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VI BRATI ONSYSTEMS AND METHODS CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains
woheosiensiit of U. S. Provisional Application NeCT/US2006/014654

60/ 684, 720, filed May 25, 2005, entitled "Aerosolizer

System Wth Reusabl e Conponents And Met hods For

Maki ng," the conplete disclosure of which is herein

i ncor por aNIBRATHON $SYSTEBSARNRDMETHOBS| NVENTI ON

[0002] This invention relates generally to a vibration

syst em t QROSSEREEFRBNCE TO R £TED A TICATIONS | on

froma vibration-induci ng nenber to produce axi al

vibration in a vibratabl e nenber thr ou}g{? a. support
[0001] rebis epplication clairas the bgnetiind 55 rRrpvisiopplopprlicgtion Ne. 60/684,720,

filed l\/f’aﬁg?gSe ?66"9 eﬁff@é&ikﬁ&oﬁzeﬁﬁ%ﬂ QRkER LBl Ufts'And Methods
I'mpaft's dltrasonic oscillation to a vibrat e plate,
For Mykauig,?” ciel comipleta disclosat iofi gyhigheis hetetn inosripbiates)) byplefitrencaf
an aerosol generator device, wherein the vibrating
plate is perforated with holes and is operable in a
fluid medi um g GRAANDVE TR AWENYESGUl in the
field of ultrasonic wave transmssion in a fluid
[0002] me'fhis imventibu tilaigs gametallydo alvitmatieusystem hateffinendy transfers radial

. ..sopar, depth sonar and obstacle detecting sonar.
vibraticip 5} 2 BBAISRID AR R ReIcP PieAtss SiighyibTion i v brpgble
membettRioaER d sUSPorEmB8mPBECEAEIRES St GnHERMABRUGBtibR I Erefedicm

of aring are well-known in the art. For exanple, in

embodiyaertisrapiegoglecipict trans@iceringepsts péivasonic\piseitatieibioea ‘ﬁbmteg)le plate,
. hayi ng.at. | eas e.no nj L0 4S.:se
pric 8 B RS540 OG0l AT A2

vibratih@plalteis pefoatedolith hblas and ©loperabledh adluideikium. aThe invention may
di spl acement to discharge a snmall, quantity, of liquid
also usefil gy ths fekdohgiasonicopers trgsmsyion:in arilwd yicdivan H@&%ﬂ% gyt not
o [ I vi.[r is.directly
e L
central openjng.in the piezpelectric.ring; for .
100031, Brisices Whereidskiiplse dpehirs BifLe 16Veraied psing(g pisgoslggtrip dyansducer
in the HPmYt réerfnéeiif@ R8s owhARR &t Rhmple, i MaetZd U.SWPat. No.
5,518,179, Ross et al U'S. Pat. No. 5,261,601 and
4,605, B8l e ydhratblegilateh®/inPat Ieaslone oLb2ohihgtherem iseecured to a rigid
. Vibratin evi ces .wher ei ci.ycular vibratabl.e plat.e
housing i 8 e eEs ol a <oy ftedo PhHeifa fifef =
displad®Bi¥REto difdhargb@sihei quaity T ligRidX@RARH thedndrzle opening. In other
. piezoelectric ring. Wen act'uated, the piezoelectric _
devices flesgribedinathe ariy meircularyibratablgpdate isdirastly E@ndqddo dlprepigeeslectric
. in a "bendi ng, node” .that .vib S V] . .
ring s g TR re b A mib B ES Tt QB3 Fedl L

Toda (ASePHRNGf S2OTUTBH AbetheOeaaiptet Hufibsistdie ot al'efSuPhy No.
i gned concentrically wth each, ot her. when the

| h
5,518, 1% Rarath 2 b it N 5o 0N G 3visRe Shidher Painbior 962,212
dosorit¥T88ing SpROS WRBER Y GHer PREHARF PLadic o over the coniral
openinigredaghincaanuldt meaibky oo Myashar"y whidh i§ bemtedde alpiazsélagric ring.

When aslgtﬁgteisthe piezoelectric ring vibrates radially to cause the washer to operate in a
"bending mode" that vibrates the vibratable plate in the axial direction. When these types of
devices are manufactured the components must be carefully aligned concentrically with each
other when the vibratable plate is attached to the washer and the washer is positioned over the

opening in the piezoelectric ring,
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taught by Maehara, is also problematic. The reason is
that the entire body of the transducer vibrates, wth
weaow/Ipoist i ons vi brating at a small anplitude ROTWUSLME/014654
portions vibrating at an anplified anplitude. Wen the
transducer is installed on the rigid fixture, the
[0004] o sInsfall g asrltrageinict nahsdicst digehtlyeuhto Anigtdﬁamp pnb@einngisudh as

taught ﬁg;[\@;{eg%ra;is\aﬁrl{??@:gﬁgelq%ﬁs Jf@e ]Eeggqtﬂ 1t8 Etéat ?rfe QL 1re fCtH% J[r ducer
v1brate§xﬁ§h $orB38 fottion s $1BritoS & Bmiil RFplihRR ah@ sbihe pbtthfn@ﬁzﬂﬁ&mg at an
ate. The vibrations that are transmtted to the

amwlt%rimh&td@ S¥pen thepesasdncerid instdled ontthe Baidi forurss the jeecillation
ampht%ci(e ig lreci{lcgc{ a{\ﬁgt?lg n@%bf%g‘le\&ﬁ? glg{)f"a% %Ir?r%% é:#l%lol% %’h ?ﬁﬁ%?ez%glecmc

ring natireRp vibadibeind Bifr@dtions (4., X € apdl Ezaxes paitd iranstlisnmcti vidbeation to
to use only vibration in a single direction, e.g. the
the vibggting|plafe+ dBe vEwations gk estrqném&gi'éfteélge Elﬁﬁesarw%r@wmd the
contribufifh YHRE AXRH HiirRod 1lﬁ§y }{é pe[n%&l@& be gﬁltﬁfl? efeﬁ%uk ' ﬁ 'i’st therefore
retai ner nenbers, as describ

des1raH‘1btd £l ouk theatnda!nrdbles.ubﬂaabn of\ﬂne pﬁe%él,edﬂ:@ elsng endl tonlgsea)nly
s B R b2 IS kB0 n RS o
1ncludéﬂ%§1‘itﬁ{g?tﬂ§ V?Jrat@iale {aPe ot ?ésﬂlehpretaﬁner%ﬂezg or@Afgers", e.g. as

pi ezoel eCtrIC ring place with a
descnlmdormv&rtene 1ig . et alsU §eBatr Nbe@5|0r419ka$lfppettlral a hin@rplPtype tipsducer

on UGB 2B A REL B K64t B0 : BEL NeanePhPyT pi A bersone t

alUSrMII% 5/istp8 §V90ii1d0ﬁoldlnlglt1@ez et REdckiCrifig ROplhe With @|grommet e.g.
vi bration of £er orate ate to disperse a |liqui

id
as desaibed én BlsHiet al H.Sa ket BNox 629 474 andiEQmikims et pldU.S. Pat. No. 6, 382 522.
pi ezoel ectric transducer may be tubul ar and may expand
[0005]anThe shvieatskcribadalel ced irimstdbethd iridialt vibratioh of heiezetleatdt ring to
.. axis of the tube) to nove a perforate plat For
axial VLB €f A BEETHS DR AR g il Serhig b s o
.| .
dorce 005 RO ey L BHOEL S5 1o pAOA Gy G
the diragionsuflthe eamdral atiepfthiesute) tremdve @ pedpategtlatet Ker example, see
pi ezoe ric om the vibratable el ement so
wam% Fkﬁﬁ%]%qéﬁﬁg?gyéﬁéient can be subnerged in liquid
and the piezoelectric element can be electrically
[0006]| n&eherally ih lamzohlecmcqmn@ﬂuceﬁhetcﬂmmtessl@@l flyd eredium, such as

ation. my r Qv a3|n the
tose 5Py Bl R weE Bt BireniraliGEF el gpmew figm e
vibratdBid €lemaht sowhiat tBe Pibeathtsle slgmehﬁ;ahrtjec‘sabmefgea li@lityeid ,and ki
has ener gy-absorbi ng characteristics that_ danpen the

piezoetpstrid ¢lempifiran bplelectitfellp insplated fran #ha lequid.i B somgragese sijch
1nsu1at‘?(¥h %285 gﬁo%fedrkﬁéwg% x?gcl%g Irl)f’e%oafeétﬁg tele?rietnltt I{l/‘?theefkfs d)%&'?ﬁz}fenal

vi'ce are curre
Such migetial} whidé prsidisgblezgicsl insutativapalks Ay éner@‘ am;af‘ttmgcﬂmdenstlcs

i nterest are those which vi braiﬁ% an aperture @late r
that dagnes thepsepiiationagbitede pd dha pezoslscicdransgycerane heggfong

adversglggﬁaﬁ%%@%%%& 6L dfi€e.described in U S. Patent

[0007] There are currently a wide variety of aerosolizers and nebulizers. Of particular
interest are those which vibrate an aperture plate or other element to produce the aerosol.
Examples of some of these aerosolizers are described in U.S. Patent Nos. 5,169,740,

5,938,117, 6,540,154, 5,586,550, 5,750,647, 6,467,476, 6,014,970, 6,755,189, 6,814,071,
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- circular lgfes haweYra, U SPEPPBFLS WA 2lSp§osrEs

5,938, 117, 6, 540, 154, 5,586, 550, 5, 750, 647, 6, 467, 476,
6, 014, 970, 6, 755,189, 6, 814,071, 6,554, 201, 6, 732, 944,

w6 26052834, 6,845,770, and 6, 851, 626, each of wOTAIS20086/014654
i ncorporated herein by reference inits entirety. One
issue with aerosolizers (especially those used for

6,554,208(16,732,94n 16,6 168240 A 846,370t 66l yo 26 0rach Hif yehieh iguimepsporated

erin 2 LT 30 B PO Af e o
medicalBppIREEshsiRildehi¥RSRetosike HiFROS S Hor@imination ded céBos@EFr parts .

_the aerosolizer in good working order. Many of these
Certainpartsof Hresaetisplizerihat areexposethtodigyidsgnaycreeite be avaghadrqrdisposed

. transducers and,. ir I: I i .
ot o PSS BRI S PEAL TR R0 A
clean aB€, SR PpRFosiRtirl tfapsdidetseand Tinedr sbauisted electrdryichean be relatively
desirable to nake_ certain aerosol]j zEr conponent s

expenspvenpikipe dhesn disppiaklcompy aot hsmepmo fopsipje. Tilerefore, it may be
desirabl YT Qb ORRsof0G cgg'jpgﬁérﬁs Bl%me:pl&feaﬁlla?
present 1nvention are drrected to a vibration system
that efficiently transfers radial vibration froma
vi brati on-induci ng nenber to produce axial vibration
i n a vibrat apReEFRTMMARY GIOTHE BoRReTIONENbEr t hat
filters out undesirable vibration. In one particular
[0008] ar Damgremer et embddementi o the pnesenidueéntign memibieecterklp aydbrgiion

ul.ar. pjiezoelectric transducer havj.ng.a, central
s B U RS PO AR g procuc
axial vitraidh iaAd/ibaRbREUABAbEr tRRIBR & siFporhav@ber thit Klidrabut undesirable
cross-section for holding the circular plate; however,

vibratiem elncameipericnias aprapeenens thowbrasiop-indicnsmeebosmay b an ppnular

_ ther. artan . . . | C

pesoe B3 B ARBORIRRL Bl HEoVBIE T N DL e Lt

circulaf plaethdfthe suppbermanpdrieat havs 3. cibulanddid-saarion dbiierding the
arrangenents_of the present, inventi gn ef fectivel

Y
Blstcaevey i HBAVS PIGRR LaRESa R other
arrangé%érﬁs ltﬁ@%b%oﬂggﬁlﬁc}naé Ilﬁg%lsglqg @gﬁ?ﬁbtlé fohahl YRe aPi&ite & that it
operdtion In a flurd medium €.g. In an aerosolizer
may bereusaddomethtr appilichtiorfsu it hddition, lnéhep persrgumeants/efithée present invention

