. 52. A manufacturing operation as

claimed in CJBair/’Q45 I n.whi ch f.ood is rrar]cﬁfac ured. 25 30 9 .
. system for monitoring a gas pump, the system comprising 1 combination:

(i) agas pump,
(ii) a piezoelectric transducer assembly as claimed in claim 1,
and
5 (iii) a control system for the combination.
44, A system for monitoring a gas pump, the system comprising in combination:
(i) agaspump,
(ii) apiezoelectric transducer assembly as claimed in claim 17,
and
10 (i) a control system for the combination.
45. A manufacturing operation in which at least one system as claimed in claim 43 is
used.
46. A manufacturing operation in which at least one system as claimed in claim 44 is
used.

15 47. A manufacturing operation as claimed in claim 45 in which sulfuric acid is used.
48. A manufacturing operation as claimed in claim 45 in which hydrochloric acid is
used.

49. A manufacturing operation as claimed in claim 45 in which nitric acid is used.
50. A manufacturing operation as claimed in claim 45 in which caustic is used.

20 51. A manufacturing operation as claimed in claim 45 in which food is processed.

52. A manufacturing operation as claimed in claim 45 in which food is

manufactured.
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