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meant by “gas pumps” herein is pulsed gas output pumps of the diaphragm 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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materials. 30 1 WD 02/099852 PCT/ US02/ 08686 Wth the invention herein,
when describing "flow', it is neant that the discussion deals essentially
with the flow of material being handled by the gas driven punp, and not
the fl ow oWQez09Mss2zng used to drive the gas driven punp, wpaTase2/dees gas
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i ndustry has used el ectronic feedback _from aperating punps in sone
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The gas driven pump industry has used electronic feedback from operating pumps

in some critical applications for a number of years. The feedback has been carried
out in a number of ways. Traditionally, in gas operated pumps, at least one part
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



transl ates 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
el ectronic signals that are sent 30 to the shuttle valve can and have been
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si t uat i hs, oWengsetQ#pr » SIS Parts ergete sitystions wherein thaf9od isroptamingted bibt
noni t ored at 0] : f LSt | f the
manuf act uri ngﬁlséeolgglglss agggﬂeﬁ%gég%gb%ags! ta% exf)gf;}gigé\%?aﬁgm ?Hnlgé,rfozloganup
and nyriad othequnprasedtesnssituntion Wherein thet pasts actras plugh or ety plugsgr phdial t he
punp i s nonit .| nedhere is a | lfunction,that. happens to be
noti ced by thgfsuggn%ﬁ%%g&?ﬂgﬁﬁg{aﬁlgfm%geﬂWﬁ%e W:&%@%oﬂ’lﬁﬁ?&te S
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non-invasi ve hioaite@daeall arltpthisieudk eb RsIfgRtib ih ¥oBpbrsh okkle Of the
above-nmenti oned problens. 25 THE | NVENTI ON What are di scl osed and cl ai ned

herein are pi Bepkiaeturipg processad thus plso {aads togxpensiye downtime, cleanup and
myriad other problems. 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



non-invasi ve neans for nonitoring the exhaust ports of gas driven punps to
elimnate the above-nentioned problens. The nethods di scl osed and cl ai ned
herein use the transducers described just 30 above in conjunction with
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events;_allow preﬁi se mpnitoring and control of flow rates and netering
appl i cald ons: PRYs/Eomyike digphragm apdjox kellopy of the pump: ahilityiie handle highgndiagid 15
initiation of : ' Ebtmﬁt"r%ﬁfh Qs rald on;
t hey provide %&?@%%ﬁuﬁiggd}?%tro@&?o 0 éoer orég%g{‘?egsggfélg@ﬁgﬁe&%; t hey
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capability of low rate nppnitoring. . the av hegyability to shut
down punps on @@é‘%ﬁs g%g%wﬁvgatg iWaQrF%WSI% qlmngé{@ﬁgg;o&gfﬂq\ﬂé%;e
control preci seteiigapphiatiofs; hbvd tHe abilityto aerifyairinting of te@ks pump ardder s, 20
ounces, qor | arger,.or smaller_quantities, and, their use generally |leads to
nor e ef]_f cien t’?‘atmq{sﬂrlﬁs%f’f |9BCTGHE0. 95 AR ¥urnsR ST ongration; ey pravidedi scl osed
and cl ai med NGk ind BasgPErGHIROBIABIRS} existingeqUiAGHS, 86 Ednverity AR SRV
assenbly conprising in conbination, an insertable transducer retalner
assenbly and Rumpdeacinally aperatingtheyrhave theicapabilify o€ pensiant flow rate sonitering:
transducer 25g4retai ' ' ' tside
Lransducer 25 uies e BAREHIhHt AR Dn el Shaith Ao sl
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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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 assenbly. The outside surface has a fastening neans on
it and a tay@pP¥¥98ont outside circunferential edge. 30 2CMUD2HLIO852
PCT/ US02/ 08686 The insertable transducer retainer assenbly has a first

ciroul ar pr ozoe HegpeRivt: SR neer FAGRE Badeibly hed ity BberliEB T 0 °
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opening in the ont of the insertable transducer retainer 5 assenbly,
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the dianeter ofrpeRSs hisécohd epérfintl RthORERioRthe ilRRabI8 Hafid8tbrIRERENT I N the
centered hub continues on throut%r t he transducer retainer assenbly housing

and opens i nt @ssepbly; deeneethep dhe firgt cinguler emening and having alesser diameterithan theyr ough
the transducery;felal ﬁl_[éﬁ ,ch exits at the back of the hub. 10
The pi ezoel ectdh C %rdg?ged%ggr iéllg()peeMeH [rical |eads connected to its bottom
surface. The r el centeged opening tic the cemterad heb carsmaedin/thedugh tHeamnsdueeisi ng.

The receiving_ transducer.retai ner asse housi ng. hgs _a front and a back,
wherein the bég?nﬁaassse@lgx 8\’%‘252]“%0??“5 %é/?%? ?@BW%W‘%@ BRI The
recei ving tr achsihebthrdughahd insduttr reirter assembly, Mhithaxits &he Baek of thell@bser in
di anmet ey t han he_di%rret,er of the receiiving, 15 transducer retainer

assenbl i housTHg Pleppeeqiie ransguoer hgs eletrical leads ¢onperier fodts botiemiswdaceassenbl y
has located therejp ﬁ&ivﬁ@&%&er?&ﬁné&%%ﬁﬁ&s%&%ﬁﬁ% TiilrBleiNihg aSSenbl y
and a bottom e interl

openi ng has an interior surface ) erelnt of surface
has di sposed tmnsducergetainer assembly lrousing hasarfiomt ai] @baok; wherbia thebackhasig means

Capered o r cu R 8 3 ek Bt Pllsed G Pietucefind BnsER blinct 3o
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retai néfs ass rrb%%. Thte.saucerBII lrhke.depr ession has a bottom The surface
area of 1 he tgﬁﬁ“ e S L Py RS e pression is relative to the surface

area of the top ofThé fientf@aeteiihg trénsdhden PstatHE ket e hasUbéatedqh@eRan
relationship having a ratio in the range of fromzero to 25 1:1.
opening. The receiving transducer retainer assembly opening has an interior surface

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.



There is a channel ed opening fromthe bottom of the saucer-1like depression
t hrough the center of the receiving transducer retainer hub and the
interior of the receiving transducer retainer hub has an adapti ng neans
for adapti wpodh@ossecei vi ng transducer retainer assenbly treTaisprogsss The
punp in this case is a gas punp, either 30 of the bellows type air punp, or

t he di aphragm type ai unp... 5 2/,099852 .PCT/ US02/ 08686 In a further
enbodi ment of thﬁ’saﬁ'ﬁ'\i}%‘prﬁ“i‘r%ﬁfmﬁnx\gf%ésw N5 1B Shenigzoplegiic frapsduoer, thereds j

di sposed over didpesddavepihe tdjfofithegienleReiricittmsdueas gy elastomaric oRefiwTeric
protective coverjng gallgil n the formof a_disk, the details of which

di sk
are set fprthcpﬁ?’f“&.’fﬂp%‘?%{})lléin@ﬁ mfa&ﬁ%ﬁaeﬁ!ﬁmlsefwmﬁbgreism@ﬁbﬁr@fm. there is
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retainer assenbly,” an el ectronic configuration, e deta whi ch are
provi ded i nf r dottpm of the secendophring efithe dianwinceraétainti asseonhlyrani edactronier e i s

di sposed in t Bﬂ? | : r Lbl.ecyaterial, the details of
whi ch are pro@§%§§5| n Fgg%?%hggfd‘?ﬁgﬁp?ﬁéé}%%&an enbodi ment of this

i nvention in whi histillleaocther emirdinernd efithdd invéliohsthere indigpasid infthasesendli sk
covering the piezoelectric. transducer per. se, the details, of which are
al so provi ded OPFI‘?‘P%?C?‘HP?WIII’]?“QM% ‘%FP&'S&?H@‘FE .aﬁprf’ﬂfi@‘f’r“ﬁ‘@gnt ion, there
is set forth a skdddifonCHER &i eHbodimeR of BiisverfioR i whkth Weré isprovidamsducer
assenbl i/%oper ablg assoclated wth the gas punp, and a control systemfor

moni t or Ihg andeasbenerstiffening disk sovpsing thepiczoek o trpsducsorr ser thendetils vEE

DRAW NGS Fi gurvﬁ:i%}{)airéaf% ﬁnl'Hh\Jideﬁiiﬂ?a vi ew of one enbodi nent of a piezoelectric
transducer asse y o? this invention. Figure 2 is a cross sectional view
of the piezoel echystitl anotherseiohodimens ofthid ipvention there is sevfomthiacsysteken t hr ough
line A-A of Figure.l. and exploded, ,the jnternal parts of.the 2

transducer bei ;Pﬁ%?ﬁfagm I, f Pezpslectic, ﬁ%‘iﬂaeﬂs‘g‘é‘{"&w&ﬂ@ a?%?cfa%él Fi gure.
F} QUL_e 3 i s aviitinthé gﬁﬂﬂm&ﬂ,ﬁﬂﬂ@éoﬁtﬂbﬁsﬂs@ﬁf& aloniorin diéﬁ@élll:iﬁgﬂﬁigﬁﬁpmﬁp.seﬂm y
of this,_invention show e | nings therein Figure is a
Cross s]ssctiona! full si dgg@%vpﬁgéﬁﬁpgg .{l" wmcer retai ner
assenbly of thi Spipéarns @l sidk GiewlofoRe Eibddiment BT B pRizofle@HE RankdudthOWM N9 a 25

pi ezoel ectric transducer suspended above the openings in the insertable
t ransducer 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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retainer assenbly. Figure 5 is a cross sectional full side view of the

I nsertabl e transducer retainer assenbly of this invention taken through
line B-B of Figure 1, showing the piezoelectric transducer in place in the
first openiw@oxnsesseesti ng on a shelf. 30 6 WD 02/ 099852 PETTUS02¢808686
Figure 6 is a cross sectional full side view of the insertable transducer
retainer assenbeéiy of this inventig&t, ken ;Erou,gh line B-B of Figure 1,
showi ng the pi eP8WESIs pcross sechanal full side,vigw of thejipsertgble fransduces setaimely and

covered w th asqpdlyesitthiéSnvehdithkéthrongh g BB ZfFig?ﬁtI%?li;ﬁiﬁn gt ional full

side view of the insertabl e transducer retainer nvention taken

t hrough |i ne Biegoglectsi¢ ransducer inplace inghefirst orehingand doveked with aprotectivg t he

pi ezoel ectric, ducer. Figure 8 is a cross sectional full side view of
the insertabl e trafisducer retainer of this invention taken through line
B- B of H gure 1,Figimeiisg crosssedcfiomab full ddeskiew©f therinsertable transdoeer petainec! ectri c

transducer and.g.protective coverin r nting,the stiffe di sk.