.provides_a nethod. for. self-ali.gning. the. onent,s Qf
etteti 1 plals 1SS0 ACOHE R rG ST st P B GOR e Hisgefore
particu?%rg;) depleatorvdgirAlnth @ MRlidiRdnm, 8%, MRkEadiBIlizacsiHiBn@bnt. Still

t system si npl e and i nexpensive. [0009] hi one or
furthemthegresebiodiergivngrovities ainbthad farselyadigaimgdhe corappnestscaita

. . nvention conprises thin circul ar .vi bratahl e, pl at e,
vibratigh ¥ysin S0mREHRG P Dt Bierige fing b B FRPult BbEhaNE Biek & S make
manufRit@RREHRC e dilnPl £AURLGRANi%.t he tubul ar nmenber. The

vi bratabl e plate nmay be concentrically disposed wthin

he. | f i - SPoSEd W
00095, TS5 b S B LB o

comprizboaithin bigculartvEbraciblcplateps tibaRr ofentbeehsldbig the viveatbiele phitte and a
the |l ocation of the vibratable plate,

Th .
piezoelsciicgEigsoupled to thegubulapssmberabite bl lrtscrapheeqpRentrically
dispos%?%éth@qu Lurﬁqéﬂ' &5 tafilwallbt GBul Ef;l%gr, GRY'3 ?ezBQl%c’Bﬂ%lﬁler% may be

ular menber to expan contract int _
concentrically positioned about the outer circumference of the tubular member at the location

of the vibratable plate. The piezoelectric ring is expandable and contractable in the radial
direction, which in turn causes the walls of the tubular member to expand and contract in the
radial direction. This movement of the tubular member walls expands and contracts the outer

circumference of the plate causing its middle region to oscillate (i.e. vibrate) in the axial
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radial direction. This novenent of the tubular nenber

wal | s expands and contracts the outer circunference of
woOheoophase causing its mddle region to oscill at&uSR006/014654

vibrate) in the axialdirection. Since the outer

circunference of the vibratable plate of the present

. directiomV&inte the onter pivgin fecameel ofiitichviibratahle & of tie pogsent mgemfon is

N N TR Y RIS

plane, lecotnﬁﬁst% Figt ARlesR R 6ln GRUrfBe N GrRNRE ibeatile PRite @ @UAdENtric
he plate) is 'secured at the surface of the

Washermrelmdeuhep atd)ds mcn@daa@ theswrfapreofcthp pieapelegidn ring aetoss the central

opemng gﬁ%%gzgote ect%c:ﬁnrr]gg th[e sra ggé @%?%f@?@%%gﬁe?%g\{h% is more
symméifiéallyi ppaéddal the Pibadtebleblatd\ef the Bt inveweiohi on. [ 0010]
I n one enbodi nent, the vibratable pl ate may be an

aper I
1001012 P dric e stH%“rlé’ PP Baf bbbl bl ARG fludes a
plurah‘@'l c&’ﬁ@dﬁﬁ%/}aﬂ@ﬁuﬁ@l apd ?Cbrﬁﬁr&l}gﬂc}ﬁflb-lsh@edt The Epﬂsrlalr:]rd :pgqm)magd be

within the unmen of the tuhular r. that, ho t he
coupled .3 MpuBting structiye ﬂﬁ@ﬂ?ﬁchﬂLiﬁP theupen 0? tHblarge 8ffttﬁat holds
the apetrtlﬂlg f,)l'zl{% enﬁ'ﬁ:ﬁpc@ Fo the QA1 ok o?@ﬁg ﬁ@ﬁlaﬁﬂf@ﬁl@bﬂent t he

ar ‘menber nmay be fabricated froma
I lic ter

1001110 2 Rl PRpeRbiEnn oy Dulet SePR eg % Fpstacel fpmagamosive

res1sta1f1t| B&hlicendtbid), $\@ld p?a;lla@mﬁ‘x/mkﬁ‘&%llbiﬂ 8istBinfesiBleblNand have flexible
hi ckness. I n of her enbodi nents, the tubul ar nenber

thin wedbye golepy thew 0.4 npmag tthlgkfmﬁﬁ elnj ofher earhodivagnts, g twhalagmember

e reS|I| n
el L e e S
elastor6@1RispSsee thedifl tiex pRcWe thehybiliemphbaaebe @bmpfbsﬁechgld dxpanded
anot her enbodi nent, the piezoelectric ring may

by the PHERISHTIETNE oM Aaiar GRS G e PieAPReGtic TIag Biap e removable
from tlr?retatil/lﬁ% @ln'b&aﬁd‘l eci: A o‘ﬁi%? l‘f‘ca 151#% FdiiRy Qer i SIe,ntﬁﬁg%ular

apere or m a
membgi rﬁi}d@é fapéred © fdrmgl "ltgpep ﬂcmké vﬂnetdneﬂwmeﬁzbe]tthctriﬂgib gress-fitted
nber. In a still_ further enbodinent, the . .
with thﬁ.tg%@ rmber Ip PGl ABghes @mﬂ?eiqb Hhe Dlersierdtc 1ine iy be
permaﬁ%@géﬁﬁdé@t%t%ﬁé tu'bﬁla? HeMRP1d fot8ndhtepdl fmit.[ 0012] I'n one

ment a tubul ar nenber contalnlng an aperture

I TR e Se—
couplel Q@ a &R RIoAT o fMRINRE br theQede@ir Mk ?Bb én ife& bR &Tthe aibule

aperture plate within the tubular nenber, mthis way

membehenthahkqug @rwpbeqouoéh@ apestuys pletervadhin theisbelarmend ot l’mﬁhls

t.he Jj nve 0 re.e
way, W(,;nrg:g rﬂium, X Ptﬁ.}' aqriate 1 %ka%(f i a% gr%ig%c% vg}g} !(1)12 glf\\?e%&g{l Q[q%fl(? ?roplets are
€j ectedifrbllnrtﬁe aprtubepleiesn ﬂ&ﬂ@nﬁbff@h at1idol0 Wipgionpidy, iapivey Iyiajaﬁe disposed
i ezoel ectric rlngpto assi st in vibrating

the
about %@p{j peripfiery of the piazeclpgtis aao Ay ubwggptlﬁg the aperture plate at its
resonaﬁf‘ﬁ&ﬂi H@Et i filaghehid BReleHPil Aibui% %ﬁbé’?‘%ﬂd 'ﬂ%gplezoelectnc ring

tric ring are not integrate
are notrmmramd with GherrieseygoinrO-oinge or sthed salmyaydm pouiMed beiween the

bet n the reservoir and he .tu nber to serve..
TeSCIVRYE aﬁﬁw.t&bﬁm@m F AP SCIVR 2% 1%‘1"1@\7@% kﬁ@rﬂfﬁ‘ﬁ# genigpination of

the piezoelectric ring, and also provide damping the piezoelectric ring and the aerosolizer

housing, thereby increasing the efficiency of the system. In another embodiment, the tubular
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t he piezoelectric ring, and al so provide danping the
pi ezoel ectric ring and the aerosolizer housing,
woOheresabyisi ncr easi ng the efficiency of the systear/usmos/ 014654

anot her enbodi nent, the tubul arnmenber nmay be

"press-fitted" &L.e. forman "interference fit") with
membeg narysheh press-fotedh (ireg faam arHntedersneafit’) with@idjcharge@pening of the
I,esew%rn‘oodiment of the invention, the reservoir and the

Yubul ar menber containing the aperture plate may be

integrated as a single unit, and the piezoelectric
[0013] j kapneeymbedingent @f heanventieny the sgsowyior afl thgvebalar Bwaibc er

contaifle L AYRLTREP b s LMAT PR Pkl g
may beuslidesiier e reserv@nviht a@bsdlizeMosiohf tagness sitwritihihe tiibiudar member.

. reservoir or tubular nmenber, or from aerosol produced
In this By the PigFepletiFis ring ay berrmaNedt WEhoW Robatiabspntamigation from

substarE:'g? e rréﬂer\rcﬁm @ ari REmb 0L ﬁ‘{)m%f%gfi %r]B'HI_Yrci?g%y the aperture

nded together as an integral unit.
plate. In drodharembeydhem thé picheslgtesang andthertbuwar meybdyenay be bonded
h i ncor por atafd gnto a variety of products and may be
togethet 38 AR SpiEgF Wmhomer supplies, electronics to vibrate
the vi brationi nduci ng nenber, and the |like hi one
[0014] e rBlaaivibeation system\af Breguressnt myentomn rosy béimcprpesased into a variety of

invention is connected to a.power._ supply..usi a, fi.rst

producl il ipazbe pohpeteR Furiver ptisr it o (e g Aoration

inducirf%?hfeﬁ@@r, @hd tHedikei €7 68 @Ebddifehit, tHE \Ahdtion SREDN Of belpResent
a

) that nmakes electrical contact wth a second surface of
inventipp s ¢anpeeted éha PoerEHPR]Y sk arfirstryig thajymakes ¢lggfripal contact with

a first %ugféa@% Sfltﬂeﬁ)i&ro%y\ﬁﬁ g%xﬁtr 8 H%Q%dﬁ% &i?gthgyﬁl?kesse%c 02 g?rgtact with a

ousing i n € vibration systemis
secondsurfabadf th @ybration-indadiag adnmben NThdse witts may Hellecated in grooves
reservoir and within the tubul ar nenber of the,
surrourdipg the; Qiterspepesnt thokeusingrn srhishthe yibraisytysted isagatqsp that
they arE TRYIAY4 KBS 1Y L{Ms"ﬂl eSS B PlithHEth P hARER mdrfbee BF tHRVibration
Include ventilators, continuous positive airway
systempr essur e ( CPAP) systens, hand-held nebulizers and the
like, as well as devices that utilize ultrasonic wave
[0015]t F BR&APISS bOFYoliikiPihbd bl eMBRYURS vibHAdnaFsteinT tRXHERINE invention
vari ous sonar devices.” As one exanple, “a ventilator
includeyengilaterspegntivoonsmosibive ajreay presedre { GBARY syséanas, hijed-held
.vi bration system of, the present invention be. . . :
nebuligf ol VSN B ey iEs BERAL el NfieotlsdtSRissign in o fuid
medim@EARhAL S@r Byanhfle, Watibliddon@nd &) éek & Msionk @ximpley £ 0értll&bOircuit
circuit. As another exanple, an aerosolizer nmay be

may copppiseralength obfubing, andthg yialemeystennolihp presert ayeptionanay be

o] S (BB G0 LB O BRAGE A o
ventilawirieiratit.n ds apethetgxampla e aaneolzeeniag te chiishugiedtofa housing

. hout hpi ece a into.the respiratory.systemaf the,
hawng@st@?l}tﬁpweq 61]“{1 33% R HERY Olhe PRENGo @AY BALSEP il e

housingRo 814 TRLA Mool PRSUEA] by BIE Vit afing aperture plate are ejected through

the mouthpiece and into the respiratory system of the user.

[0016] One embodiment of the invention provides an exemplary method for making a
vibration system comprising the steps of inserting a vibratable plate into a support structure

that surrounds the plate; surrounding the support structure including vibratable plate with a
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vi bration system conprising the steps of inserting a
vi bratable plate into a support structure that

weunsspamgs the plate; surrounding the support BCTAGRAN6B14654
including vibratable plate with avibration-induci ng

menber that is configured to expand and contract
vibratiemifidabing memiber dlbat ua@qnﬁ@uteldéo vipandtand sontaent eadig hivend aetuating

I e e

suppor¥ bt Rufd atigl vibidfd: bf the vit&aplapldteul ar enbodl rrent
a nethod of making a vibration system conprises the

steps of providing a tubular nmenmber with a I|engthw se

| L& fn fises th
0017 0 AP R At B RIS ARk M B e
steps of peoviding n aibudatisernbertwith 4 lehgthwvisertemioey secyming/a durmxjaranbratable

pl.ezoel ectric ri cent er
plate S e ey ot e D bure e R RaIPCLardd i fepiral axs of the
tubulalorﬁglﬂbﬁi? gﬁfwdlﬁg ?5'1&691%&%9 tink ‘Baﬁhg 9 c3htet BAdniddl {REitioning the
circunference of the tubul ar mefber is in contact wth
tubulatt ihembemweithioithe canf@ropanieg of thelpeezopleaﬁrlngnmm thatte,outer

. i bration-jnd menber surrounds .t he vibratable
cireurnfr2ieE Qi R 1AE RS o CREA ST (R S sl RREfi Of the
opemnF'aﬁﬂ #d ABratioalisdutehd BB shfrotltl the!bibraablepiddewithin the tubular

0018] I n another enbodi nent, a nmethod of vibrating a

membes} andeseewring thesdbratien-indupiag atenihes i therwbuanmemberabl e

plate in a support structure that surrounds the entire
[0018]peln goeicy epibotlintenp| axhethod afebiating atpiste soprisds the steps of

structure including vibratable pI ate jntfo the central
1nsert11@g3@3 ﬁ}bﬁ@alﬂp plate N sppert SWW& ]ﬁ@ SHE! the, gqtirg periphery of the
plate, ﬁg’é}{lh eresq % ?ﬁﬂg@ﬂg i %91%?0@951 ng?a@’é kd the c@ﬂtgal opening of a

act ua vi bration-1nduci ng nmber to produce
v1brat10m{dmchicn@manberdhatam donf[guterdato texpandaegld| costradtiradisliyp pod actuating

mber that cayses axi.al ation of the vibratabl

the itgftiigndG0g BYLI R TG PGHe BB g FEERGpemst the
supp01tt hﬁﬁiﬂe@ﬂm@cﬁﬁ&é 24k \h@f&tﬁ&?%ﬂf HedibrivablelpigoNpPri ses the
steps of providing a vibration system conprising a

o5 4 2, AP BPAHE B B PPt Bl compris

the steﬁé §P1§}§€ﬂuﬁé0é3blﬂ3rét \Azbt%ﬁfcoﬁiphﬁmgfaﬁﬁl%ﬁﬁe Vﬂfrathlble aperture plate
i brat abl e pl at e, erein the tubul ar nenber

haVlngJ’@t ceﬁermcemﬂren@qe@lbuéawmbea apRAeatioglly ﬂbﬁppﬁﬂﬁ‘-ﬁbﬁﬂﬁ}éﬁ Awter
creun IR SRLSBINERY HGERESE PR he b o
cucumtbﬂ@h@d, afd ah Bchidimgbragebarduting mamhnlidr Icync&:np'mﬁg kdli@omddabout the

contractable to cause t he pert ate Vi br atg
outer qiggamigipage qfithe b “31 q Yigttan e BATOE, 3

r

radilly B @REb dhs ﬁ%ﬁ%fu%b?fénﬁ" 3&“& (B Rt PRIDE AR ahe £
directiph;sstupplying akquid mhedmrrteh‘etolthqaped’rureﬂhateane tite; tubwler member;

BB A B B o SR e
11qu1d kneﬂm‘%ﬁfénﬂ Bnd E@p}ﬁ%ﬁ% aflelr R8T PREgHkIeNEs MsFitoRf sydtem.

bration system of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0021] Fig. 2 is a partial cross-sectional view of the

assenbl ed vibration systemof Figs. | a and Ib. [0022]

woigw/123@1and 3b are cross-sectional side vi ewBCOfUSR(D6/014654

vi bration systemof Fig. 2. [0023] Fig. 4ais a

cross-sectional side view of one enbodi nent of an
[0020] adtigs bk hukib arecaspiidad perspadtize viewsof agibrafigpsystenrpfthesp
is a partial cross-sectional view of the aerosolizer
Thown in Fig. 4a. [0025] Fig. 4c is a perspective view
of the aerosolizer shown in Fig. 4a. [0026] K Fig. 4d is
[0021] a Fig.dsis agattial evess-setigaalwiewobtheassmed wRpionypemef Figs. la
and 1527 aerosolizer according to the invention. [0027] Fig.

ba is a perspective view of another enbodi nent of a

vibration system according to, the inventi.on. [0028].

[0022] FiKjgs. 3 and 3B agsfresseciionsd Sidg xiews sl gle v %Osﬁy{fﬂa Sthig. 2.

vi bration systemshown in Fig. 5a [0029] Fig. 6 is a _
[0023] pefig plads b esosyisestionf] sidmvikerofenb cuibodintenbdf an adrpgodizermgcording
stem according to the invention. [0030] Fig. 7ais a

Bctive view of another enbodi nent of an

aerosolizer according to the invention. [0031] Fig. 7b
[0024]i sFig. 4risspagiat iossra¢ctionalevien efithsfacraselizes shewn iy Bie. ¢

Fig. 7a. [0032] Fig. 8 is a cross-sectional side view
[0025] Of Fignatib @ perpbaiic s opfheaBroaslizes shavarein Eigsdem

according to the invention. DETAILED DESCRI PTI ON OF

THE | NVENT Al L - ' ' : .

100261 g, AT bR s g ARt HBoqiRRREE & ARotizer
according@fté ehe iAventiorr eby i ncorporated by reference in their
entirety to the sane extent as if each individua

PuR! ' i f QRibMEPon system accordin
002 G R e ey o R e R G B bHon o .
to the inmeiopor at ed by reference.[0034] It nust be noted

that, as used in this specification and the appended
[0028]C! Bz istaPRrt®d] BEHsk REctioMAMEew 1 the VABratiai Systé shownal BigeSa

the plural unless the content clearly dictates
100291 5 e ros by, S EE I el s ety ystem acconding
to the inb&ltléle one or nore such enbodi ments, versions or

aspects, unless otherw se clear fromthe context.

[0030][ 019%6’}21 fs'f} p%Esge&fver@&@ o IR B ol im S £ %h BERESIRRr according to
system of 't present 1 nvention conprises a vibratable

the invehtdére, a support nenber surroundi ng the vibratable
plate, and a

[0031] Fig. 7b is a cross-sectional side view of the aerosolizer of Fig. 7a.

inventi

.S
to the na

[0032] Fig. 8 is a cross-sectional side view of another embodiment of an aerosolizer system

according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0033] All publications, patents and patent applications cited herein, whether supra or
infra, are hereby incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and individually indicated

to be incorporated by reference.
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vi bration-i nduci ng nmenber surroundi ng the support
menber, wherein the vibration-inducing nenber is
woaondeiiguised to radi ally expand and contract agacmals200ke14654
support nenber so as to produce axial vibration of the
vi bratabl e plate. The follow ng detail ed description
[0034] i dt thuslet mded thalp atugsddn dris azbcﬁgtﬁ@ti@lm archthe @pperiled claims, the

. J ON. W L LEh ' b I ' i :
gt RFRSho PSR R0 SR Gyl el gt Yoy

otherwel ubul ar menber (cylindrical or tapered), into which
the circular vibratable plate is disposed, and the

[0035] VI}Q{@E@FQ@E&I&H%& LS mﬁeﬁts, ¢ e@gﬁﬂlna lor dbl?ecasﬁe&” \?\%alﬁiﬁclude
central opening, I.€. a plezoelectric ring, I1nhto I C

one or inbee Si¢hRATVod IS Verisidnsl bf ppsed, urtitsseterwiske tleahfromthb eontext.
understood that the invention is not limted to this

[0036] ©TRRGE TE Rore L@Qgﬂﬂneﬂ_@,ethte Withiddn %@f@ﬁ?éf tAB¥rRént invention
manufactured froma corrosion-réesistant netal, for

comprisssanyibmiabi¢ pliatel & suppsttanémbgrsefrenabihy thgriltiebBi8ate 306 a

.. ..or_416), titanium aqr -276 chrome/ nj ckel allox. . .

vibratiqnsingucipi G aR<h SyEFuangsFbs SUFPRE TEIBR AP DRSHLLF viorition-inducing

membe? SRRt 1B aRJIRI AphNEhdd Edhtct¥lalnSt thBatipgedimbRber so as to
effectively deflected by the piezoelectric ring. |

n -
produce axiabvibodiomed the vibratable pkise Jhe dollaviag dateiled descripion is directed
t ubul ar er is.inthe ra . . 0 ]

o one p s RaR TG o pledudifich BRI A e Buter, the
support tBhbaF ha¥erieulafBiséisection, &Hel tubslar meibekcylingipioslad tapered),
around its inner surface to which the periphery of the

into whilpthgrcitsiler pibsatebleplpteds dispaerdsandhibe yarratiqn-wdpeing gaember is an
. ' e : B
annulalgcgl:s% g%vdllgg g Ic%r?rfa? élgff?‘%%é Y.@P%]?lg%oél&%é Hﬁ% d@tré)]v[)@@ip file support member

cen axl's. ari ous
is disp¢re@z Dliwemtr;, itGhould s ukdawrood that e iavdntionys het Isnitddato Ithis
for use as the annul ar vibration-induci ng menber of
embodim@tyr esent i nvention. In one enmbodi ment, the
pi ezoel ectric ring may conprise any materi al
[0037] eXHhdfubitlagmembzombhye be maoufacupet froms, cofosioaxesigthat mefal, for

[ | ectr ' i.al L ead zi t
exampft, F5RLesE SEPAPIe TGO et b BIR A0, B AP ey 2 B
chromd/WRkSNARS (. RastiiRGet-258P St Hubalal hef®BShRBrably has relatively

thickness wth a céntral hole. Such piezoelectric

thin wallsrilyat can be effastivelyi deflegted baithepieeoelestp ring. ol onewnmbodiment, the

. Pi Ce ' , .. (APC). . k il | '
thickndsh & eI B o b e s PR AGAS Frrplr B A sty
about QI25EEY - In DA eRbeHARIE Cid tubulat GmbeymBe hawtpstetithtivictule disposed

alternating electric current at theselected freque cc){

aroundfifsgpner spefaes togduiel e praphasy affiee/ibrrblenles sravea qnge so that

it ex’cer{dsnat r@%qu'%eﬁlafﬁﬁﬁéncoq!tﬁé/ tu%ﬁﬂp Led: gé?P%cﬁ@LﬁaIItg i central axis.
controller a e e n

contains t ectr CS necessary to
control the vibration of the piezoe] ectr] i ng.
[0038]] oY aapusRiszOsIsE s AENES (Re TN dh Ehe; 35\ R AY L%Fﬂl@f‘r‘ﬁ% E%Lﬁsaﬁle annular

v RSt 0 5O BB
ring mey ewtiprisednyfr@erid ekhibitingpiemelstiviol freperti¢sh or example, a _
piezoeﬁﬁlpﬁ*épgctee:’cagﬁitc rgléag?r{ég c(hs?)é qgargldzsirc%plgte %i?arflta{ea(%%sf) Iop 1etag %ecce%(ljéb%lte (PN)
and may take the shape of a disc of substantially constant thickness with a central hole. Such
piezoelectric rings are commercially available, e.g. from American Piezo Ceramics, Inc.
(APC), Mackeyville, Pennsylvania, and from Morgan Electro Ceramics (MEC), Fairfield,

New Jersey. The piezoelectric ring may be supplied with an alternating electric current at the
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wal | s of tubular nenber in the vicinity of the
vi bratabl e plate. This novenent of the tubular nenber
woabdegi2eispands and contracts the periphery of PO®US2006/014654
vi bratable plate, thereby forcing the center of the
vibratable plate to oscillate in the axial direction,
selected fréquehOy fowea ppwatdudeyor atanmnde tthepreodledtic sxg suayfbet he

elecﬁc%lhjggglgqregtgggg%}tiﬁpsﬁlgtégggﬁcg etr E}%}; gél}%%lgg ld%%ercﬁré)yi C. ]rcié gg%ﬁsng%ﬁ to
controlttl{c’f‘ﬂﬁfé\%ﬁ%gﬁl{ér&fit gle \gqintgonl y the radial vibration can

transmtte vi bratabl e plate by the tubul ar

[0039] c&g?tgt{qrgﬁl\p% ¢ hjggth\é\%’gpt%cﬁf ﬁ%[ucg ﬁlgﬁs Ie%x?a%nié i%fgﬁflggéci \'Nﬁﬁlhr%ﬁ’e center
openin%%?ﬂﬂ%?ézb@l@ctﬂfc Rlg€ WidnCRtuaRidafyate hRerBEABEIEGHbal fields from the
venent is acconplished. The practice of the present

controllenbeipicoveledtioring bxpends arl canbreets i theggdipbdiracopagainst the

Lnstalled . dicectly.t. i gid S
wats o545 b B B PR By o Pt
membef QIS Bxpatds BEdEortavis figs feriphwiylvrfalid vibratatae plaey, tHepehyhfereing the
entire body. This is mainly because the ends of Btd]ge
center qfifheivipratallpiptate topspidletevn Hicaxial SHgC o i-&f (9MBOYF-P 45 down

sed.to_j. I ' ti : - L Qi

song 2500 51 AL NS, RGBSR Bk ety e
vibrate g1 dxk? direEtidreandneabeeaté s tanplecseesdrhce Weve oaly theradiar