Figure 9 is aogﬁ)é@gvgxg@pit%wafﬁupmlu%]%é Qrfﬁ;ué@v}r%?’ ﬁhﬂ@qg@i‘&ﬁﬁ@ ransducer
retainer of fsinSountivethtipiszodladthtrhdvdasegh | ine B-B of Figure 1, showing a
first stiffener disk surmounting_ the piezoelectric transducer, a second

stiffener disk sUBWSESISAREPsE %u?qqlgﬂlsl wew of thedpseripllp transdhoes refpigeraf i ve
covering Sur”‘ﬂﬁgﬁivgﬁiénﬁﬁceiet&%ﬁgﬁﬁé ﬁ@%ﬁﬁl{igﬁ%%sho@i%ﬁif?eﬁeﬂﬁsl@ Cross

sectional full side view of thé inserta ransducer retainer of this

i nvent i ¥h t ak esrmoynting)tie piczecl@tilc winstucgn aad d protdetive enyerngsumeuntingghe over i ng
over the pi eg&&é&g%&c transducer, and a conpressible material disposed in
the second opéening 20 Figure 11 is an expl oded cross sectional full side
vi ew of the pi eZRighre®tis a cross seaticuhl €idl sideswiewlof thedhiseithble tramsdactr r@isintredden

t hrough |ine A-A,show ng an, el eci.roni ¢ onfi gyrati on_surppunt by a

pi ezoel ectri cﬁPF %EMBWOB&*@QIB@WQ ’gv“%}’g%ﬁﬁsf?@éﬂ‘gﬁ%k, whi ch

i s surmounted san%nﬁﬁ@&@%lthﬁedﬂﬂi@ﬁansHﬂx&Wa%eé&d' sBiffenc? ARk SudRfinting Ble Hrit! |

side view of the insertable transducer retainer of 25 this invention taken

t hr oughld i ne sfifenst disk.qud @jprotegtiygicayering sumequnting the seeond stitfener tisk
Figure 10 is a cross 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
stiffever 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.



encapsul ated in the conpressible material disposed in the second openi ng.
Figure 13Ais a cross sectional full side view of the insertable transducer
retainer of this invention taken through |ine B-B of Figure 1, show ng the
use of an 3neX199852 t ape | ayer to cover the piezoel ectricPCTASSUSB6 . 7 WO
02/ 099852 PCT/ US02/ 08686 Figure 13B is a cross sectional full side view of

the insertable tg; r ' N TR t.] [ i gqure J13A in
whi oh ther e has LELE 98eqeisEpdsfbnal Bl 1 oo DY BRHARLDE SRR AR, 1
surface of thef thituayentiontfooneFigaseck3 A ini whictethéré lias beengiddgha stiffenendisk 363
measurenent of,the ti l,apsed bet.weep.th o exhgust strokes of a gas
punp usi ng théh%%%%ﬁ%goﬁfl%@mt gﬁgrgqfﬁgfthsﬁﬁlﬂ%fvﬁ?ﬂ‘?a@ﬁ'i on. Figure 15 is a
full side view Ofigmed4ps & gaph shdwing tHemmdasaldment TR ¥lapkad betwebn BRY -
Figure 16 is a Ccross iect | onal side, view of the piezoelectric transducer

assenbl y gas @§Khguskstrokes ofis gag pumpasing the picrpeleptsic trapwlupesof dds WVeRtios t he gas
exhaust ports. bQdl1® 3 l1Ba; | | f | ' : as
punp and the 10 ﬁlgggolgllgé%ﬁlfsé&?rﬁgﬂ?gg%ée eéggml%ﬁaﬁ%ﬁ%gguﬁﬁ |eg'ure
15, in which t heligireZ6as & ctoss sectionah sidel vicwrof dlssmiedsielectgindradsdubersssenbly

attached dire A t be. exh st.ream of .t h as _punp. Eigure 18 is
a schematic vi%ééwglgq"g F 02 g}é?en%?%%\ﬁgiﬂguétgxglorp%%fsgﬁgle% F’@?ﬁlpgﬁtf‘ri C
transducer assenfigyredf7 i$ & schematie Mewwt alcbmbinatiomof fgReumpragidtect |y to the
exhaust, gas 15,stream of the gas : TAI DESCRI PT1 OF THE .
VENT! R Tur RIREPIFGP Benstie: Bt Lesss 4 GG Lidn MAGD e peeookokity 2,
there i s showgafsdubdHdssemitiegad @Rt ishittRtHRA ARLAT thitke dxhAS gk @eaRDFeED! v 1
of this invention. The piezoelectric transducer assenbly 1 is conprised of
two segnents, 88SPWERR| vabl e 20 transducer retainer assenbly 11 and an

i nsertabl e trans rel; ' . gm?l . SAl EI R r
retainer assenbl@ggét}gilﬁéedggﬁn%trl?gg of‘)ég‘%ﬂ?‘éﬁgﬁ’%%f ; ﬁg@?%ggkfﬁgﬁ S|§e
surface 4, a fiaosducérassenblypobthiskinéntion thabizaktached axlireethyt torthelexhaust gas a hub 7,
t he ceﬁi ered hub 7.having a centered opening 8 through the hub back 9 to
acconmodat e ?aénP% & B-om a piezoel ectric transducer 10, (shown in
Figures 1 and 4), or an DRETAIEEDDESCRIPTION ©OF BHENVENTIONOowWn in Figure 11.

The essence of the el ectroalfec, configuration 15 wll _ be gitﬁcuss%d i nfra.
The pi ezoel ect r i CEPBZROW e igurgs, and with regard to Figures 1 and 2, there 1s shown a

full side view of a piezoelectric transducer assembly 1 of this invention. 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



surface 35, and a bottom surface 36. The piezoelectric transducer 10
usual ly ranges in dianmeter from about 0.25 inches to about 2.5 inches, the
preferred size being |l ess than about 2 inches, and the nost 30 preferred
bei ng i n t NeD 020968520f about 3 of an inch to about 1 1/8 i RERAE2/08686
preferred thickness of the piezoelectric transducers 10 is in the range of

about 0.008 m] i . [0 / L1 meters,
and the ot i PTR Bl o te S ryrerants aRER 0y 1005 e |

especi al | y pr ahéespecially preférted fonthisihvention & arangengabait Osllautbéut 003t 0 about
0.03 mllineters. Th Il ezoe] ectric transducers 10 useful in this

i nvention are HWE‘F&T%Hlﬁzoﬁifﬁwwguc%fﬁzgkﬁeg‘ﬂﬂ’éﬁﬂ? LWenioB 4TS ypi cal Iy from
stainl ess st ebmnfeftidll§ dvailtbleand dre Mahf4RAINdE pically frbMFstainlbe siRek tatmes]

pi ezoel ectric transducers 10 bei ng stainless steel, and &ol ymeric filns,

and espeti al | Prassmnd pplyaneris fileg.dheprefesied piszosiertrc transdugers #  Thin
2-l ayer trans [ ' 1198 fSm i« They may
be used like gltk%féfnzdgﬂ@%@@%@%?&’uﬁ‘bﬁ?&yﬁgﬁ%@?@f@%{vﬁ%ﬁ@can tggbéulged to bend,
or they can betairdess steel. SitieAdayeatransdusess are thermaoit versatile cenfigueation pfall.ur e when

one 10 | ayer ands.whi | £..t he ot her. | r - CQtactSa . Th ers are
often ref g rre ?i@% mag%a © Bﬁ?@g?ess}nggﬁ %ﬁ?tﬁ ﬁ@jX&O‘}p &I&el f’(ﬂelr%f thSY %as?:bﬁet'}ssgﬁas%g nder s"
achi eve | ar ge of ¢lfidyeai beused to ektaiid. \ve2dayepirdisdudst produdes amvatueewlen duegure 2 is
a Cross ectiqnal view of.the Bil eiagel ectric ,h{ansdu;ier asseﬁ%fl gf

Fi gure 10 thr JW¥5RexRRgds While e gtheg layer confyacts, s These trgpspucersarg 0 grfed to

pi ezoel ectri C gk Behded) BititsiBhs, %?ﬂeﬁ%él‘éthﬂeﬁts.s.heﬂéhdé » helasle large GeMdetibns?, and

Figure 4 shows the interior o t he piezoelectric transducer assenbly 1.
The i nsert abl aeletivefo@thes piezetransdueergssenbly 2 is described as insertable,

because the trans g%%ge{ 2 & &5@%@0&5%18\71«?{' of 1?18 h&z&é&@ﬁ’é Fadiiuce? Qésﬁlg]afyrlsﬁr ted

I nto the opening the recelvi ransducer retalner asse 11. The
i nsertabl e tr diguwte ¢ chrough therline Agds exdiusivedfithe wiverjeaidsand thé pitzasleetiiong neans

12, 20 ich as sho is.a.set of threa but e fast.eni of 1he
i nsertabl e trﬁ@ﬁ‘ﬁ%&fm’WZ‘%%‘%@P%%@%BW?’S%%%aPh%‘%%‘ZF‘Wﬁ PIReg St o
retainer asserhd piedoklectic tRsdiict M¥@ably Y The jhseftebiStrarddivdet £ikidi asseiibly
segnents are securely coupl ed together during use, but ggl ch can, be

separabl e for Z%4aicHled grinserieplecesaiss the tymsducgrrefaier gysemplydiis gapable qfa ey
gel or adhesi ‘b%ig?%‘seﬁ@d ﬁﬂ@{ﬂe%?eﬁiﬁg bDer At E@fcer dtatfer hdd8mbRSIAL t abl e

25 transducer retalner assenbly 27 which woul d hold the two segnents
t oget her, but 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.
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woul d all ow the two segnents to be separated easily by hand, or the two
segnents could be bolted, pinned, or screwed together. The manner and
means of fastening the two segnents is not critical as long as the two
segnent s sWgoymgsseher during operation, and are separ ablPeThgoz0sssapl e
means. 30 9 WD 02/099852 PCT/ US02/ 08686 Wth regard to Figure 3, there is

shown in the intggd t i Rsertabl.e tr.ansducer tain ssenbly 2 a
first circular oﬁ@%ﬁ%ﬁig ﬁ&ﬁe? hﬁ"lelée Ip %Wéﬂﬁfe neRer ?iitgﬁnsgrga{y}eat[%%e}/
i nsertabl e tr aisidercassenisly 2iarfirst chsalandpeying. 13, Whick is 18ceFRaBMHo@PaTitRg 16 in

the mddle of the.insertable transdyce talner assenbly 2, just, under
the first ci r&‘lfFﬁ?ebl?)B%‘?ﬂdH@rﬁe@@?r Wﬁlééoiﬁerﬁﬁéﬁeﬁ@dl%’e%g 1§ in heguiddle

di amet er t han of #@ isleAABE BanddlucdrM&aihbr Blenttly S ljhﬁrund&mﬁﬁgcc:}&céle# 'Bprir g to

provide a shelf 14 for supporting the piezoelectric trans 0%7n the

i nsertabl e t r dAsHieceeondapghingl 6 haselepsey diametar then therbarseternfdhefieshéiroylat6 i s
deeper than t : 1 : Cl j i .