. aperture plate or _oth%r str ctﬁre havi ng .a plu aIit}y][1
vibratiest cageansm i, o fipridrtablcRlpig by SheBbiias Rampepn & GisdEssthe
superpéﬁ?or%fcfo‘hﬂfﬁin@ LRt Y 04e Rs LiRidattaUnale BBk FanSiBtod b

prezoelectric ring I's actuated, the aperture plate

electricabaidrgptoanedanahmovenent fsccompised| iThaiptacieopf the prasent

. .be ejected fraomi.he apertures. The.resultant.aerns

imeniRgg b S s G BB S o

frame SFRHORSIHg off 89 4dbsdliZRA hblizeAsd dthetsRiide, Witheutdhviapelid wbgtion
plate i's one having tapered apertures that taper from

transfet tocths entirgdody.oibisds inaiply breapsedhe andsoofithetubyler membrhde got
.. the dropl et j ect ALSO,. | i ,
ore b SRRy B e SR SRR SR SRRELRRY

invention is not limted to _only such_aperture pl atpﬁ

! S.
[0040] pr Biceiny eficayasy b arpedubsusedlyl vispdhe tubg|ag msather isenppayed to
[ 309 ' | &CtWhé&
o sf 9 ot O S5ty AL Bl Bt gregharghn
liquid ishgplidi@rinecideatthatgsrtuiepdate throtglSthe Pattdartmétoler and the
] 6,235,177 and 5, 758, 637, .Jincorporated herein b .
piczoelefirie i AciAtcy B¢ ARG BB HENAS i & HBg RNy iauid
i | . P feQAMEPEH 0l id)anEPRIGishen@d out the
dmple%tggg% g:%%teﬁﬁrzo\ﬁltl gfeg‘gglﬁ%ﬂsoo Kﬁz, Tor gxanpepg, aboultS I§L28
open efdhaf theruaiathembgr ef erred enbodi ment, the droplets may
have a size suitable for use in pharnmaceutics, for
4118 X AkSouldrly dde8i11 HRRAE apdrfit BRAUE ode Wheih fddsapbfitifes it taper
100 ]about 6umnB, and t}ﬁ_% | iagui d %ay be aer osgrﬁiﬁ;ed g_t a .
from theatuefaicn coriactingrieliquié ta tis sutfad-wigeraiherdsppletsiasy ejgeiehg/lso, in

042] Referring now to Fligs. | I b P
some s oo et ppsain Vs oo Ao g BEGvenion s vo
limitedoldnd§ s1RM apYHER ?cl)a;t&. TRaRiTes eseritirdpRtahey pvatehitRisss in the

t ubul ar menber and _ _
range of 20 to 100 microns. Examples of piezoelectric materials and aperture plates that may

be used with the invention are described in U.S. Patent Nos. 6,235,177 and 5,758,637,

incorporated herein by reference. In another embodiment, the piezoelectric ring may be

vibrated at a frequency in the range from about 20 Khz to about 500 Khz, for example, about
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pi ezoel ectric ring 103. Tubul ar nmenber 102 has an
outer circunference 104 and an inner circunference
waQee/mehisch t oget her define a relatively thin PCT/US2006/014654
cylindrical wall, preferably having a thickness in the
range fromabout O0.1lmmto O.5mm The hol | ow center )
128 Kht! inenmtherfprefityed embodintset, tikodtopletsmarahays & stzeosydtabla der use in
106, and 107 at .opposi ng.ends thereof. u
pharmaGisey gF EXEr S0 T oRE TR BRGNS (Bl B gPay e and
the liqRERAG BEiaEekNided ot h P4 irWMG arfple oM hISSR 5CHD hilRolitEshsetdifd.
[umen of tubular nmenber 102 at a | ocation, preferably

tral | ' t ' . A
00421 5 E58ehRoph 5Tk B B BB AR fgprion v
be desdPibBE.OVIREHdT $/stERt B0 tethpiRY ivitgatable phite t 0 h ehituldGBembdri102 and

) circunference 112 approxi mately equal tQ the outer
piezoelggtrie ging d Pan d ebulgrmember i has aponise cirqypierepeg Q¢ p4 an inner

. | at i LI C . . .
ceunfh 865 5 SOTRGTR dSHEEY L6, 041 GhABRELI, sy i
a thickdék® in {hePAPE from abeutPetnwado 6f5Snmak Theholldw atnten(lsyst)arfitubular

10, netallic tubul ar nmber 102 may first. be vi ded
membey;L PR terpipatssHg OBENRSt Uﬁwﬂﬂ?% Owﬁﬁ%@da%hqrﬁég ag?un%ng
|coRfRach o GHUT R Otidlardy hBEARGN

structuffP4 9 oS AL e MBI g Rl OEARREY
circumfsddnced Y5 tte theblemeared éuhiuldar azdnhyer d D2 pbs g atipr, pirefenahky a central

. n of tubul nme 02 wih the Lower surface of ..
tocatiop s oPFI g 506 501 [P GRBBTIR/IE | oc B ehpdy disc of
piezoeREriT R Yadihk UCehendld 108 RGh diftubiTereAes EI2 dppidimetely equal

of vibratable plate 101 abuttlng i nner circunference
b

to the qus circumérerfdedifgof tdmlasmspter 4020 Vébrplableelate 10fggmprises
. d i. . . ' ' |
ciruts il FfheprIog s 0y B MELHER el M Bosn B

allurgic cess ‘such
as brazing, welding, soldering or the |like, or
[0043] ¢ Harving anethpshef gkips sibaaiionsyermd, mekdle poulss mﬁlﬁ&? 102 may
¢ . ’ fazi . .
st o Ry B RRE LS IBQALTER o M2 0
circumfi@éreei 186 at & l@gation sjuidistant HEm 2086 Hed ahdatly. 30itratdppplaie 101 may

be pl db h f f ti
then besgongeR UL R PoRIMETEhe g odaeppEy PRt tsaver
surfacer @ irc %Erﬂgﬂ%él fa(? e}ﬁ)%%tgﬁﬁgérl] gvéi‘fthé Wk irre 'Ui’%ow]a@ﬁge Istruc_ture 111

Vi br at brazi'ng ring may be held in

and withl the eutsy peripkeiygdf viptatabdeiplete 106 pbutting ifreacabinafannged05. Outer

Th sSse may. be pl gced in an oyen. an eat e

fange 19 ot vibrAHIE SRRl HRY b SRR SEunPudtine Yiu AT LGS

suitab1® %iﬁﬁg?%deﬁuﬂeoé.g. 4 PRtaNufdi ¢ fockRAAEIN B biiafing, welding, soldering or
conventional brazing procedure. In another enbodinent,

the likesjo p gherbicel iyinging progesgaychips agdhesiearkagdi® o nount i ng
structure 111 using soldering materials, such as

[0044]at IbhEREferRddaibodimen] £braging ring\We v e titalilb torrosidlndistmy

_not be suitable if the assenbly is to be exposed to
brazing §]lex reatgtialy prgc upixEEP op Y &p gpkt d1d30% Foprshangebe placed between

v I L SLA05 B3 ¢081 o o Sasnetante o
The enfidOASImENGE tudirahahber 102 atibraidble platesled wine dravingussg thp be

| umen of tubul ar menber 102,
held in place by a weight placed on top of vi%ratable plate 101. The assembly may be placed

in an oven and heated to a temperature sufficient to melt the brazing 1 and permanently join
the surfaces together in a conventional brazing procedure. In another embodiment, vibratable

plate 101 may be soldered onto mounting structure 111 using soldering materials, such as a

10
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tubul ar menber 102 nmay be positioned within center

hol e 108 of piezoelectric ring 103. In one enbodi nent,
woubnsiiarismenber 102 may be placed in a fixtureprPChas2006/014654

hol ds tubul ar nenber 102 upright, and piezoelectric

ring 103 may be slid | engthwi se down tubul ar menber
tin/lead gsldering tatpiial 7 ey esist.rthis metherd 111@3 nefie switabls if the apsembly is to be

erence 104.at a l.ocaty |rec I
expose%i&o fl.ﬁlgf él&lé‘?%cgﬁtl aflp%ﬁ]fﬁt]]oﬂﬁ @1[ Jléf?% { &ﬁ)sfgt%ﬁ% pTaQe 101
may be/ddtit dBtcEmphaing shddtued1 i lnEbeﬁlu@SdIﬁ@Bff lesee maskdih5 of
tubul ar nmenber 102. CQuter circunference 104 of tubul ar

I T e i e e

tubularemgmbéryl (deposhe posiiched mﬂmbb@térllmlﬂ tOSaﬁhm&loebcmoaurgﬂ 03. In

t he, juncture of circunf erence 104 renc
one emppgiryeath telasigemher Wdaay beplagedyn a\?@n&’we&ﬁtffﬁ tubfgfgmernber
02 R ShY SR, B3OSR S LIS M o 0
until ptezoetlemm gng hedrberouhd themmdr@ugtumfaﬂemlel 194 tahe lavdhies divectly

| d f el ast
coressiE 12 T raLone T FeDar SET e 111 ggd viordblRaie |horper
circumféeeR 1083 %l@ularﬁ&rﬁ!?éi“l@ye Oul® cittlih iR et10308 hdyul@fmember 102

vibration, this is not possible for ané)@adhe& ve. Most
and cirgeméarenpedll2 af bengénode { Guinipieselspisieyinenifenay thet be bondsd

togeth G 4ol B GRALC i dh Rl e Rt EBehe AP R unfsronce

104 antifcnﬁwrh&iﬂeﬂc@ 12D RhO ¥irivey tﬁle)édlﬁd%ﬁte skl wfvftl‘ﬂ%ﬂsllgbﬁs Txaidptsiee used
sui t abl e adhesi ves, nenti may be nade of various

shouldé)@@%patémf %fﬁa@n%btrenﬁmguvwgﬁors@em the Picaraletids HPS 9/03 to
oA Papibe et ARl SRl o MBb g iy

("Yournd'slviodilas't) oif therpicigeledftic ng; nafabgu*r @DIGP@ (GadiPakda)), to achieve the
d contr ct when a ernatin elec ic fie

ultmafg G G ALHP ERP RS Po. RiSAb IS B ahY S HgMoppiucturd adbesives

(such %@Uﬂg%wé‘ﬁ rﬂddlug.%i A fa)@/fi‘ctzlg\flgﬂ:ﬂégsuc 3ateril SR8 Gy HeCbbliBGPa,

contracts r S Its center opening
and sh()laiidrbetstlitame Oy thehemseat invantéch lkﬁyumdftw amtromltratetly ittzat fsilﬂlfds As

This r. cantractj.on cay. pi ezoel ectric r
examp{c3 o SR ROICRUEFEVER BRGLGLEGY DE PR Bt SPUMG SO0 o Ashetobic
adhesit 808 cRras BBRRRFcidl a\}aﬂaﬁlewicﬁfe@e%)?éxyoﬁd}i%@ﬁ@é §d)8 under the
structure 111 and thereby pinch the wall of tubular
trademadnbestitd.02. The constriction of tubul ar nember 102
causes flange 109 to also constrict radially and, as a

[0046]" €a¥ btevidulEy deedtitRl, pierddleviricdlg 003 Widonataed e fddaatney ckPand and
noves axially in direction A Wen actuated by a

contragisghsnpltemating p]@ctflp diedfls axe copmwpicpted o § viaglectric lines. For
examp(ﬁ?éé g% AfkGSEd | CF1 ? Pk%?el@&ﬂ%?@% 16%%51%%4&1 }ﬁﬁﬁg t5\9£?dh§’t§ center

er openi ng

openinigli{déddion ms;shuneacaiawdgayca fist e etrie ekl 1Tlﬂs aididl ubmﬂrmtlon causes
menber 102. This, rel ease of pressure allows fla

piezoelpggicying [f3ria Prehingiard alopg prier elzgraisrengs i ¢4 o @Pﬁﬂgwe@sr 102
in the Qifcm?t?%'ﬂﬂguﬁtl n%?r['&h}rghi %n&%%ﬁe%b? ul?(%h] the 'wr;lll%'f rhﬁﬁﬂérciﬂerﬁber 102.

S origl osition y alternating the

- The combkteiction of tﬁlbmlladmembeﬂm%&uaﬂ flange 109 to also constrict radially and, as a

result, the center portion 110 of vibratable plate 101 moves axially in direction A. When
actuated by a second electric field, as shown in Fig. 3b, piezoelectric ring 103 expands
radially away from its center opening (direction D’), thereby releasing the inward pressure

along circumference 104 of tubular member 102. This release of pressure allows flange 109

11
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oscillation (vibration) of center portion 110 between
the positions shown in Figs. 3a and 3b. [0047] As
wonewitousiy nmentioned, the vibration system of PCIAIS2006/014654
present invention is particularly useful for
aerosolizing liquids. Figs. 4a, 4b and 4c illustrate
to expaMraﬂ&rlkyswmchaiaum c&}t&t};mm«én ei@of agrtiee HetedOh tagove axially in

agrosolizer 40" accor a odi
srtion 38 30 S, S H A SR Tl e
oscﬂlatféﬁ 91b%ﬁ1o?1§‘8f‘céi’1fter;peﬁloﬁ' 199" tREwdR thep&itidd shbfn $AFRs. 3a and 3b.

onent. Refer |ng now to Fig. 4a, aerosolizer 40

00471 S AP EEsiy PR %tvg%ﬁ%lp g2 B AR pFesk BHRLCON 5 N9
particul ¥HP L3 Pfdr %&‘%Ecﬂfﬁrﬂg(lu%@dﬂ) IHiSE Yal 4Boatldedc iltesthes ariLQa'i‘osohzatlon
pi ezoel ectric ring 1 and aperture pl.ate 101. Upp

system (t@ﬁasingo Jn@rlrcwﬁnog@gzef #Q'9 /iy agqordeyge 8@%&%&9@8@6&’%%@? gresent
une. of

1nvent1%rb nﬂé aﬁanbe 1e elr%n%g Rg@b s %{%&Sefl cl)%gérl&e fi%?];eg gc? {/efoflélfko ?‘rhe same

compoﬁeﬁt NR 8@t rinpOndvn todFig Mwagesdhﬂaem Bdmpiedeis mpperthpusing 401,

lindrical walls 406. Engage tube 407 . d
detacha@ lower heusing )5 and yghyatien 3 %équﬁ (ﬁj%r Fig1); 1f)rat10n system 10

compné:eg%’ﬁﬁérr h&fbiM 0 gh}gigib%fe@ éiﬁ:fﬁ}e%lﬁle:)ml Upper housing

enconpasses cﬂ schiarge tube 4 Vi'bration

401 corpysées I’ff}sbﬁvmﬂ(ﬂd&pﬁgﬁeﬁ to h@lddiestodwha bf Ltqtad,gaa@ ediquid medlcament
upper OUSI with t r

and a g  Grer phab e on QSR o7 Erinalod i Sl fgpoe 404

deﬁnedogey c%?wﬁﬁh@él m@&@ ]@Q%ag@ﬁféﬁﬁmﬁb 82P ab@eddriyCeylinBhcal §)ls 408 of

configured e press fit within discharge tube

upper hd:ﬁsung A1 v ctdmcmteqachlm daspos¢darphmdanb@nafletglypngemppsses discharge

tub 402ysten110 bei ng configured to be press fit with
© ngagenent tube 407. When assenbl ed, the upper section
of tubul ar nmenber 102 of piezoel ectric r| n%l 103 js .

[0048]  (Vibyationsustpmsldds adapiod t@doﬁai.eba@h@h}b engagad Hid upRer hoysing 401,
with th%?lf)éear%gﬁf)on cﬁ‘t?rﬁugzgrl %ﬁl.gér_cll 05'0@91&&?01?%}?&& fd1 l @Hﬁ%e&f&ﬁ of

arge hi's press
tubulartridiib@r1 00RbbEs pidihleatiit hs IR bymgtcohfguod tcf bﬂ' pnsssaﬁt within

RS T T T NN S e
be pres% iy tw?ﬁlt e g%%é?néﬁ't R0 C IR dsbdihlddIhe Mt %cubﬁ‘&?fubular

conprises receiving tube 1 defined 4y
member)lbil roﬁ plezad:lem&ad: ting 202is fallpehemdssaddey digdarge tube 404 and the top

Cent i cal l Spos ound t ase 0 AR
surface AP TEoa ol g DR DG LA @é&}aﬁ%e&“%@ﬁﬁf ehfs Bss i
matmg(‘&flu'.lﬁiﬂéﬂ Hhéhbdalob $nd dRchd-p¥vRIbe MOU Fbridts AhkfuidBghtiRal that prevents

adapted to be detachably engaged with vibration system

liquid dischargtdupgre reshivogi4g into ﬂlsohﬂngﬁ thecdQ4dfimm ce@mg iggoptact with

]t§ bul ar nber 102 of vibration system 10 (i.e., that
piezoeleCGiTie B- t ubul ar member 102 bel ow pi ezoel ectric ring

103) being configured to be press fit within rece|V|
[0049]¢ Ubewar housingdORhicOMPESRS AP VINg BIvg L4 defiped BCBHFeY Y Tl 412,

ol . 555k B ERRRETO 055 o 1) ggr
chambérs4 fiuddfined bg oplpaikebwhlls 416c dionaddotsihe 405 may be adapted to be
detachably engaged with vibration system 10 and upper housing 401, with the lower section
of tubular member 102 of vibration system 10 (i.e., that section of tubular member 102 below
piezoelectric ring 103) being configured to be press fit within receiving tube 411 and with

annular flange 413 being configured to be press fit within engagement tube 407. When
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4 11 and forns a passageway directly into aeroso
chanber 414. The bottom surface of piezoelectric ring
woQacahuiss t he upper end of receiving tube 4 1PCT@S2006/014654
securely hold vibration system 10 wi thi n engagenent
tube 407. [0050] Referring now to Figs. 4b and 4c,
assembiéde firzdbwet section pfigbiBB8meBpebE)Xsig fwlly entonipased by receiving tube
l.ectric current. by wires 416 .and 417, f tteri.es
411 e FOTE Gripe S R Fire e Seinsp Bt T LR B SRS o
piezoclRQtfic éﬁ%_ 1@Y¥LRE (BhaRRE ehdloBrec&viak inibe A8 ReQHEINhoRNEbration
respectively nestled into grooves 418 and 419 cut
systemdfovithdn ehgagsmenplube $06f wal | s 415 of upper housing
401. Term nal end 420 of wire 416 nay enter engagenent
[0050] t UDEfed g HoRr UTIBs. apeni ue, pledelebirivailg HBmaytle sipied with an
~electrical contact with the upper surface of
electriquateatbywities 416 pryd Hofom battergsor apafherpoW S Soysce §uof grown).

Each og%greg ?{ &ind Wﬁ%ﬁgﬁg ghai)g ﬁlaa?]' o Z‘ﬁ}g}ﬁg&g@g“’m}ﬁlﬁﬂ%@s .e&i%;ﬂ hestled

upper ctrlca cont ac
into grodviel 41 $iend OyEeutsuenddke piriphbnzaferaist4l5ofuppe Hbosing 401.

0051] Cent ti 110 of t | ate 101 b
Termingb el SHARICET AL BBHEEIEy S PPRON G ot el Siel TR Lp g wll
415 an%f Egdt% telgcﬁﬁ:’a% SRR WwildQhd ypier LhPaddRY pid26bideiBic #RGI0Yr g‘érminal

aper fromthe rear 'side (facing reservoir 402)
end 421 of tvive 417 omdy siterengiifearentiibo 467 threvghiiole §2pimweall 41 Hogdupper

, rally vertical orientatiaon the:liquid from. .
nousin A kS o8 ERT S et B b oblieBiespa s
side of center portion 110 by force of gravity.
[0051] Pi e pation £1Q phapetnion nlate daﬁmaglheé@meos nef &l gopmetry,

xpand.and coniract n I [
atthoughy QP SHaPG BTG B, ISk oAt it S B B s that taper
from tifeikidd (Tacin@tdse®birt4oR)loate frontde. IWhenhaosalizes4d isqfiaced in a

and expands. In this vvag center portio 0 vi bratﬁis
generally veaticyl ayienipgionothe jligeid fqrg iesgrar2anay bs dekvered tp agdfest on

I . i i Aotk :
L e M
radially bgtand@nha sohtrae whéf actaated by aberabtingctlectris Gietdeatpplied by wires

vi bration_system 10 i.s_renovahl e om u r. housin
416 and] 7 a s 6@%&_ the et e gy nﬁmbtteﬁ i aky ,Cg&?%?taﬁ?%w%ﬂd& In
this Waé%,/ SR phidav @l}‘ib&%fg%eﬂ‘lﬁéb ek & Ll liﬁu?d(@t%ﬁi%'rt]svﬁom its front side

ezoel'ectric ring y be reused in other

“and ousifiel dpering am serokdd phambardding 401 and | ower housi ng 405,

whi ch may be able to be produced rel atively

[0052]1 NOXB §BCAnYRleYof usRY vitRatiinsSaeAerD BithflactésblizeAA0 RS be
advant age of using vibration system 10 is that the

constregtefssosthat ibxatian sysserbd P isgmorvable fion upprs sovsngi 0 baid Jpwer

.to. i gid.bodi es uch . . g ' 401
housinggS, 3 hicy 5) o BHE R P BB o RESE vy aletnd
piezoeldd@icEed 103 nhaythrdideddtinl dhepippiioatidrisl @ppletheuside401THniddower

enabl es aerosolizer 40 to nmore efficiently B;odu e

housingi49i wWhigh apsehesably bomITodusre FelftiN Ly BRRREASHEly, Mgy be discarded
after ugeg L%I?@ééel‘;a%fvaﬁgge bisusffﬁg%iiaﬁfioﬁ Qyst&h 99 % 1%Ethe 20aS8ubular member

102 may be connected directly to rigid bodies, such as wall 406 of upper housing 401 and
wall 412 of lower housing 405, without affecting the oscillating amplitude of aperture plate

110. This enables aerosolizer 40 to more efficiently produce liquid droplets.

[0053] Referring now to Fig. 4d, aerosolizer 40' is similar to aerosolizer 40 and comprises

upper housing 401” containing reservoir 402°, detachable lower housing 405’ containing
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upper housing 401 ' containing reservoir 402",
det achabl e | ower housi ng 405" contai ni ngaer 0so
woheoshieris414' , and vi bration system 10", whi chPCT/US2006/014654
conpri ses tubul ar nenber 102 plezoelectrlc r|ng 103
and aperture plate center ortlon 110’ . Howeve
aerosolaoaambcn A1#3rand yibratioresystane 10’s wbidheemprises iyhrlar mmb@@iOZ’

plezoelgmng 48,2_1 adﬁraiéfmlfe;})ﬂ?t% r(‘:tgl% ﬁlgl!r’ 5t &?i‘i g(gs Hztg?gevép In 6@1%§ohzer 407,

the uppRP§dctibR Bedibh@r iehlben 192t s het prewrfittifie dumhafgemlﬁél(lﬁh (asfshown
t ubul ar nenber 102' and di schar%e t ube 404' of_ housi ng

in Fig. 4g)1 but rpfher Qiringneh?0 raayl hepasiioned F 1l @gep petvyesh e pettion
revent 0 0 t -

of tubugar ! g@:ie% I{ﬁr %gﬁ (ralscflé}% %?o%%fgﬁ bf ho{llgl%g 48'_1 'ﬁr}gfgg t&xga% ) ﬁgmd tight

seal is iRl (HADPREVERSs Ilqinld feorg aﬁ‘.sebmin/ﬁEh ﬁbhﬁcolntm‘ﬁng pEzbeloctriofing
tubul ar _nmenber_ 102' and, r e