conpr essi bl e Rt PG o BoRRR AR & R slrtpAif b BRSSP
infra, and al 40 jn theduserialsle trenbduded retaingrassenmbly 2. Alsoisthexgecdml openingdlbést r oni ¢
configuration hat.is.desired for the qperation of the piezoelectric

t ransducer 10.deqpﬁrg’ﬂﬂ#ﬁ%ﬁt%“{aﬁgp%ﬁgﬂﬁg?dtﬁ%aﬁ?&o%?&tﬁgF%mP’§SSc‘ﬁ8 openi ng
or channel 8, mairiahwhe@aired, Vit Wil teadeSdtbe® REASAIDIndR, and/ulsd\ @ herl daairb®t t om
17, through the huph 7, and _exits fromctpggl back 9 of the hub 7. Any wWire

| eads uded i ntaPFavide g honsing for guy; elagitopic cogfigyration;thatiy desited foprthe epesativBeni ng

17 to be attaghgd piRodleGRl AR q0! FOl | ed transducer used for receiving
the information fromthe pi ezoeT ectric transducer 10, or the electronic

confi guration 1H9nagdition pethe openings 13164 16 there js the opeping drichanrel 8 hwieh 14 can
be further ap [ I ew. i | Ls a.full front end view
of the insertg%‘fq’gffoﬁjgﬁlsegé%ogﬁoﬁw}ér&%%&s‘)ﬁpﬁmﬁ’B]%%lfghttﬁ?guqz\?ﬁ tion.
There i s showexitsfieorh thesback 99f thietab 7i Ay wire deads ageddp dheitragsduder dssembigcond
openi n 6, the openin nd the |f 14 provided by the differences in
the respecti vgred*agﬁ’?aE‘lggggb&’stq?«gm&%iﬂf%ﬁesajﬁf%ﬁ)egﬁﬁafB‘.np‘?‘ﬁ%canSﬂ?‘{ W&‘F“G&
surface 18, otsddor 1eoeisingShedinforfatich/dif the pidzosleomit #ab@ubal19dodthat the

recei ving transducer retainer assenbly 11 has a conplinmentary bevel ed
surface 20 28legironigeonfiguratign 18- of the opening 21, which nates with the

bevel ed surface Hg fpbnih€13, 16, and 8, along with the shelf 14 can be further appreciated by

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
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I nsertabl e transducer retainer assenbly 2. This arrangenent allows for the
two segnents, i.e. the insertable transducer retainer assenbly 2 and the
receiving transducer retainer assenbly 11 to provide a sealed interior
when they ar@oxoogsked together. The integrity of the sealped/usot/esssor is
dependent to sone extent on the type 30 of materials being used to

manuf acture the ezoel Ctl’l r asse V\/ner N _some

mat eri al s, be(?gﬂ}g ° HEO9%E ﬁ)d%lépawpu@@ﬁgpgg?e&a%q%f%pmﬂ WPty 10 WO
02/ 099852 PCT /attkibites) 8ﬁc8ﬂ1etuf@‘¢,l i oan@mpﬂtteiiaﬂllhlﬁthetsb(b;% de]ﬁ@lﬂv@ﬁhoxhﬂttheS one
materials do n?rﬂgrowdeth . attrjbutes, therefore, i

cont enpl at ed RrtETRAHYE D €18 t&ﬁn fotdize ﬁ\%ﬁkﬂ% i RIS to Arovi %@Fls?/"émgr in

conbi nation, ingedéll! ShégAk&sadeRnowh bl Mose bNEd MMthe arPark QuicassidtRgOSeal i ng
needed. Such gaskets are known by those skilled in the art and can consi st

of 0513 ngs rms$, fesexapiple, anchethestsuelt typescof caghsting whichpen baverpirculat,ch can have
circul ar, I [ tions, or,

t hey can be f Hi?li}rmnoﬁ{erﬁ%c\?v% 05§ﬁ§°§%§§®ﬁ§0¥’9§25 %géeyrnbg gl ner
assenbly 11, as Tmrnmgmobetomlhs:ecemdghmdu&rgetmaeﬁassdmtwélmﬂsdamba such an
assenbl y 11, ere th 0 ng,29 in the fragnt . of, t he housi ng
27. 10 Shown P "éﬂ?) ﬁ’ 2, ghete i Fawh Sk o8 ?HF"F%Z:L%‘ P BBt t om 19
of the openi mgeﬁﬁgamﬁlmaﬁbhezsdﬂtmh@@mgfﬂt he opem ng 29 of the receiving
transducer retainer assenbly 11 are the natin hreads 22 for the

fastenity neans §howm%opm@%%mﬂacbewaﬁwﬁ%?omha.bﬁﬁ?md@@éﬁm y 2. Also
shown is a cegj dg aﬁym%aﬁeﬁ&w b EﬁﬁéZ@@?ﬁl@%&%ﬂé‘&&S@l&P&tﬂgﬁm The

hub 24 is centere 25 of t ceiving 15 transducer retainer

aSSﬁrTb|hy 11hamﬁemb1}slldoamthmatmgﬂhnggdﬂ%’domﬂmtﬁas@nm?méll obthednsertable f ace 26,
such that the sBhR08) Sald febh @051 UGGI 9BRAIRL e ARaRG J IS bR 20

exhaust port O gas purrp
much like a ﬂ)bttmndédnmlathub"ﬂhe’l‘hehmtﬁlbﬂ cenﬂenedngtﬁhﬂ:aakﬁﬁmﬁthboﬁceidm exhaust
stream fyom a,qgas unp.to nove into,th nin 9,.a act the

oi eooel Lhtr o teRset feBines soBhy 4 g0 b5 ToRBecanacus L RED ¢ BERESUAL AR ¢ he
pi ezoel ectri C sirffRDEUARR tHe tHeQDid¥oRNebtele trhhiubty laSRmbRAL canl e MRAYSE t O NONI tor
t he exhaust gas stream fromthe gas punp. Note should be taken of the

saucer - shaped e¥gusirest ofie 290 PrmP(ghs puepmet shown) pad casyenientlydumed mushdike ng 29.
Th h t dh
€ saucer-s ﬁgﬁg?%ggxlhg?%g 8&1 mﬁ@g E&fnéﬁgr ST REFoAhE @)ﬁlﬂust sB‘antﬁ%Hl Ppast N€

saucer - shaped lative to the surtace are of t he
top pump to move into the 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
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25 of the piezoelectric transducer 10, said surface area relationship
having a ratio in the range of fromzero to 1:1, the ratio actually used
bei ng dependent on the type of piezoelectric transducer 10 bei ng used, the
nunber andma 0498852 hi ckness of the stiffening disks 33 b@CRy'S0eeds6 t he
type of stiffening disks 33 used, the use of an adhesive tape, and the

size of the piezoelectric, transducer 10 pein se al | of, ,whi 30 will be
di scussed in B¥PH erqmuafﬁcerﬁgofgﬁwwe iwﬁé@%ﬂg’ﬁ?’rg@s PHHY: s&?‘g‘&é’ég
expansi on chgigive isﬁﬁ‘m@ﬁxﬁﬁ%@@ﬂﬁh%e@cﬁﬁ%&db@eﬂidf’ltlﬁk,ctﬁer@isaitﬁe i ncomi ng
exhaust gas stream 11 WD 02/ 099852 PCT/ US02/ 08686 across the top surface 35
of the pi ezoelmpartanee torriavidingdhe propersrriagsyarasiratio batweenstis topgif thexsgnestt ve
tape, surnoungjng, %@ioﬂ'a?ﬂﬂféltgggf th gie&?éié‘ﬂi@ fednsdier T@"f%calfsg'ﬁ'rtﬁe uise?

I di ng u d

i nportance to pro e proper surtace area rati etween the top of
the saucser- | phwiditdbydbsexhaustigds frove theogas phmpliengtipsopedly distnibuted; thensducer 10,

oroper 1y i st FeBtReB abaERersieR R bieHiedic b T s bl Re o 01 ot

ne pi'ezoel ectric
transducer 10 arghedirsi smisddaflent ohthid invétition idxdgiezoeldctrieitranbdier assemibly dn i s a

I ezoel ectric transducer, assenb 1., wherein Figure,4 sho ly the
Ppser tabl e Frm%@gmé %OWEP“Q;@%WE‘F@% trags qggéner %E%H%Pyaf%?qs si de
view from Fi ggécﬁlgﬁ?l_fmﬁdb'%ﬁ«%fﬁﬁﬁﬁg&é ﬁn%ﬁ%mbﬁtltgdnﬁtﬁm{cgﬁéﬁlﬁi@hﬁeﬁbﬁoz I'S

shown with a i ke piezoelectric transducer el ectrical |eads

31 and 10seconds sbpwniwith adisk-tikejpiezoelectris transduser K, adithelastricahlgadsi}eand

pi ezoel ectric tr G A ' . L £ . 119 2
suspended abO\S}éecolg{l].ggéls}J %'?élq}'ﬁ:lgé&er@? Ih%%ﬁ%ttéd %P%t g{réﬁ)tle?aglse a%éﬁg?ﬁa;i?eral?dsi t is
i nt ended t hat netsettingfon the sheifoldc but is susperded alsove dntThécillustiation i for detityct ri ¢
transducer 10 is fully. seated. in.the firsf openin 3 and I supported
15 by the sheﬁﬂefﬂyaéx%1%’?@%&“?%&%%‘53 é?"saﬂ‘fegl %aﬁsﬂBR{eH’o é{t he
transducer capieR6eledtettanddaser 110 6s fllp sentddda the first opefitag U @ahd flllydapportedt need
to be protected, that is, this tr,ansduc&rﬁ can be uaﬁ&ﬁi n those cases where

the trahsduceby the shskd4asis shewn in Bigges 5. Jpiseabodiment frasduestcan bey| s and
where | ow pr egsiyf Ghaiifie piozilcRit tiRduceP1 Fdde¥ fof Rd BB, RAY i Whis