103", SieHiarHEOAES Febmagrha Besitoge to 4 §et eeees Ml SppbpERpof

tubulmﬁ%ﬁﬁ%llo.@’r Aueedvinsomaprar bPIo%ve? 'hahﬁn;g@@% % O b 1igHid-tight
rom contacting piezoelectric ring

seal thApeoedisnglogol rodmed fem apature plgtel@ster nalgtwbel 1Qr fomaoathcting

from co at i reve
piezocle PGS REIILS ar Aaror R A RSP0 08t P Rkt
contanglli‘eﬁloh't% I pBRERk RFForh 86k k& dsdb® affer li?érﬁ&‘a‘al fitoim ad@8solizer 40,
escribed i'n connection wth aerosolizer 40. Since
Withou()heltrg@tsdmmslansjreqﬂmefhfcé apqutﬁtoml@smeéém Roqusstigmyith
ott surfaces I € e I C L Vi
sros 5 TR B E8, El0 BUEA R Ptglf G AR S
piezoelirie rigRes’ etiﬁlé‘ét%go 4ﬂsbend fbdod:lémﬂé rihg U3 nyorAGhitect contact with
O rings 420 and 421 ma%/ so. have a d npenl ng effect
upper hawging 484 Lansklowsehensingst $oadPaings 43¢ pag %‘fm@?/l?x QiiayHa dampening
a
it FEATRRERIASELERS: e ek QolPAE RUEL A 43103 oo
housingd1 Sdnd 1awat1hﬁ1rs1rgmn)sdi ment of the present invention
wi |l be described. Vibration system 50 conprises a
[0054] Pi €206} 8CLHLG o tB@lésO 23 Ia.ﬁ(Y 55] Gndthef @ﬁlﬁ@dmféﬁﬁ@ﬂ tﬂg pRE4nt
Pi ezoelectrfc rin be constructed of
inventjohevitl dk detaribed. nﬁﬁl‘t&aﬁlfm sststmt 50 aaztnpmsey a@xqzanldstmmg 502 having a

SRR T M —
that raﬂlﬁllﬁ‘ gﬁﬂhﬁgaﬂ@cdﬁﬁla&s FNRhabfubtel] &tReviO&WMiisBihsded.t Subular member

I nternal | unmen 509 using any of the t echni ques
506 is dispeseil ivdthithepesiing 50Pand iaadsnserdierhosbepentye plate 508 within its

. nstrycted of a mat er
mternag ;I)ng?n[ %JO% YreHY 9 gﬁlegindhm ue%tdn Qér]lbeé lﬁ&t&lr?‘ lpﬁf rg?%‘téerr 506 may
be conSPE:tERYF 0Rdil atdérial, uak ke g Bajdrpdhstic] motak c5r11ﬁ11& or {hedikied @ubular
a good mechani cal contact w th piezoelectric ri 502.
memb rmay ersionally inslude prRipgionsEhb & p@@@e@egposén?%%%c@mact
. 0
wic SR B8 00 IR AERERL. O Aok SOy AL s
a goodrhdchandhladontacext endi ng from | ocations on its inner
circunference to corresponding | ocations on its outer
! g%h 16Nkt 891 kA4
[oossfnﬁeﬁggxﬁgﬁrg??rcsoﬁgﬁ SFinefagen L §r A8 REHEASER y
extending from locations on its inner clrcumference to corresponding locations on its outer

circumference. These segments may be constructed from an elastomeric material and
positioned in various locations. Resilient segments 511 permit tubular member 506 to be
constructed of a rigid material (for securely holding aperture plate 508) while also permitting
tubular member 506 to radially expand and contract with piezoelectric ring 502. More
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positioned in various |locations. Resilient segnents

511 permt tubular nenber 506 to be constructed of a
woigictizn@ieri al (for securely hol di ng apert ur eporase006/014654

508) while also permtting tubular nmenber 506 to

radi al | y expand and contract w th piezoelectric rin
specifigly, asnpbéepmenberdo|iy consirigtetbby Riezorleayas ring g04.desilien
ricte I.ezoe 2
sepmeRORLEPSHES B1ofibe 10T BRLEL B b0 97 kG LIS g 2

radiallyp&Pan¥) estilfdinegpalcaBt Il Cexpamgtoaﬁé}emdhaﬂﬂame&x péihaisen 509.
resilient segnents 511 ex and to incr se the di aeter
Hence, dhe ampgr of gpanpien dad CHEcHAp fvagsp RS gnpaghgn the size,

numbel%]ﬁ)@? E‘s1ﬂé?¥ v ied. based in part on the size,

types of resilient materials used. [0056]
veni en vi.bration be coupl

100561 g @}V&Bﬁepﬁxsfvm.{ﬁﬂ%%ya@m Sy B 5P URB 9 FeGBBAR egrosolize
(not shc\kfﬂ}’ﬂp%ehﬁltg%qﬁmlﬂe%q ppIfedAB Gpitkie IpPit@'é(% S8R, eﬁ‘héﬂlﬁmd

['1quid delivery systens could be used as wel
deliverg sydieras cavld ke nepdsay stedlysychasdvickiog isystems, and drenlis: v%lltcgmatlvely,

v1brat1c\é§,§{s%%’g& g]&& 'czrgcno?pg%%!i %( ?'EP gl[ nco or at e z'tsgt gult?% Vel%télators

and thd 19@57] Fig. 6 illustrates V|brat|on systen150 as
shown in Figs. 5a and 5b, with an outer ring 512

0057595 PR i B4 ) AEHDLA 995, 9 apd s an e i

512 dl@bﬁadrﬂ)otwthe bater ciecupeferenGé of ﬁileﬂgal&iﬁ’c nnyS (ma vérigh mytech ino
adj ust_the operating frequency of zoel ec

disposegiproundyufralaymapBey ¥ iHRe 317 lavdbesmnlo v e e stibe PRfiating
ﬁequel%fcﬁ{f) Vég.‘é&%&ﬂqﬁ i} '3@25%@5%%{)51{0%381%1 s 8Lsj@PRYS opdie

r oxl e resonance frequency of
piezoelebigicajyer 30Qrae a ;ﬁieqmmcy\z\ﬁ eboysiléf &izewhrchas theragp@imats resonance

Froquery g BRFF A TR UByP SO SRt U CPRe g v

plezocé’igﬁ'icema{eﬁgﬁﬁl; fiss culon %% id 1§1v51@&yg>'ré}5@ﬁ&{al &f itd di@meter where:

pl ezoel ectfic ring 502 is ma | arger to reduce the
frequency of the p|ezoelect ing, the piezoelectric
ring 502 may be f&dl{aPEEXNEE/@rtain applications. A
Iom10perat|ng frequency of piezoelectric ring 502 may

[0058]" EIIF' de, eERYSRleP6F Bk g?é%%l:l%%ﬁ'rﬁlg%Q% indlle 1afger $@Fdduce the
an

eavy. 1o Increas frequency w thout
ﬁequemqymfehspmgoaimmmmheeplemﬁlﬁmc ring §0Bmay petdaclargedipheecrtain

t ted of. i ff h t |
applicGn; i 58,0 PRIRPE AEJUoRcy OhieARRTI T8 SUD BN e Sed the
p1ezoefebﬁﬂ: m#eriANs“Rite 2Aghesk! ITo 1&1&:&@56’5@8 fig ione v&téteh]?g??lbﬁaﬁﬁg the
E i

the frequency to the deS|red %
diameter offegsing $42 awibicly mayde ccrr&imﬁt ta Sélff eight filafterléln such

R YT R e e

serves t®IcfRBYBBIfRGEMC o tHestesized @Age.i Ncl udes vi brati on
system 50 having ring 512, as shown in Fig. 6,

[0059]a' kpféﬂ%goqptm bk k87 %Bre?r‘fﬂo%? agtg?aﬁ 20b BRIz NP ER NP Th

e |nven ’i on COU _
accordance with the present invention will be described. System 80 includes an aerosolizer

that, for convenience of discussion, includes vibration system 50 having ring 512, as shown
in Fig. 6, although it will be appreciated that other vibration systems of the invention could be
used as well. Coupled to (or integrally formed with) tubular member 506 of vibration system

50 is a container 802 for holding a liquid. Conveniently, a lid 804 may be provided to close
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used as well. Coupled to (or integrally formed wth)
t ubul ar nenber 506 of vibration system50 is a

woanicainet 802 for holding a liquid. Conveni enPCYUS2006/014654
lid 804 may be provided to closecontai ner 802 after

filling it with a liquid. Also coupled to tubular
containee 862 aft@0@ling itawithouliqud. 80® cowpleddh tubrlas inepbea $P6 doan outlet

raduced by apert ur. l.ate 508 [ : .
s06 Bl WG g RRBLoURee oS e Y SO ufh IREARBRket, O rines or
gasket 66N 80NEEyY 8O dispostd \Hebvadhiconitaties 8eIumdvibeitidn Redteei0, and

vi bration system 50 and outl et 806 to proyvide adeg,uate

betweengahrafign ayiEre 09 ARG ATHHY SPe tarreniderdeqistntsabing and ¢usbipgine
' ar feature of aerosolization system80 is

bdmw%ﬁ@ﬁggﬁ(ggéhéctric ring 502 has a | arge enough inner

di aneter, that it y be_sljd over gutlet 806 and .
[0060] ¢ Speap#r&FulghiEatirs ot fresoligsfionsysiemnileils thal piegacleditir ripg 502 has
a large%ﬁ&gélﬁ&ggr @RteRl 8ABH &1 QvELCHRIE 306 BIPEINBAALI802. In this

ring 502. Further, piezoelectric ring 502 does not
way, systere 8D may txosasiiy tssembled ang disaspeintbedatn demores pifznekectrinyring 502.

be.reused w t ot her aerosolizatjon syst.em. Further
Fusthet BifPG REFoaS 02 006 1 REREP SOB-LHaD AL aureas] pgtore may
be reused SvitBahodeer GEdSE1IAdE b€ Systedn. PRurtiRIr addny:ahet SODLHPEBSMERbEO506
that they may be di sposed of foll ow ng use. Al so,

and apeyure piatab0Smpy ba sphsjrupisdite be rdaiveleiexprnsive se diat they may be

. SYyS . such hand- h ne [ i
dispos Gt iR 8 et Sl SO B B T b RBLnRL Bs Bfgms,
such agyhdnd-leeld heptildeRNeknkilalor8@Ad ti Ifkét i n pl ace.
Pi ezoel ectric ring 502 is slid over container 802 and
plac r T ot & L: j S
00612, BEFRS A AU 0DTERES AR gt B o e
Piezoekxprandhafip is ghid vaatconfaines 802 endiplacdd aper thbukeatmeansber 606. An

.contact wit erture plate 508 is ej.ected liqujd
elecmvd?lgmnéf%sumﬂ@? Burisoeleats .ﬂr@oﬁ%awcwea%@,exeﬁ i fdpirago In so
i i i€ fd ' s 1RukPHloPRs into outlet
doing, FBH A IS LGt nh SR LR, PO QuRAtioBs nto outle
806. Fatowirer useyumdiing 802 afiayt teerefileds ot iy bettksceided while saving
) @F osolii tion system 90 includes tubul ar nmenber 906
p1ezoe Bﬁﬁﬁqﬁﬁ Q?'a shar pened end 901 and a di scharge end

903. As previously described, tubular nenber 906 al so
[0062]c oRigaf mldusiates paothemrenlsidzment o ghe inHetion veareis gefopelization

| Th PR . . .
st 4 60y TP mgBRBEARL G880l 08B0 0 O CRRE b o
903. AS@rdvsousb ddsBribesie tubaiha kfpeited 9661dls8 Gdntaimy ah ap@tide phavee(hot

not shown) that protects .it. from damage_and

shown§; apeiatar lumgrs Rigzaelgsiric sing 994 is @iﬁ@gse%@@ﬂmﬁﬁib%@é member
o0 PSR ORI A s LOBAL B YOl o
shownPfat protdots b Eoasdimapednd toufaminabos. Vehenreadydet isesthedover may

t hrou shar pene nd 901. an e | n of . tubuyl ar .
be rempurb S S nBY ERbOSTBRY U7 spit Brousliths WembHe ey At e vial 902
which BbRER81i§GId 905 tbb8 LerBOStiZERY LRfIi®IO S AlRS ddiv¥tcliBlofgh Barpened

aperture plate and thereby aerosolize )
end 901 and the lumen of tubular member 906 to the aperture plate contained therein.

Piezoelectric ring 904 may be actuated to vibrate the aperture plate and thereby aerosolize
liquid 905 in the manner previously described. The resultant aerosol is then dispensed

through discharge end 903. After use, vial 902 may be removed from sharpened end 901 and
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liquid 905 in the manner previously described. The
resul tant aerosol is then dispensed through discharge
wenwea03is1 Aft er use, vial 902 may be renoved f POWUS2006/014654
shar pened end 901 anddi scarded, piezoelectric ring 904
may be renoved fromthe assenbly for re-use, and the
d1scarded=,rm¢ma]ngtr1a5m@ﬁﬂ4ynamb€ seoned fantbd asqemb@efor)\g-use and the

pr evi o ntj.one the aerosolizers described
remainfg asze ﬁ%éwé}i dﬁ d%gr ated into other systens. Exanpl e
of ventilator systens are described, for exang
[0063] c AApenadiions]y testioped, e acreselirera dpssAbsbhereiy 138 %lsorporated
file r I £hdi
into other s g?ngo EJL&U(%@? Bgrggr#ﬂ%tg{;s{}rsr r%ﬁegsggb f&géﬂ;'éng?g i¥4-Fbhding

U.S. Plas Appliestidn166.€i 0783857 435a fitad A ril 20y 20k thel complete disaBtare of
and i nfant continuous pOSI tive pr.ess,

which {GHEERIMEOTPCRIR DY FEPEpHYed ho MRS FEPS DaFFIA YRRzt by usoful
in neo- ﬁgtali 2{}1% iRfafit @&ftlebg\ﬁtfsit% PTB¥uRGi G gjlr@sguﬂ'eQCﬂ@"? tifbrapies.

or or rcuirt to supp aerosol i zed
Accordiﬁgly,mrdsohmra)f st presemt mvemmm may e yom;r}{s;l terspclga gentllator or
through a patient interface, d ew% te ge {hrouh
CPAP pigcus isupily actonglizgd Tpecifariasy © patienr ; Eﬁsﬂlf% ShpSERt $¥ throug
a patieht1ifefi8fe VB, BFMESHRRE AR 1sri¥m§&§:§dthe%1‘ds&u§& h&lcertain
components of the system may be di scarded. [ 0064]t As
componett thereof xaapberentdved aed sl zehiloptheheonassetitof the system
b%@yeQ$ on nmay be incorporated in a nebulizer such as
may Yed in co- pending U.S. Patent Application No.
10/ 833,932, filed April 27, 2004, the conplete
[0064]di A& hunsherexamplentherrerasoliesr of theiniessrigventicy gy be incorporated in
ef er e
anebuli g S s qiegdR S 5o By RSB A AR R OIS 032, iled
April 2268, delonZéte discRytiteemnvwtichis aSrem mvsomusdtgd UyemfﬂBMd The
in connection with aeroso|izer 40 }len Fi
nebulizgs camprises 2 HEINGHFAG CAIESOAPGCTOSPIFST RGP g™ CIF W&M.“ampnse
an aer&gﬂ%a(fi%{{% §telrnl}ﬁ£h hSpiefiol8y ABEPHRN 2 &FmBEhrPwith REBEIIREr 40
en1a cording t t0 t he zresent I nvention having an
showndp®igsid 4plaad dcyintlndmgpl raseavdit for bbldizgpe helddalpmhqame@ﬁhat 1sto
endi tween a first surface and .a
b aerGgliFA A0 LAOHLOE FYEH P URELS e PeRPT Y SMER Tying gg aperture
plate véth’seggluﬁdq’i@y opt v\gé‘%d Bctur8d GkichdBEhetwobn 4 filst @Lﬂfdcé %nd a second

contents ‘of are incorporated herein
surface, @f deseribed inTHS. Retsut Now 5, 16dy748] S08haYd Sa7 5f$sﬁ\;°>t7hmde@@85 740, the

ed. t he .main h
entire GNP Wishere BropRE o sae P s (ARt R RS il o
have a' 1b<§brbdﬁ?lédti8 tikH BRAIRdsihg AbRakieUsirtign 6Dtht eiular member of
quid dr ets are ejected through the nout hpi ece t

the Vlms@trcm swstarrmﬁth@meswé inveREPRMEN @eé@m&e@l in iléf‘dh%a}gcssr%ﬁlqmd
The aper [

ot G541 B LSl PR PR S i

medmﬁﬁéiw th ab@fmlbad @the BparRiraplaieznay be dihel ﬁoepngnhlcb ranme@baltin which

m croneters. Follow ng e aero%? bout 5
about ﬁ%gr ﬁ@r‘m ths@r@xéﬁté\bweﬁghs HT RS F\B%%e to abou

mlcro%lletgfé' (iToace ﬁeﬁf{) e Helalsl%q?l lﬁ)ﬂmﬁg %ﬁbe%@v&?ﬁ@ﬁﬁﬁ@hﬁlﬂ%smg

exa
The liquid may be refilled, or one or more components may be replaced. For example, the

vibration system may be removed and reused with another nebulizer.

[0065] One embodiment of the present invention provides a method of treating a patient

that exhibits one or more symptoms of infection or other respiratory disease or disorder. The
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vi bration system may be renoved and reused wth
anot her nebulizer. [0065] One enbodi nent of the
wonremantisi nventi on provi des a net hod of treati RgTAS2006/014654
patient that exhibits one or nore synptons of
infection or other respiratory di sease or disorder.
methodTgeaeellycdmyasesithe sigpe raviding e ibratieapysiem compigieg #gircular
. vi bration ste [ Si a cir, ' .
viorata 5otk e AHE R SRPERHSDeRed pif Brtpertabbiiany
disposddibidhitthe BBIFD EifciEOREDOE b halvibtatibRpisedvisdeintihé tububaw esmber
circunference of the vibratable plate, wherein the
has an puistsizgumfeienes; apdan apnwar apragipp-didvemedprraber sppoepirically
. | : L . . c . | _
aispos G g SRt Bt el AU BF 8 RIS EART PLCLERL wiation
inducidpaibaber isvueiAlyrexphedabidarel doatractahle incpusetheaapeitsre plate to

) [adialt% expandabl e and contractabl e tg cause the i
vibrategp &e 454 dpeion; sUPRYIBE adiudmpdicamgntde thei iuapeh Aystem;

actuatiﬁ% AR 300 ﬂd'ugiﬂg G R GBI te R dbBRué P8 bh @ Berd¥oHz8 Hhe

actuati ng the vibration-inducing nenber to vibrate the

medicampet;tand supplging tlanabrosl o5 theipaerttisaespardiory g¥siem. and
supplying the aerosol to the patient's respiratory

[0066]SAS 5&H01 EORESDr A hcasIdase wille iRIpRéRht inferAfondiad ANCabiNdytt
the preséent invention has the ability to produce a

produchiagtiglf flowob erasalgelative il the power igpethBorryapiple, nfhen stapdqrd saline

. | wh dard i [ %).: '
e PGy I O B S o R b
(VMDWBEY ticrehamBy B 16 YiE)oliedrs/dechand thnsoweacohauniition of the generator

mcroliters/sec and the power consunption of the
may bgyi@ettat or may be 3 watts. [0067] The invention has now
been described in detail for purposes of clarity and
[0067]Y"¥RE ﬁfv@rﬁﬁ)‘nr}ﬁs n V%%ﬁ HescribedMd detfEfo? PRSI RIarithahd
certain changes and nodifications may be practiced
understantinign Haveevss; dipeilidie dppeccigppbihdeetriolnaihasgasraat malifications may
CLALMED.IS: 1. A v bration system conprising: a
be pracficgg &i“glﬂ tge Spapeef the %}{Pﬁﬁgﬂ‘ﬁ er surrounding the
vi bratabl e plate; and a vibration-induci ng nenber
surroundi ng the support nenber, wherein the
vi bration-induci ng menber is configured to radially
expand and contract against the support nenber so as
to produce axial vibration of the vibratable plate. 2.
A vibration systemas in claim1l wherein the
vibratable plate is circular, the support nenber has a
circular cross-section into which the circular
vi bratable plate is disposed, and the
vi brati on-induci ng nenber is an annul ar disc having a
central opening into which the support nenber is
di sposed. 3. A vibration systemas in claim2 wherein
t he support nenber is
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tubul ar and the vibration-inducing nenber is a
pi ezoel ectric ring. 4. A vibration system conpri sing:
wa 200erieuisar vi bratabl e plate having an outer PCT/US2006/014654

circunference; a tubular nenber concentrically

di sposed about the outer circunference of the plate,
WHATWCeAMEDRES: ubul ar nmenber has an outer circunference;

and an annul ar vi bration-induci ng nenber

concentrically di ed ab . the outer circunference

of the't ub%gﬁraﬁ%}?‘f‘%g%mvﬁ%fpﬁsﬁl he vi brati on-induci ng

menber is raadb@iable gapandabl e and contractabl e agai nst

t he tubul ar nenber to cause theﬁﬁl a%e t vi' brate in

the axial disupRart B§mbst susroypding theyeibratable plats 40

wherein th J- I 8‘!”1?5 ]I&;Wﬁg b

apertures. %6%%&%£@kn&g§ﬁ?ﬁbéglsal m ,ﬂ%\ﬁgrse n them o
whereip et wibladsn-andubingknasiser i cdrifeuraltg eadialpnexaand tnd Contract against

m crons to about 100 njcrons, 7. SysS in claim
the supgort feERber o hio Pﬁ?i&cg afial 10%’11‘&5@%‘.’%%“&3%% BV em as in

clai mo5,  f Yt LIS RQYRENSIsE cRith 8 SRt Sh ihe¥iblat At Blate is

whi chZFs aggpt edloto%;cupplsy tch%e liquid to the plate,9.
circular) tisysitpport azniber basd cirdilanvnesseieetiqnhato whigh Hre qsilae vibratable

.ipcludes sh ned end adapted to extract .li i d
plate 1sfcﬁms cﬁ\'ﬁl(i F}}eo\?lﬁq%ﬁ%—paﬁﬁwgﬁp ?rﬁ%a%awiag%éﬁg élaglgl;éear(ferl%gal
opening hit6 RAMEH We s eb@!is dikBosed. System as in claim 4,
wherein the tubul ar menber has a wall thickness in the

range ¥ r omAbthuation. systemt as inlslsim 20viswein the SUpRoE yagrabsr A%

in ai.m 4. wherein Vi brat i on-. i ng menber
mbularcagg_ﬁ;? glggﬁlgnbl{“guzcgﬂe% rEtelcﬂtar P ?ipzég%og%ﬁﬁjgi& %yst emas in

clai m4ll, whefeitiontdysteinudompatsimgenber i ncl udes at | east

one resilient segnent di s?osed therein. ,13. system

as in clai radrulagniraableplae hgving ap PUsbSEHFEIRG t he

outer circ s . ' i

i ust t ho DRBAEGESL CARLEABRHGRIEA Dok B2 Ser.
circumféragre ofdhe Plasywhawrinahe ubutdr aembbr hhziat tiger donprfershery and

nmounting structure di sposed i.nside.the tubul nbe
and wher ei r?‘ntelli‘@u%wr X‘géat{g@'l Tcdn%glemgr ?Pﬁ‘ﬁ?ﬂbfflﬁ%{y diSposed sbout
the outSf SiHGMERNcd Of thé\ubYibh SBnfter] Wh&bRIHR fibrdtidhlil@icing member is

conprising a controller for controlling )
radially expandable and contractable against the tubular member to cause the plate to vibrate

in the axial direction.

5. A system as in claim 4, wherein the plate includes a plurality of
tapered apertures. ‘
6. A system as in claim 5, wherein the plate has a thickness in the range

from about 20 microns to about 100 microns.
7. A system as in claim 5, wherein the plate is dome-shaped.