purposes of this inventfon, "low pressure” neans in range of ‘over zero
to about 10 frensdugéraen bousedin thesesases where theitransducenl() doespalingad pressur e

means i1 oxcoBoRe i FAH HiRlals il e ety ey Rl pe sl ot RE M |

thi s enbodi neghs piny® opening 16 is devoid

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.
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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 assenbly 2 of Figure
2, there | WGHNWBSEhe i nsertable transducer retainer ass@GBUp0208686 h t he
pi ezoel ectric transducer 10 in place in the first opening 13, along with

the electrical ad. Wi r 331 ain, inthis e .L he openlng 16
does not have an@ E“f%@u‘@g%i?éé?ﬁnaﬁ?ss ?ﬁgﬁt’)f“ﬂgt‘ﬂ% ‘ﬁd“ﬁWtof
carbon 30 di %eﬁﬂaleﬂr&ns&&e@?étﬂﬂ&%&nﬁ@'@U@@ﬁﬁ%%eﬁmmbﬂegsihwﬁlmfe 6,

there is shown a cross sectiaonal ful] side view.,of the insertabl
transducer re€Hbadimentaldigyg 5p ‘Eﬁhqt?tjdﬂéa% W"é‘?ﬂqaﬁ%‘l""@"%‘“@ﬁ& 2t he

enbodi nent of v%%@teéﬂvem&/e ques%vmh@ ectrit: BEEh{ckPT) afd 51@&@% ve

covering 32, protective covering 3 | es over the piez electrlc

transducier 10 pieadelpettc trensdueend ﬁom rshedhemioalseand thenlikgihas maybefcansiedbar sh
chem cal s and _the,like that m
comng in frort?l?et?%a?ség%% S\Heﬁ'ﬁrz?r %@?ﬁgg cg?('rlln tpa%S&%r%ll‘i' M%S%ié’ﬁﬁﬂgs
These pr ot ect iopeningsy @hewwota&lvabmemgmsm miandfatiuesd fedne ohensital resistait ant
materials, such as_ Teflon r Sim LeflonR is, a, registered
trademark of qqﬁ@aﬁap;mll?t %‘?ﬁﬂ’i‘ cHis “@‘ aiﬁ@ﬁ%“nn b&%ﬁiﬂ?‘iﬁ qﬁgﬁgf
products manutigChuP&f Cla@mfdapﬂb lemﬁgtbﬁiflbdlmﬁetUB’A €1 ProduCR mentficiired

simlar materials that could be used are pol yet htgl ene, @Eol ypr chl ene
use

or the 1dke, d@&mwga@wr@wlwuﬁ%me, tsiailar mpge

transducer as

protective coégeﬁlm I’ll% @élﬁeégag&iqgﬂger alrlrlkeet’ ge:‘&? ﬁhg o?&%&%%%&a&?%

t ransducer 10p1&zudecﬂih&amsdawassbmblﬁhmtbemg usdein. ﬁtshoddlbeqmedddtt theat t he

protective cover| 32 COV e t he, 15 tran cer, 10. co et S

D20 a 1 oqut r EREFANEEoYRRE SR HubR It ehr o o pisGeER e g FeanB ),

retai nled by, am&kes@glf&cthaﬁls tﬁaﬁglldleqﬁfeddhﬁﬂﬂd‘pmﬁﬁu\ib&oav&lﬂlgm cokerthe t he

plezoe ectric trapsducer y mes toget her en a protective cover
is Ised i Arapsauce); 1@2‘19811’2"6 Vﬂ"é‘dtﬂrléﬁéﬂ%ﬁ“‘rg’?g’étr?glﬂys ?Ve?qoqtéatﬁléq i eved t hat

ther e IS no repubaRERHVerBlis &%ﬂ%ﬁttiynﬂnd%alk@@t, Rtevdlerfirfatest 13amB 20 itRE

surfaces 18 and 20. This 20 enbodi nent is used when there is a need to
protect the pitkepietasleciricdransduserhssambly d comes tggethere é?{hwrmétn@ qo8¢% Exhaust

0 B S53UT 2 84 B8 Wl Ut kbl ORI ne! (15
in Figure 7, wkjuidement far gasksmwdielmmﬁhcequlthe Isavelled wiréages 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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of the insertable transducer retainer assenbly 2 of Figure 2, a

pi ezoel ectric transducer 25 10, lying on the shelf 14, and the

pi ezoel ectric transducer 10 is surnounted by a stiffening disk 33. Note
that the sWO 0209859 di sk 33 has a di aneter approxi mati ng ®CT/USeD08636

approxi mating the di aneter of the piezoelectric transducer 10 such that the
pi ezoel ectric transdafgéalo I s, seal ed fromthe exhaust gas stream The disk

is required (PETRHIEE diquiofigs dat eprfigurationcbut mereover, theystiffepsr dliskad3ect r i ¢
t d 10 e | ' | j -
ransducer s@iveSto difihistGh fe@mﬁﬁ?&%s ngEP?ﬂfe{p}?%ﬁ;@iU&ﬁ%gQ@ﬁgim 14 after it flexes

assenbled. In addition to the sea unc Serves as a
"stiffener" fanraspenspiapasdivedonce placedonsitifromrthd exhaust ighedtream. i bthenwords3 WO

02/ 099852 PCT/ r t feits flat gonfiqgurat.on,
but noreover, the s "g e%@?%ﬁ%ﬁ#{@%{lﬁﬁ%@meﬂc £PR erpé“tzg?%iﬁc €sponse
of the i ezoeltmnsducer 10; fromcmg dorcd thasdeflects ittintol thx@seningn 61 ¢5ig oMREmplatedosi ti ve
force placed on,it . fromt .exhaust gas snﬁp{e%rsga I:%eo her words, the
stiffening di SWthimtheseane S yation 19 Bsecny ofeddisk “'ﬁﬂswgbthaélskﬁéceth t he

pi ezoel ect ri ¢ alyotbe MimfacREedfom b PRTRANY maliriaPsich @t TR, 8fd Asd dervd¥sQ t he

opening 16. It is contenplated wthin the scope of this invention to use
only one di sk stiffeneidiskédn the di sk 33 can al so be manufactured from a

protective mterﬁ?mﬁt | Aﬁﬁ@ﬁﬁiﬁ%se ﬁﬁﬁ%v%ﬁ%&fto%e 'ﬁ'e?ﬁﬂlgfcisiﬁélg??edi sk 33.

It is contenplated w the scope hi's T nvention O Us ni ng
di sks 3® 10 havingthickmesskninghemnpganof dboutr GOlymillimemh(005Gndhes)to bbourdtder s

(.005 inches) t.q. L | oet er 50 .1 ) and, it is preferred
that the thi cl?&ﬁg‘s“?%%gtp# %‘ﬁ'éeg)’gﬂ‘ggﬁ%?m’%ggﬂg}a?&e@?ﬁ?#ﬁ b eeﬁagg‘t%‘.pmo

i nc Pes) 5 0 ﬁbahdsurt] 0.127 6ni 'mmk étérﬁgl.@I(BinéKbsﬂébelftCIt(FS)%iﬂﬁﬂéi%rs' 05.2405i_n|6iid’92%h@| Iy
preferred that,.the thickness be in the range of about O. mllinmeters
(0. 10 i nches) Ti3eipeaigdy miefaredthat the tfvelﬂvz@bq indherange of abopt 0.2 emillimeters

dependi ng on {#1€0 ehdésy BE0.968 ABLiREleR (0186 theh | , and
t he nunber oftsuch disgks 33 usedei n( t he r?i %%’%%%%%Qgsgﬁggﬁgg?ﬂﬁsenbly

1, and the en®yngof matasial veeditemanyfagtive thedisk 33 apd theaumbeofsugy digksst3 r i ¢

transducer as By ' ] ' , t 1.t hin
the scope of this ?&}1 é%@ﬁ%ﬁé@oﬂaﬁ%@gﬁ‘oﬁrs%ﬁ ain’ %ﬁé@@@pﬁ?@ﬁﬁ%ﬁo&oﬁh and
t hat sti ffeni pymgithdt the3gezantlectsic itransiuterpssembly histassociaked with.a 20 vari abl e
stacki ng configutations can used herein accommodat e operating
condi ti ons or oﬁ?}glﬁhsgﬁgptﬁﬁpa?%s‘ﬂ%ﬂl?fsc?HFeOftﬁﬁéﬂygméQﬁtPi“éeW P 10 for
different appliffemig disls33 ditethal stikfeniag disks 35 67 vabibils yPSLITaedtetia@infar om

olymerjc materials, for ) )
poty iO variable stack?ng 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 psi 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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exanpl e, polyethyl ene, polypropyl ene, polytetraflurocarbons, such as

pol ytetrafl uroethyl ene, and the |like. These materials typically have

Tensil e Modulus 25 according to ASTM D638 in the range of 130,000 to

250, 000 psiwo 03/09$/e pol ypr opyl ene, 25,000 to 130, 000 psi Hoavusombsesd hyl ene,
and in the range of 38,000 to about 110,000 psi for the fluorinated

pol ymers. FluqQsinated.pol.yner.s can be. sel ected . from.materials ch. as

pol yt et r af | uor Gt Ryt %%@',S ‘¥Ye3%?l|" ﬁ’a‘fsgal-“’%'f VREE heyive simular Isg}sﬂ? ) Roxys,
pol ychl or ot ri ftherangesfHo,000ao 86,000, aemellf et r af | uor oet hyl ene, and 30

pol yvi nyl i dene fl uoride, as, |on s the terjal is a solid. Especially
preferred are p V@F‘ﬂiﬂ@ﬁé@e%ﬁgﬁi‘%‘w% thig] s%@f@?é@ﬁ%&fh?%@tdﬁ%ene. | t
s cont enpl at of wid fied o b QuERARPES o SEILERPHAAAE L BEBEAPAIR 33 N S
invention to use silicone polymers having simlar Tensile ' 1n the
range ofd 50, 0@ placeddn @ pigzoglectmigtransduuee assemblyr], operablyettaching thé . and t he

total'thickne ' ' | I.sks~.33 to be used .can be

det erm ned frg’fnﬁzgélg(lﬁgn‘g}rgﬁ%d[elése? Qléégﬂl% I(S:ﬁ tﬁ%ee)ﬂzgﬁip F gnr? ipﬁgl OH‘F% Rgm%gem% are
placed in a pitestdeareunniag tteshimculsiel the pamplactivify, asdipdicaed by the efledsigst he
pi ezoel ectric _transducer enbly 1 to.th haust of the rticular punp
bei ng t est ed . YEAYWF AFHY e frans u‘ieﬁ‘s\ﬁh@‘t W?{S‘"ﬁﬁ‘t‘i‘ﬁﬁ@@w 2 tatmetat ed
by the exhausiegRsary wHave protéifion Edri tRéipiefoel diBicl tF-ABRIRBCRY, bt BlMRSitedo Thi s
enbodi nent is used when it isS not necessary to have protection for the

pi ezoel Btt ri c U6 Wedigmde highexhyist eqspressurgh s red to 10 use mediumto high
exhaust gas presﬁ%ﬁélotﬂel?e%ﬁgf;ﬁﬁﬂﬁgfﬁgﬁi\s/m%ﬁ 4 omssabﬁn'ieh\é%é’@tfoﬁ ! QU e

8 shows a cross séctiona iew of 'tIte inserta fransducer
retai ner asseideyiew offtheingentabletransduoghietdiner hssemblyi 2 offtigure i2pimavhigh therewn t he

| ezoel ectric, 10 lace in the first eni and stin
o the snel 1 ISACFRBMF b b anifiort IGmaRRR s B s onbibe 15" 12
3 ti L f g g er Tﬁ! s hncs%sbﬁmm mbel_ﬂelﬁld@ m}_mt;ﬁgzto\'?\lﬁetriewma&l 10Mépigi sBembuneedYyi d f ﬁner

is is . oqJ t i.s, desired, when the applicatign requires . that
medi um o hi gﬁu@?ﬁ‘?&g’é"ﬁ dﬂﬂﬁ“@s@‘ﬂ?&%"%ﬁ"@"‘kﬁi ‘i?éj'epp ,es‘hf%?!‘ef hvihionnent
requires that einbedifientio dbafedvlen tliera%?lﬁ%ﬁ reqhitePhathedifm s dighekBitisEgas Shows
t he enbodi ment of Figure 8, except there is shown nultiple ["ayers 50 of
stiffener di sWPEsSues grg beipg ysedn ¢ envitenment requires that theadezopleetipaust gas

hi gh pressur e 4,3daabdrQ8the PRStectdd’® configuration shown in Figure 9 also shows
a protective covering

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

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

15



32, which woul d be necessary in an environnment where the exhaust gas
pressures are high and the piezoelectric transducer 10 needs to be
protected. For some nediumto high pressure applications, the piezoelectric
t ransducer W@o02/@®3852ay need support other than that provi dedTHIS02/6888¢ ng on
the shelf 14 and in Figure 10 there is shown a cross sectional full side

Uhere i showkiavt bihsreeeRRRE tEE bl pigh BRGH: ootichions by iy ng

16. This conprpsi S]‘}lpicﬁllﬁr,&hﬁrmzﬁéna?{h m&l&m&ﬂﬁcm géueacsnmbﬁepmmelt But chlibe ext ent
t hat the pi ezoeI ec ansducer ercts into enjng 16, but does
30 not conpred egte TP yngqqﬁiuc H% BerepQ et e ‘?sa HEEACTYHSS:hur st s

fromits pOSItﬁommypmcbﬁowuﬁag\% ?mcﬁ%s S0&/td ndifle 2 0. | THIOmahifer @PENI N 16.
The conpressible materi al 99852 "PCT/ US02/ 08686 al | ows for a
rebound dr f| SUPHOTERS @ameaoﬂe@nmrgﬁdmégnmeela@msrreenqnmﬁhqmemleawut 100
psi. Typicall f %F M ne pol yner
but can be Bﬁlmel%:(itﬁgg lf%%ﬁgﬁﬁgke%eﬁ%g 1rs suc étfan?c?.}chgérs%%%lgrlmﬂrog’ ur et hanes,
epoxi es, acrymaifunctigning/vi nyl al cohol s, and polyvinyl acetates, just to

nane a few Thi s na”-gﬁes@&gnoﬁﬁ gﬁ@f)@ﬂeﬂ?m&‘%‘oel S@Erl .C transqycerrésem

prevents dest r uch W
the piezoel eCtlﬂLﬂleferlﬁﬁlM@f exEliﬂ@df&lok(s skcfisrahfullside Hes bf ﬁelpiwoela'dﬂ‘ié” ng to

still apother en‘%odlrre s invention, which_is shown in Figure 11,
there i Y showdta® “é‘?ﬁﬂsii‘&ggyéto

Eigutec, tWhigh-has been madified tp ingluds an ¢lestronic
pi ezoel ectri ¢ chduradbHIGR theGRAMEI1Y, 'AsRhown thﬁe&mni@”&oﬁﬁglﬂﬁﬁo smodi f i ed

to include an el ectronic configuration 15 in the opening 16. As s ovvn, t he

el ectronic corl‘f%é?ﬂ%aimaﬁscm%oap@m@ém?(mhdmvm)@réh*t iondn vhighnt r ol
unit (not sho M- h e nsducer
assenbly 1 i s\%ge? ! letcﬂ'g;t@a?l &dc %ké}ﬁblk:iéy@ééﬁ l|lsgetl}r gpgglgé&%g &Mibgrah&l?aced
anywhere in tHé cmpbmplaged]ﬁ:ywhene ir feropesing 1 6ot exampie, tdsﬁng)mtholbnﬁé’mlls of the
insertable tra ucer et ai ner assenbl r d be ed by the
compr eabd bi o PhRis Pl vansterSeamerpsterdbly 8. nst e bt psbenlled BY i <

I nventi on, th@o@mlbﬁmmytﬁs@homyﬁg@emel astoneric, gelled, or
simlar material that will_allow the piezoelectric transducer 10 to move

into it in di refer nusraseyeithis inveption; thedemn foompressibleX meapsanyplastosmeriche gas
punp, whil e 2Q e ¥rahinfmhiifiathaanlA6H thepibiRIbE G Ehsdilerd 00 mRRE TRBEN | Y

bendi ng, or burstlng or
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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| eaving the support provided by the shelf 14. The conpressible material 34
Is typically used when the gas pressure on the punp exceeds about 20 psi
and up to about 100 psi. Gas pressures bel ow about 20 psi do not nornally
requi re th&vuex9ess2 t he conpressible material 34. 25 Ther @CiraiSyzescsnot her
enbodi nent of this invention which is shown in Figure 13A in which an
adhesi ve tape 45 surnounts the pi,ezoglectric transducer 10. One purpose
for the use ofXpaystZ3R¥ W%Vqré&?eplﬁ@e‘%gmﬁgaﬂﬂuﬁerﬁﬁé’%f’%wéi Quespeh ¢ r ansducer

10 solidly onadhdiRetdiRlié TdfforPtask SfUubBE Prod thil UiGkneQS withlad 8crffic sivgBaust
gas evenly over the piezoelectric transducer 10. FoOr purpoSes of this

i nvention, t hébeagle IbshouliHhesnoted thathest rewlts grejaghigved hyunalting swe thatte, and any
adhesi ve tape i : ' ' in place and
ot oot vel v drieliBame dSiRibolty B APt botea i AR 30Rffoadt di, D1 000352
PCT/ USO2Z 0868 piezadlectrit traxmsdueer 0] \s faras thelinventor hereirecan mscerthingagydadhesivd 0 can
be used. One such ..adbesive tape.is Tef]on tape,.of about 3 to.8 ml

Chi ckness. i £1p 3l J0tHE R AR plon s lopRe® BRAN Sanefe @i P BIHTR e ¢ ha
best results gagdacdtiseMast dAd tiaRdohi0 nSillded eVdhdy acidls theAsiERRlev Ric taRSIudEr _
uniformy rests on Iznﬁhdeaaléligbonded' to the top surface of the 5 piezoelectric

transducer 10 _sgr,ﬁg:ef B tApR/S ROse @assernbly “éﬂé@ll f‘f&‘?‘ﬁt,e agmpllgapesi ve
tape will sufjbGReh Bl thyhitfRe Pfﬂh@ BlezOilectdStrar@skef$0,'ahd Whhteva sy 6o the the

pi ezoel ectric transducer surface and transmt inpulses evenly across the
pi ezoel ¥kt ri c matexiabsiumennting thé piczoeldctric trrasdugbe).ve tape is not used, the

assenbly wll sti}l . I b 1 he syrface of the
pi ezoel ectric t rair?st}}%géée?ﬁ %?m}ﬁg%h?lgc\%{é?nshg}yﬁg& ﬁ@ei({faﬁ%rttgéi al

surmount i ng t pizzpslectdetrastindes 10,/thersshiecan surthouhtthé hidhesivetipe #h atithian certain
appl i cations, ot eGt | | S peeded, fo he | ezoel ectric fransd r 10,
Chen one can’ SElTRsE sk SA srRafbeGTesdrora bebors or e fike. s shovaHige | g
manuf act ured fr oreiRubiAR pa&sroﬂﬁ@pihi&muﬁ%mm@a%mmy,%aﬂgrmﬂé& The
housi ng parts of the piezoel ectric transducer assenbly, along with any 15

connectbYs, afenneriers, prdthe dike aspepnsiryrtectiion apysalidymatenal tharhesesufligienthat has
sufficient SEﬁéﬂgg{ A shﬁ']gcﬁ{‘ﬂg (ﬂ{témﬁlrl‘?mi Eﬁ&ﬁ@ agu&ﬂﬁ&@x‘i‘éﬂé‘l%h%uld%é@%he@&ﬁ%h' al's
ted on e e

shoul d be sel ec asis o e end use application that t
pi ezoel ect ri c therbasis ofi therend useapipligationdhat the pievoeloctria trausdpcarasseimbly del theed

cur i1ty praebaBBREp gl bR NS AR Rig it o SSLbr R BAARR Bkl b, ror

handleability, 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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20 exanpl e, polyethyl ene, polypropylene, polyfluorinated polyners sel ected
from polytetrafluoroethylene, fluorinated ethyl enepropyl ene,

per fl uor oal koxys, polychlorotrifluoroethylene, ethylene
tetrafl uor 8@ 0R/9e8%@ and pol yvi nylidene fluoride, silicon®Cyaisyesess nyl on,
synthetic resins, netals selected fromalum num copper, and alloys of

al um num and co r.. 25 Tur.njng now,t.0o_anqt her e diment of thjs
vonton "t GHeastheier e E Db NhARiS B PABOECRLAL e Rn RSt gRsiogtto
conpri si ng t Wrifig feSpunipiftoldotmhl Wwérkihg OkdelBaYddCin e theadiifdindi OPtimbB #at has a

pi ezoel ectric transducér assenbly operably attached to the exhaust outl et
of a gas purrpebﬂéqﬁiheﬁ&ent%e@k?ﬁéﬁ%?k%ul ses of the gas punp inpact directly

or i ndirectly, Ui iflaRAHeRE bsTohdARRINERPIe OF colhEctlSA Rl RRkAHC {1 ansducer