8. A system as in claim 5, further comprising a reservoir of liquid which

is adapted to supply the liquid to the plate.
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the radi al expansion and contraction of the

vi bration-i nduci ng nmenber and wi res connecting the
woanieriofiser to the vibration-induci ng nmenber. PRET/UA2006/014654

systemas in claim4 wherein the vibration-inducing

menber is renovable fromthe tubular nenber. 17. A

met hod of vibrating a plate conprising the steps of:

i nser®i ng &\ vystena ey daipl Kivéierein thedul mbst ingludes @

sl SO PSRRI SRy b5 B
coveringl apfcplhidgih B4iH&idlg menber that is configured to expand

and contract radially; and actuating the
vi brati on-i nduci ng pmenber tq pr.oduce, radi al .expansi

and cdft r ach PR gaindam havhersip fhe hRahmembE Lf‘s‘ga?l51
. i 1 ' t ' plate. 18. A nethod

thwkneggsqn?&nlegﬂ%re?nitdﬁ?b%g'rlgﬁﬂ\% eﬁgg%%g}l't menber filters out

vi br atlilon oA kysterh hain daiived, whebeia theovibration-iddurbtgoembenr

Vi brati n? a,‘gl_at e, conprising:providing a plate having
comprigss aRIEZCICHICH$ er ence and a tubul ar menmber di sposed

about the outer circunference of the plate, said

t ubul d2. menbeystéraas igcleim bltvdreran ¢ weemember includes at least

royi din . pie lectric ring concentrically

oneresﬁ@gfq%qéaagggﬁ(%ﬁggmomer ci rcunference of the

tubul ar nenber at a_location coinciding with the quter

ci r curiBer ens eysigmep in gais B2, Whetein ading|if Jispassd sEnung thgefter

. ont racti n i e [ B L] : ' .
ciroumf Qi AT el e BIOARPLRE b} e b Botiinel 0P it cetric
ring. axial direction. 20. A nethod as in claim19, wherein

the piezoelectric ring is vibrated at a frequency in

the range from about 20 Khz to about. 500 Khz..?21.

met hod %as i‘& SESUER 35 He a%@rf@{tﬁert%@pﬂsg’tgea ﬁ‘lﬂgﬁ‘tﬂ’@e%mﬁ ©
disposéd &gk !tﬂeytuﬁﬁ]]af‘ﬂl% B 88 whBRid tE HNRE isARPBY fleMounting structure.

supplying a liquid to the plate to aerosolize the

liquid as liquid droplets. 22. A nethod as in_claim .

21, WHér ei nAsisterdras bl daign hafuether commsising a ¢patiolager porralling

o radff Riag ol S RIBLDnP R TPl g 56 Sl thhccing
thecoﬂz.\iio%pioith@wdrmau&ﬁ aeamkr.20 nmicroliters/second. 23.

nmet hod as in claim?21, further conprising coupling a

reservoir to the , _ . o ) .
16. A system as in claim 4 wherein the vibration-inducing member is

removable from the tubular member.

17. A method of vibrating a plate comprising the steps of:
inserting a vibratable plate into a support structure that surrounds the
plate;
surrounding the support structure including vibratable plate with a
vibration-inducing member that is configured to expand and contract radially; and
actuating the vibration-inducing member to produce radial expansion
and contraction against the support member to cause axial vibration of the vibratable plate.
18. A method as in claim 17, wherein the support member filters out

vibration other than axial vibration.

19. A method for vibrating a plate, comprising:
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tubul ar nmenber to supply the liquid to the plate. 24.
An aerosol generating system conprising: a

woizewpel®ectri c ring having a center hole with RaATiUSD®6/014654
circunference adapted to expand and contract radially
when el ectrically activated; at |east one el ectrical
conneptavading @ pdatk Haying 2o elteeirquemfeicnee sk a Bibular peger

. ctuation thereof. a tubul . j it hi
cispos S TP Byteh G EaferPrk Ut Fau SRR hRERBE MY b ovter
circumfeddiebar nmenber having an outer circunference in

contact with the inner circunference of, sa'g center

hol e @FRyiding pipiergeleetic kg conerRaHH b Pogiiop Fhe qiEn
cireum B EISE A DRt £O0HE: 8l 1008 ﬂ%gﬁﬁgﬂﬁn T ¥e oierifchitif@Ence of
Vi bratabl'e aperture plate aaapte t aer OSO?I Ze a

the plalel g d upon axi al vibration thereof; wherein the
aperture plate i s di sposed across the jnternal .| n
of -t hEdiERL P Em AR CaRERCHRE HSMeCr RIS aEaimshiBe bular

membe\?v:sé %yﬂsf SL§hE Ip‘i’a(te (O Ebl BN Abxidl diRedbh.on coi nci di ng

the 1Tnner circunference of the center hole of the
pi ezoel ectric ring; anda reservoir of liquid coupled
t o t h&0t ubuA arethmeidsan claon 49, whersinghe pieroaledtdc tipg fabrated at a

| br at abl te wh di al [
sequaydh Bt & EPE bR 2 PR FLBIFRRINA 71 N Sghinat the

wal | of the tubul ar nmenber causes the aperture plate

to vi bpat e A mdihRl &halaidilpewhérein thevplageinomdbs a plutdigy of

liquid. 25. An aerosol generatj n%%s stemas in chahm d
aperturps, apf Gpghen comerising sapriing aagiddoithe platedq-asrpsplize thi fquid as
. plurality of tapered apertures. 26. An aerosol
11qu1d%}§ lg;&ati ng systemas in claim24 wherein the

pi ezoel ectric ring conprises piezoelectric ceramc
mat eri22l . 24 mefiodariostim@dnehereinthe dyoplessrhais 4 sizeinghegange

fom g HEA TR FeReT R e TLIeER® RBGR g il o Thee of

about ﬁfﬁ&@fﬂé&/&%ﬁs@' abB8May AiR6lith/s8cind. vi brat abl e aperture
plate into said circuit. 28. An aerosol generating

systemas in claim24 wherein said piezoelectric ring,
sai d t2%oul ah mathesbas inslging 2); Birieneneprifies eQipdngpaessrvolr to the

and sai.d reservoi.r .are.di sed within the housing of
tubularamﬁlgﬁfﬁ P S8pp H:S'\l/e?fﬁ%u@{on%%p aagé)'ece. 29. A nethod of

maki ng a vi bration system conprising: placing a

vi br atahl e fhat®soli gehermating systEpgcompeisingr  t hat

surrounds the vihratahl e pl ateH ang . .

a piezoelectric ring having a center Hole with an inner circumference adapted
to expand and contract radially when electrically activated;

at least one electrical connection to said piezoelectric ring for electrical
actuation thereof;

a tubular member disposed within the center hole of the piezoelectric ring,
said tubular member having an outer circumference in contact with the inner circumference
of said center hole and a cylindrical wall defining an internal lumen extending the length of
the tubular member;

a circular vibratable aperture plate adapted to aerosolize a liquid upon axial
vibration thereof; wherein the aperture plate is disposed across the internal lumen of the
tubular member and in contact with the inner circumference of the lumen at a location

coinciding with the inner circumference of the center hole of the piezoelectric ring; and
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pl aci ng around the support nenber a vibration-inducing

menber configured to radially expand and contract
wageiengtisi he support menber to produce axi al vPOTASRME014654

of the vibratable plate. 30. A vibration system nmade

by the nethod of claim?29. 31. A nethod of making a. .

vi br atd tsseregis pElawe sprpled iythe prowlar gremebed se @bin spply liquid to

s TS [ R MR oS
ring agaiispie diatidfakie fubufanehepibee taustdhe bhperame platd foevibrabatinahe axial

. .menber; pagsitioning the tubular nmenber within the
dlre"tl%l_é?ﬂde?er??@ilée@Fhélubfezpel ectric ring so that the
vi bratzapl e Bl gi,6s gﬁﬁ%ﬁtiﬁ%%skm"in flaif ¥ WHEEIAthe vibratable
menber IS surroun y t pl ezoel ectric ring in
plate icdorhakshaped hnd s aqpltetitycofiteparédapentvessof t he t ubul ar
menber;_and, securi.ng the piezoelectri.c yjng to the. .
tubul 6 morbEASToN) ERerinb B ot SRieiTiE 14 Viged: g ficzoclecti
ring conftsBfbiRSodl&utd &irflmateHhlt her conprising the steps
of: bonhding a ridge around the inner circunference of
t he t Ul arAmeerbeol gepersiing systenyas inelaiinsi4afustheecenperising a

i gy B B ARl Ol PR P e

aerosoB Y&icRMRESy $41d Gfb?dtﬁﬁl@&{)@i'ﬁﬁé fiake inteesapd iZcu@d. ectric ring
i s bonded to the tubul ar nenber with an adhesive, . .
capabl 28. of AR perepaligensratipgpsteat py Mglampawhesiny sahpiezoelectric

T e

withinthdhdisingrof aykbeliaet hajang aindgutlepisdebr at abl e aperture
pl ate having an outer circunference, a tubular nenber

concentti calmyetpdofguaing g ythrati W ySHETOrRIEREf er ence

of the vibr Wﬂg i) B4R

has an out e@afz}?égﬁ%rg%@ﬁ \é\g,igan aggﬁjgtzﬂg?#ﬁ?i c riﬁlrrfcéundsthe
vibratabtegletes andcal | y di sposed about the outer circunference

of the tubul.ar. menber at a |ocation coincidi Wi th
the outer oRIRURAAEIEALE BPPORECIpEF f yanfispgdtoits member

confightéaRb Yddilyaexbhitlhtl SoRdiacaiERRMst the sifpRrRehba 18 pRbdlce axial
el ectrically actuating the piezoelectric ringto
vibratipn of thelwbreteplerpdatand contract the wall of the tubul ar
nmenber, aroupd.the outer circ erence. of the,aperture
pl at e, 3 (?herjgﬁ')]]breté%ﬂﬁ T Hlé‘d%.gﬂl}ed}lée]‘ﬁ%‘? 3{ %13%231 brate
in thespxi aj rﬁéth&%f@ﬁkiﬁ?d v ERsOdyistem édpeprigeel:canent ;

and supplying the aerosol to the patient's respiratory
syst enproviding a tubular member having a lengthwise lumen;

securing a circular vibratable plate within the lumen so that the plate is
perpendicular to and covers the lumen of the tubular member;

positioning the tubular member within the center hole of a piezoelectric ring
so that the vibratable plate within the lumen of the tubular member is surrounded by the
piezoelectric ring in contact with the outer circumference of the tubular member; and

securing the piezoelectric ring to the tubular member.

32. A method of making a vibration system as in claim 31, further
comprising the steps of:

bonding a ridge around the inner circumference of the tubular member;

positioning the vibratable plate on the ridge; and

brazing or welding the vibratable plate to the ridge.
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35. A nethod of treating a patient as in claim 34
wherein the aerosol is supplied to the patient's

woespirasory system through the circuit of a veariusaioeni46s4
or CPAP system 36. A nethod of treating a patient as
in claim34 wherein the aerosol is supplied to the

patient's respiratory systemthrough a nebulizer .
havi nd3.a mbunéthpdebmalgng aNiRrRHEmEYS %%/@t‘i?ﬂ“ $TWherein the
. conpr.i si na. [ >Vl d oGl
pesoc SSRGS R DR B cptoably
transferfifg HRgidnofrdh @iezptlesttt ridglto sl thbdmdmeinbgrosed acr oss

the lunen; and neans for inparting radial vibration to

the cylindri cal | of the tubul ar. nenber so as to
produgé ax?A’ei‘PetbP%%}é??aéngarPaPﬁ’ét PrEFSE%bl e plate. 38. A

vi brabl ofisy U HMER dybtefi] RnfPridfngMeibaidbld Afertvkdpatedihtm
pl at eb%os éné/aperturesslpleate havinng a rear gﬁrfa%% in s
outer cicnmnifaxshcayiatthibwdan hepubet cancerdridallyrstisposads dbout digytss gircumference

o e SHEl Sy REESH R o A AeBBLEAD 15yhSIad
piezoel¥tRE Bhb e8nRhtricARy aREédel BotR!tBE Suter circumference of the tubular
member at a location coinciding with the outer circumference of the aperture plate,

supplying a liquid medicament to the aperture plate;

electrically actuating the piezoelectric ring to radially expand and contract the
wall of the tubular member around the outer circumference of the aperture plate, thereby
causing the aperture plate to vibrate in the axial direction and aerosolize the medicament; and

supplying the aerosol to the patient’s respiratory system..

35. A method of treating a patient as in claim 34 wherein the aerosol is
supplied to the patient's respiratory system through the circuit of a ventilator or CPAP

system.

36. A method of treating a patient as in claim 34 wherein the aerosol is

supplied to the patient's respiratory system through a nebulizer having a mouthpiece.

37. A vibration system comprising:
a tubular member having a cylindrical wall defining a longitudinal
lumen;
a vibratable plate secured to the cylindrical wall and disposed across
the lumen; and
means for imparting radial vibration to the cylindrical wall of the
tubular member so as to produce axial vibration in the vibratable plate.
38. A vibration system as in claim 37 wherein the vibratable plate is an
aperture plate having a rear surface in contact with a liquid and a front surface opposed
thereto, wherein liquid droplets are ejected from the front surface to form an aerosol upon

said axial vibration of the aperture plate.
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