30 assenbly and step two, neasuring the ti apse ween the exhaust
st rokes such tmhsduceriie thewexhaust of a pimmp koweper; theputnpds$ natiargas pampjzmd the

determ ned. Inp_an.analo S, 1. WD 02/ 099852 PCT/ US02/,08686 thod,. there is
athird step, tﬂﬂ;ﬂﬁ%é‘ eriagseg:ﬁ: 58{@5(‘%&’% mg?l%{or?ewaﬁilﬁo eﬁﬁ‘i?ﬁ‘im-g ST o0 bri ng
the punp i nt o devcérak disclokédifl DS dratent 5655357 that isuedeagustcl2e 9970 isgsiame t hat

has el apsed between, the exhaust sirokes. The inyentor herein has found one
exanpl e of coﬁweﬁttpﬁgp Y Shepragless gt vacunm progess gad/pr shyt doyn e yaciim of g

punp. However Pufna%peﬂeaaﬂlﬁmﬂgrasab%ﬁmmaﬁﬂﬁthepaaéms%c@a&nbl y 1
of the instant inveéention was not used therein. The prior art device, as

di scl osEd i n Uhstapsduegrasembhsl gbthe instaat invenfion deirglg ges pulses ta exigblishges a
signal to dis C wn t he
vauum - pump: A St ARSI Sl R MIAFIEC SRS ol im BB e

bei ng evacuat ¢mnsdiiCer Bseentbly h istimespeaificcudb pressuro$pecifie, asin thergriar ateevicen
detects gas puylses.to,establish a digital output to ersonal .conputer,
for Coxanmpre. i b Wt bS Hee mesdhmet. g Brnbbe R TR ARl o i o
speci fic, not bpfwRes tHekxBAREstfdkes, tinunibet HFstidkesfer @hit off@vie 6gnbe | N addi tion,
by taking the tine neasurenents, i.e., neasuring the tine el apsed, between

the exhBust suptsrained,and iningaanngs, itap b deterspiped i the nump 1s malfunctioning; 5
determ ned, a if’?mﬂﬁin : ' ﬂﬁec@ ) ' H%ﬁa | S
mal f uncti oni ngi,;d an |§unai%8{%?|bgﬁﬁng ?{9@3%& eﬂﬁ@]eté;n%e , %#H&éut down to
prevent danagenansfactueing pnothérapplicatiogs orwidchisis being usedt Ingeneiah ifghe ch it is
being used. | BuQGn6Lken dinald)Srroleh TR RChYF AurEBE Yblonthighl Soaldi heases:

I C mg e ue 10 a

fl ow decreases,
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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pl ugged filter, or changes in gas pressure being fed to the gas punp, or
the like. 20 Likewse, if the timng between exhaust strokes decreases,
this indicates an increase in flow and problens with punp transducers or
i ne pressW@021988%3es to the punp, or the |like. By nonit @CTAF02/0868nunber
of strokes per unit of tinme, one can gauge the flowrate of the punp and
t hereby control t.he . Turnin ow Ei gure , there i.s shqwn a
schemt i o of o ggushsbaws s gstirobon hsidaey ntfie paeibry FEmEHET gas
exhaust 39 of asdaﬁlbwdg@,difmermsm 5 fhr6ugh IRSCLECA rvhichSthe Biisiudtioaloft hi s
i nvention configured as a gas_diffuser 40. The gas diffuser 40 can be

observed fromti gxlipest perts fhiathe interiep isshpwn.s Fagplagenient of the gehapstapgrts il ihe
: Lectri i s : . ti ¢
pi ezoel ectri CnB{&ﬂ%g*fgﬁg{?g%%mkyﬂ‘é&ﬁ&mw%ék’?ﬁéﬁﬁ'lﬁ)ﬂd“&ﬁ% eapfdguration o

the gas diffuser , ng the exhaust or the exhaust gas from
t he gas Hunp 3&uceBshaped Jepregion 39 sdiffuseGid iiBpinge 66 86 ritzgeleetrit Grantduoer 18, cr oss

sectional full,.si ' f.. ' hG & r I S

i fuser 40 ofEraet 8 Rt R SRR SAEH oS AR B R B PEI TBT (e
exhaust portSaﬂd./oi'ﬁﬂeﬁeetapéﬂﬂ,leﬂdﬂﬁnsﬂmwﬁto?ﬁ'ﬁt&lrwf iﬁgltr?]ﬂsﬂuédﬂeetﬁnéraggt
ports 41 is not ifical, as long as t exhaust fromthe gas pu S
al l oved to enlagtm&’ e{%wgfaqpés@ayﬁ%%gf%&gﬁ'@g%%e igg?“@f’fq‘lﬁl ﬁrrﬂfg‘f"i%?'nge on
the piezoel echr jrthisrAdhmEr GRS gas Qiffus@l 402N efhduSicthé Yuhaflst ghé) HHIR Mhdidtatiigough
stiffener disks 33 and/or protective coveri ngﬁhBZ, and/'or adhesi ve tapes
45, andl® hen #he isteeritnaf thspiezoelestricdraasdrcergl O: his sepmperrofieshaystieg the gasenbl y 11

W t hout exhaugf| i . r ' enbly 2.
' thi's mannesiont e gl G4 s dif AR Erpnl AP ShirRion Pl fiElooRETEID) ¥

mai nt ai nic ng ﬁdram'dpcérrutsﬁgiﬁly /A Bigmdﬁ?oeshowkegasimgéﬂmm?p 380. This :
manner of exhaust.in a om t he ,qas 0es n everely inpac
t he operation of%ﬁé%ﬂ%ﬁ‘g’gﬁ]@@f({q‘:ﬁr asferngg]fﬁlE@gﬁ&a‘gg@%ﬂflﬁaﬁas%ﬁ%mo&e 7 al so
shows a gas i ebeabl2o the pulip indirgetlsSucl heis Bhaaorl Figirt i18, Whaeia theeeis
assenbljes 1 of thiis inventjon can, al so be. hook oper abl y

h
i ndirectly, s&hopmtheipumpiSan schematic, the gapinielpart ggﬁh% BWPR gpse Susingqﬁéi?ﬁe
pump 38, in Ssﬂéggamfffu&émmé%ﬁgg&%ﬂa&?lmém THERPis RS shawainst |ine 39,

and a gas diffuser 43 for the pu as exhaust line 30, There is al so shown
the pl acenenplastmentwf @ piszbelectric ransduees dssemblyalds withoyt thelcapabilityft t he

capability of ' . i | | ched to
the punp gas gﬁ%ﬁ@?é& %ﬂm%%%%%&éﬂ%’%c}x I?§ &ngﬁ'ed th mevwgds%xﬁé&s?
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.
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line 39. 20 The indirect configuration shown in Figure 18 is useful when it
Is desired to dislocate the piezoelectric transducer assenbly 1 fromthe
direct hook up with the punp 38. In this manner, gas |line 44, |eading from
the punp gd®0ex99853t |ine to the piezoelectric transducePCagseresoss 11 can
be a long line, and thus the piezoelectric transducer 10 can be disl ocated
a |l ong distan fro Ih%._unp 38 and the operations 25 of the manufacturing
to which the é’gh%l%gla%e dﬁ accessory. 30 19 WO 02/ 099852 PCT/ US02/ 08686
What is clai mad Agpiezdeledtrib rBsafte? Gbdeinbiy doipridinger assenbly conprising: an
I nsertabl e transducer retainer assenbly conprising a housing_ having an
out si de sur f ace, aninsqrighle teangdugenygtainer Py LOMPHSINg Afoesing kaving atherei n, a
hub, said 5 8 | ' h and said
GaRide shfadd R ﬁé’dn'&% lﬁwﬁ%@@%@l@hﬁﬁ’@ Ereg@réd*lﬁér%éﬁ Hﬂ% ail

centered hub being 1ntegrally connect to sai al ner assently, said
out si de Bur f acenthmdihnl havihgs ceniéred opening theretheougbandisaid centarpdhetrbdingnt

outside circunferential edge: said.insertable.transducer ret.ainer assenbly
having a fi rstlntggf‘@‘(]f(g’rne‘(‘ﬁtﬁgﬁq %ﬁfi’iﬂ i .eﬁasselflsﬁhﬁa,l& %@F@e ?‘-Ffﬂg? L%W%ﬁfaé?en{%eni ng
havi ng a cir cuheans thefonahé & tapered ffoanswisidecirdinfprentl edde) t herein; said

pi ezoel ectric trapsducer . havi a bottom syrface and a,top surfacge, said
pi ezoel ectric t rs&fé IW&%%‘IG@&Q"F P%?S@g{yé‘&&’é'g cwgr oRsnmgdn ghe: + om

surface ther qRint, sfidTRAMUIRPERINGG Ha@ing B%n&ﬂwiezdéﬁsmmahﬁlﬁeeﬁdafp&g

st
circul ar openi ng and havin esser di aneter than the dianeter of the

|
first cl¢cul arthe;?in;rﬂaiﬂbpiemgc&@maas@eﬂpéin:mdmmm sugacerrad adop surfage.sald
continuing on Rgé}géib'&ﬁc EH[FsdBEeq T@xﬂgg ElectithiHdls rcolﬂa%gtgﬁ"f’d the B{}ﬁ% gug-ﬁfc ﬂe openi ng

into the seco pening to pro a contrnuous anne
transducer retlmrendy assenbly that exits at the hub; a receiving transducer

retai ner assenbly conprisin usi ai d, recei.vi t ransducer retainer
assenbl y housi ngé/ W&%@g"?ﬂﬁaﬂﬁt"h@?@ c{}ggeéi’t'@n%%ﬁmggggpaﬂgg?xﬁﬁg Li'?c‘-f’r?g@r ed
therein a hub léseéraisndéténthafols dRehctd? oF fHeFirstetctlar Gefing the céritéred Bpéfiig in

retai ner_. hub having ack .and a front and bgl ng | esser in_dianeter than

the di albter &he denisTedlgbontinyng on HueHghdhe raseycseretanes amsmphHrausinggnd ¢ he
front of said gp&fifs iftd\the 'sbRA SPérfifig to provide a continuous channel through the

transducer retainer assembly that exits at the hub;

areceiving 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

20



retai ner assenbly having | ocated therein an opening, said receiving
transducer retainer assenbly opening having an interior surface and a
bottom the interior 25 surface having disposed thereon, fastening neans
conpat i bl e W@ 021099852 f ast ening means of the insertabl e tr 2Tdser08686t ai ner
assenbly, said opening having a tapered circunferential edge at the
bottom a saucger-like, depressjon_ bel ow,the bottom of the opening jn, the
receiving trd™® %P‘e?%cﬁ%%?%wg%ﬁﬁwg,s“@%ﬂeér?é%]@é?- ﬁ?é"ﬁlsmr@g%m&he havi ng
a bottom the rgipeloficfom 3éodé €a; of the top of the saucer-like depression
being relative to the surface area of the 20 WO 02/099852 PCT/ US02/ 08686
top of the pi ezotshaaneledopeningsirm the bodameof therseugee-like depressionrthronghhths havi ng
aratiointh PSR {3 Raf&ly I P FNale (g ehhdaidne
bot t om of the%glggcer-?%%el%gpr essu?%rtnr&ta%lre%itl}bbgtht%he %ecﬁ?%%‘ég%lhpge re(@é‘%rvi ng

t ransducer r etretainerhubhayingrae adaptinginmeansofor adepting theiredeindng tramsduhec eatainér

retai ner hub h \é' %g, an ada :)'%Algg neans faor adalgti ng the receiving transducer
retai ner asse bﬂ 0 fpp D, }n&pﬁﬁlﬂﬁ @8%?1‘5“ gas punp. 10 15 20 25 30 21
WO 02/ 099852 PCT/ US02/ 08686 2. The pi ezoel ectric transducer assenbly as
claimed in claiml in which there is also present, at |east one protective
di sk surnounting the piezoelectric transducer. 3. The piezoelectric
transducer assenbly as claimed in claim1 in which there is also present
at | east one stiffener disk surmounting the piezoelectric transducer. 5 4.
The pi eMbel ectric transducer assenbly as claimed 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
transducer assenbly as clainmed in claim4 wherein the

15
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10 adhesive tape is surnounted by a protective disk. 7. The piezoelectric
transducer assenbly as clainmed in claiml1l in which there is additionally
present a conpressible material in the second opening. 8. The piezoelectric
transducer wasax9dsy as clainmed in claim7 wherein the cororAss/iRe
material is selected froma group consisting essentially of 15 (i) silicone

polymer, (ii). urethane polymer, (iii) oxy .polynmer, _(iv), acrylic

pol ymer, (v) %1 ﬁ'ﬁcp&ﬂo s}r&aﬂuﬁr@ﬂfse&&f!&?i%&%@ﬂ&lHo‘i"%‘ﬁ%ﬁl,e}/edﬁd (vii)
pol yvi nyl acefah@rdiehtyaBéast She phbiBctRieRERhARdNtAg IHeFRSAbIeaTic daRAURY as
clained in claim2 in which there is additionally present a conpressible

material in tRe skhemirroelsetnicmgnsducer aysembpy ascdimed iy ¢laim } ivwhigle thereds senbl vy

as claimed in 1.0 & . {]ﬁﬁ@: - k Aeans | ect ed
froma group 8%&3’%%‘?#‘8@%@?&?‘?@%%3‘% §|§ SI tg%) leeg%t(l)%yrrer, élzcléfla) ur et hane
pol yner,5 (iiid) efhmpiezoeleytnie transdocer)assembijt asclgimed iveelainBDin( which there is
fluoropol yners, 22 \/g 02/.099852 PCT/ US02/ 08686 %Vit}i ﬁ_ol vi nyl al cohol

pol yner, and iPfgse @PM%‘F?W“%@P% ¢ ezoglgetrig én%iiu vel ectric
transducer assenbihe piézotleatricBdnidicdilagiembly dstlatid h é1hied Pwhereinatleli ti onal |y
present a conpressible material jn the secgnd opening. 5 12. The

pi ezoel ectri CSW%%K&S%QMW%BNWEY &in cl aim 11 wherein the
conpr essi bl e At effeqlicdodlesiti Aah&hlcdraEhiblPasQURMES RbLigid FoneRannti al Iy of:

() St One helive tape is surtnotuied by a protsetive disk. " POLYIET
7. The piezoelectric transducer assembly as claimed in claim 1 in which there is
additionally present a compressible material in the second opehing.

8. The piezoelectric transducer assembly as claimed in claim 7 wherein the
compressible material is selected from a group consisting essentially of:
15 (1) silicone polymer,
(ii) 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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10 (iv) acrylic polynmer, (v) fluoropolyners, (vi) polyvinyl alcohol
polymer, and (vii) polyvinyl acetate polyner. 13. The piezoelectric
transducer assenbly as clainmed in claim4 in which there is 15

addi ti onal mo mreessat a conpressible material in the secondcansoresgss 14. The
pi ezoel ectric transducer assenbly as clainmed in claim13 wherein the

conpressible material is select from rou onsi sting essentially of:
(i) silicone polyner, (ii) ure(ef'ﬁaﬂ%lyﬁﬁw,opp‘gﬁmﬁ F"i"é epoxy pol yner, (iv)
acrylic polynmer, (v) fl uor opol(yﬂppslyvﬁymacetaalgowmatl al cohol pol yner, and

(vii) polyvinyl a tate 25 15. e plezo | ectric, transducer
assenbly as cl)iz!n CipieZg ‘F a‘i‘%"u‘éﬁ’ilaﬁsﬁ Asglgimean %‘m}}%mf’h@e{frlésent a

conpr essi bl e FAEbhally gréseht EconfHORIblORSRHAn thbGecobd® R&'uﬁé oel ectric

transducer assenbly as clained’in claim15 wherein t nﬁr essi bl e

materiald i s sdBectld@ piezoeleetrigirangdueas assemblyrag claimedin claimyl lowherein the | i cone
polymer, (ii [ 02/ 099852
PCT/ US02/ 0868)80%"%&@? r?na?a?{ E%re%/eﬁtgé “f“°*“§ v@%ﬁ%@%‘f‘%ﬁgﬁ%’?@yﬁ ) pol yvi nyl
al cohol pol yner, and (V||) pol(ibvisﬂjdonapdymbe polynmer. 5 17. A

pi ezoel ectric transducer assentt Iv) ris . an insertabl e transducer
retainer assenbly conprising a Ro ¥ lﬁg“ ’ an

(iii) epoxy polymer,
10 (iv) acrylic polymer,
(v) fluoropolymers,
(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:
(i) silicone polymer,
30 (ii) urethane polymer,
(iii) epoxy polymer,
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outside surface, a front and a back, said back having centered therein, a
hub, said centered hub having a centered opening therethrough and said
centered hub being 10 integrally connected to said retainer assenbly, said
out si de suma@MWRS2i Ng a fastening neans thereon and a t RpErUSok/d8csNt
outside circunferential edge; said insertable transducer retainer assenbly
having a first circul ar opening,bn t he éwgnt said first circular opening
having a circul ar piezoel ectri W ASHGRENMY sposed therein; said

pi ezoel ectric transducer haV|nqﬂafp@hh@Eh§ggface and a top surface 15 a
second opening in the front, ﬁser than the first circul ar openi ng, having
a |esser diameter than the dlé t elywinylaieohel pdymen ardil ar openi ng, sai d
second opening having a botto .Ng in the centered hub
continui ng on through the traMu@aﬁﬁgtag%ﬁ%P ssenbly housi ng and openi ng
into théisecond opening to provide a continuous channel through the

t ransducer |ner .aSS§ ﬁ? exit at t he .hub, 20 said second opening
havi ng an eI e 'ror‘ﬁBlef: ‘TE‘T;?%‘%‘WP i ?‘fﬁ% ggﬁm{’ﬂ%?%l n, said piezoelectric

]Er ansdu?:er havi Ing aﬁlnﬁs‘éﬂglﬂé &aﬁgdumkewmgchssemurllﬁc%inpﬁ@ig zﬁlitﬂ:fsiix@&hw?@dﬁ said
irst electrica s bei_.ng cqnnecte t he bottom surface qf the

pi ezoel ectri couis}‘J& E&%ﬁ?e?ﬁa t goda léts%P é%]%avﬁﬂé'reéﬁed efeip, a hyby paid| octrj cal
| eads being eleggibrell hab hivin dg?@éf@&&@gpeﬁin ttﬂ&eﬂﬂﬁﬁl'gh%ﬂ@ﬁ& Serltd?6d RitASEiAgONi C

configuration; 25 a second set of electrical |eads electrically connected
to the Hl ect r@rﬁeg,rallxc@nmmqad tox saiskretaingr praersblyigsaidoussignsustaceihasing 4 fastonisg

channel ; a regel éﬁ‘lgr éﬁ%ﬂégﬁgﬂﬁfed'ﬁ%h%&ﬁﬁngfuse,mcnu H%I sing a housi ng,

sai d receiving rans ucer alrner asse olist ng having a front and a
back, the back h esmdngsertabhttmnmhicérhetamemsseﬂﬂnly havihg g fisdt kirculan opesidg irhthe eon,

d L t 30, hub. front, and
being. | esser | ey 5 Chee SRR A GIrOaR Retrosle e GraTGet R o1
retainer assemmirein hidsbelebhR thahSikerdavingiabottbmeuhdtthnt hans ditfags, 24 WO

02/ 099852 PCT/ US02/ 08686 r et ai ner assenbl%égaw ng |l .ocated ther ein an
openi ngl> sai d r ecdeterenspreping dethe font. despst ep thedfirahaitcylap prasinggh Wéﬂgfhg an

interior surfgggeAfinderiid B8 ial o8 Firdt lcircdiby Jp%ﬁﬁ nawd ﬁgorﬁl'og)f@

t hereon, fastening neans conpatible wth the fastenl g means

i nsertabl e tr AAdingedotton; the aentered opanirigin therdedtergddmbregniinpingen tb:quslpdxeed 5
ci rount er ent | HanGhias Bhirbl o880l Wbk 34538k b8 il SBLARpBRP R Skl

bott om of the openi
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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transducer retainer assenbly, said saucer-1like depression having a bottom
the surface area of the top of the saucer-Ilike depression being relative
to the surface area of the top of the piezoelectric transducer, said
surface ar 880 P2999852onshi p having a ratio in the 10 range PET/US020868@r O t O
1:1; a channel ed opening fromthe bottom of the saucer-1like depression

t hrough the A . [ | nek b..the interior

of the recei v?ﬁ%&ﬁ %S%%BI %Pgﬁg thcéﬂlegéﬁre}{]@g& gﬁ%ﬁ{ s%%%galgglg:’fﬁas%grns for

adapti ng t he netaimerassembly apsuingkavingdrdintedor sutfaseadd abdtoma theunteriosai d punp

bei ng a gas pu%é}% 18...The %ezoelfe;tri C transdﬁeﬁ){ ‘%ﬁi n‘s%%/ as clai med

'n claim17 | AURyecRvingdisposed therpan, fesieping fpeans fomptble willu s fislooliE ve i sk

surmount i ng t hgeap 6Fthe imeitabl€ tridsaiced titaher assbthblyl Bsd BPéiﬂﬁﬂl@ﬁigrd apére@nsducer
a

assenbly_as clainmed in claim17 in which there is so present at | east
one stiflener CHPE‘EL% ?ﬁfiaﬁ@elbﬁ@%i ezoel ectric transducer. 20. The

: | . i ' i . ' h 20
pi ezoel ectric tra@@ﬁb&q&eﬁQﬁMane?&vﬂie%ﬁgﬂogﬁlﬁM%ﬁgﬁﬁ%Fe Lo

stiffener disk is sur noun bg a protective I sk 21: zoel ectric
transducer asdtangdugeryetaisienassenibiynsasd saueerdikeidaprassianthavingradoktem, thedintfaaenal | y

b1 67001 ectr1 c kB PPE s Uf AR5 By IERA IR e sttie il Ber o i 5
addi ti onal |y pomretthe piezosleattictaishhcer, saitl suifide area rblatiordbipdasingpeaioi. theS 23.
The piezpelectric &;@nsduc%r gssenbly as clainmed in claim19 in which there
i s addf'ti onalf88° 9 SSEREEY %63rpressi ble material in the second opening. 24.

The pi ezoel ect ri @ chirmfedWpekin@ &5RRE Vottbin 61 tBé BRMellikeldepleRigDthtdhghttheh there
is additionally present a conpressible material in the second opening. 30

25 WD 02/ 09985ontecaftheporiyingdansdycerygfaingr huh, theduteriprofithexeeciviog transsiyesrb| y as
clainmed in cl g | ' [ hid . i bl e
mater i al | in t Ao b {0l ho odifhg nikapO R bldrRHE HoteRIRE Binsthudep FREiS°

gl eioeISectéri %%SemwmﬁﬁdfmpbszaWWﬁg{ mount i lng_ the sti f}‘e_ner L

i sk. . ezoel ect ri ransducer, ,ass .as .clajed.i,n,claim1 in
whi ch t%%r e i rs]‘g' a |Rl?%ﬁéfw%‘ap@‘é‘?ﬂassa?"@ynﬁrc@g%f”ea?fﬁ} &‘Pﬂ%‘f}hth?ﬁés second
openi ng, an adlzepresent] Aleast Sne provectivetiski sifm@inting Sleghidzotlecttic fagsduesd . a

tiff di ti t he adhesive
stittener d Sk19.s réoplfgzole egtric transducer assembly 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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27. The piezoelectric transducer assenbly as clainmed in claiml in which
there is 10 additionally present a conpressible material in the second
openi ng, an adhesive tape surnmounting the piezoelectric transducer, a
stiffener WGWKR/WNMSAOUNti ng t he adhesive tape, a protecti PETASILIB686
surnounting the stiffener disk. 28. The piezoelectric transducer assenbly

as claimed in r.|ct factured
froma materi &? aJ&H]%B%%?CFﬁ’cYﬁT ‘§+"8’5%g"2“10'§y du‘#mgﬂg‘ggﬁﬁ cﬁlt@@% :

st ai nl ess st eallditionlly)prexeitandognprestible matb:ﬁﬁslstheaadmdbpen)ng; laastifferer diskm 20

29. The piezoel ectri,.c transdticer assenbly as clainmed in clai m 1 erein
the piezoel eétppauntingthe piszecleqtrc Foeba RIRigCtVesover SHERQURtNg hefitiepty ¢ r om
a group consiggki ng essentially of : (i) stainless steel, (ii) ceram c, 25
(iii) brass, and iv) plastic film 30. The piezoel ectric transducer
assenbl b as cR8i nddeipiczeslegtrie Eﬂﬂﬁﬂmﬁﬁemhb’ asiclpimed imalaimy ], igpdielcbereigt aj ner

assenbly and '%ISI t I 8 3Bkning, ah GalERAK et ur ed
froma solid ra&? p\%gg&féo e pi ezoﬁ%ct%g@@a%dﬂ%e assenbly as
claimed in cl sinmdftingthe piazot¢lbdric tiusducens iffendr disk syohamtiog theradhesivee gr oup
consisting essentially of: 26 WD 02/ 099852 PCT/ US02/08686 5 10 15 i.

pol yethylene ii. polypropylene, iii. fluorinated polyners selected from
a. pol yt etraf bgor agilelpidzeélectric 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,
(ii) 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,
(ii) 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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b. fluorinated ethyl enepropylene, c. perfluoroal koxys copol yners, d.

pol ychl orotrifluoroethylene, e. ethylene tetrafluoroethylene, and, f.

pol yvi nyl i dene fluoride, iv. silicone polyners, v. nylon, vi. synthetic
resins, viWOpn¥9983 selected from a. alum num b. coppe®PCTASA2/08586 al | oys
of al um num and copper. 32. The piezoelectric transducer assenbly as

claimed in claim 31 wherei,n t [ material is a regul atory agency
approved or conpliant mat et | g{;ﬁ'et\%ﬁigirléeji n the regulatory agency is selected

fromthe group consisting iesgpelyptoplleye,of : 20 A. United States Food and Drug
Adm nistration, B. United,States. rtment. of é riculture, C. Canada AG
D. National Sanitation Fodﬁdgl%f”a‘i‘ﬁte ymers selgcted. g’? 25 33. The

pi ezoel ectric transducer assemp| roBfetffidbiRehylefie Cl ai m 31 wherein the solid
material _is polytetrafluoroethylene. 34. The piezoelectric transducer
assenbly>as clained in claim 1%- vifnoriantad ethglenensepilengol e tr ansducer ret ai ner

assenbly and the receiving traps Hg{? i ly are manufactured
fromsolid polytetrafl uroethyl g'ngi.é r%@?%%@@égﬁgbﬁ/ US02/ 08686 35. The
pi ezoel ectric transducer assenil yohwhiretiiflackosthylehgi m 1 wherein the

i nsertabl e transducer retainer _asgembl y and th ecel yi ng transducer
retainer assenbly are manuf acFUregyT%pﬁ?ﬂa@g’ﬂo Elgiﬁ'lffﬁpé’pyl ene. 36. The

pi ezoel ectric transducer assenfil ypotgisylilefiefludridec! ai m 17 wherein the 5

i nsertabl e transducer retai ner,,assenPI and the receiving transducer

v. nylon,
vi. synthetic resins,
vii. metals selected from:
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. 3ADairy.
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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are manufactured from solid pol ypropylene. 37. A nethod of nonitoring a gas
punp, the nethod conprising: (1) providing a gas punp that has a

pi ezoel ectric transducer assenbly operably attached thereto such that the

pi ezoel ect WQMY®92832ducer assenbly is 10 operably connect ®dTiusoz/08686cxhaust

outl et of the gas punp such that the exhaust pulse of the gas punp directly

or indirectlyqknp : .ezoel ' 1. ; . . l.ezpel ectric
transducer as g g'nbﬁ?/l%%te%P?e%eggw [ ﬁ%g?%gmh%%%%s@%i%ﬁ] \;\e‘é’]é%élﬁﬁ% exhaust

pul ses such fsettablérzansdudee retasifermesentbdy ard thel raceivinfg ttansduceramtaiver dssemblyi ned.
15 38.. The nethod of, rmn'é_ori ng.a gas W as claimed in claim37, wherein
addi ti onal |y, HeHBFMRcLrg P’é‘ﬁ°ﬁ???‘3’l’ﬁ°ﬂ "ch the gas punp input gas flowis

adj usted Wi t h36r ek giezelbdific iRRALIeR BFEiblyQB CRIM&ini ciuif! 17)whef$in thehe
pi ezoel ectric,t rarﬁducer assenbly as claiped in ¢claim]l that _is confjgured

as a gae di f f iRsertable fransdycer reteiner assembly)andrife recaiving drapsducerretsingr pssemplyy m 37

wherein the ng}elqﬁgm&'accuﬁg@ﬁ5ﬁlsbﬁglga¥pgbﬂieﬁél output electronics. 41. In

combi nation, a_gas punp and a piezoelectric transducer assenbly as clai nmed
in claimi, wlér eAmethed efamoniionipg agas puvep, thexmethpdcamprising: ansducer assenbl y
are operably connected tgnal L 4 1t Ord D 5 42. In
conbi nation, a gas punp agg ab%:%d%ﬁ(g?g%&hmg)*é{glﬁg%gfggofd%ﬁceﬂ yucglg cl ai med
in claim17, atsemblyopetablyattaciedtheratodutnthapthe pizedadertrid ttanksduesaiseablyds senbl y

05/ 00ohlbrcr! cBSaNs shseld hihe Febautf oot Rt by 05 er e R i, o o
conprising i noﬁﬂm@h@ﬁ&dlﬁﬂ}'reo'ﬂ@gﬁ- Eﬁdﬁ@cﬁaﬁnp%uﬁgw(ﬁézjomaﬁb%ﬁﬂueﬁtdfm

transducer assenbly as clainmed in claiml, iii) a control systemfor the

conbi nat i on. RigzogleciEiatransincsr assemblyor i ng a gas punp, the system conprising
in combi nation: (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 (III) 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. Incombination, 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.

30
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(i) a gas punp, (ii) a piezoelectric transducer assenbly as clainmed in
claim17, and 10 (iii) a control systemfor the conbination. 45. A

manuf acturi ng operation in which at | east one systemas clained in claim43
s wused. A900pp99gmuf acturing operation in which at | east rOTRUSSYBE686N aS
claimed in claim44 is wused. 15 47. A manufacturing operation as cl ai ned

L A b AP

manuf act uri ng operation as(x| aigaepuhpy cl aim 45 in which nitric acid is
used. 50. A manufacturing.operatign as clained in claim45 |jn_which
%F‘ftﬂgtr PoFF AR a8iclamedn g Bi'm 45 i n

caustic is used. 20 51. A YWandP&H
whi ch food is gggocessed. 52. A manufacturing operation as clainmed in claim

45 in which food is manufactured. 25 30 29 o
5 (ii1) a control system for the combination.

44. A system for monitoring a gas pump, the system comprising in combination:
(i) agaspump,
(i) apiezoelectric transducer assembly as claimed in claim 17,
and
10 (iii) 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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