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INHALER FOR_POWDERED MEDICATIONS
INTRODUCTION TO THE INVENTION
10

The present invention relates generally to powder
dispenser assemblies and, more particularly, is
directed to a powder dispenser assembly used for
inhalation of a metered dose of a powdered medicament.

15 . When delivering medicaments, that is,

| pharmacologically active compounds, in solid form to
the respirétory tract and to the lungs, careful
attention to the accuracy of the dosage, which can be
smaller than 0. 1 milllgram, must be made. This is

20 because such medicaments are often quite potent, and
the administration of excessive amounts thereof could
be harmful to the patient. Further, if the dosage that
is delivered is too small, it will not serve its
purpose.

25 It is also necessary that the particles leaving
the dispenser assernibly be substantially within a
particular size range, since particles of the
medicament which are too large may not enter the
respiratory tract, but instead, will be deposited in

30 the mouth or pharynx and thence enter the digestive
tract. As an example, preferred particles can have a
diameter of 1 to 5 micrometers.

' Various devices have been -used in order to
dispense a metered dose of powdered medicament,

35 including pressurized aerosol devices, nebulizing

o devices, pump inhalators and the like. With the
current concern over environmental issues, however,
aerosol devices, which constituteja?lafge;patt'ef the
devices now on thesmarket;-ere less fabered. Further,
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be harnful to the patient. Further, if the gosage that is delivered is
too small, it will not serve its pur pose. 25 ‘ It is also
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pressurized aerosol deyhCaaqiRedm itd Rhe afci@YieiRSordMypuilaH ors and
the like. Wth tg%ﬁpeﬁscurrent coq§§rn over enV|ronnentaI i ssues, however,

aerosol devices ESn FFEIPd 125, 5 POWGRE, dispanser assemRldes afif on
the market, are h2s® kavwnedstuddeshtave shown that there are virtually

no significant differences in bronchodilator responses
10 with equivalent amounts of medicinal substances
- administered either by powder dispensing devices or
aerosol devices. Accordingly, there is now an
ever-growing demand for powder dispensing devices which
can dispense metered doses of powdered medicament.

15 With such devices, the powder is automatically
withdrawn during inspiration so there is less need to
be concerned with synchronizing release of medication

'~ with the exact start of inspiratibn to insure quality'
of the product delivery.

20 '~ U.S. Patent No. 4,524,769 to Wetterlin, the entire
disclosure of which is incorporated herein by
reference, describes a dosing unit of the above type
thaf includes a storage chamber for holding the active
compound, a perforated membrane rotatably positioned

25 under the storage chamber and a holder for the
membrane. Introduction of the active compound into
perforations in the perforated membrane is accomplished
with elastic, spring-loaded scrapers, mounted in a
holder in the storage chamber. With this arrangement,

30 the membrane is movable between a first position where
active compound is introduced by the scrapers in part
of the area of the perforated membrane, and a second
position where the part of the area of the loaded
membrane has been inserted into the air conduit in the

35 dosage inhalator. Thus, the active compound contained
in the perforations is entrained at inhalation and

e



2 wFth aerosol devices, the nedicanment is dissolved or suspended
in a liquid propellant mixture, which results I n the introduction of
unne€ded chem cal substances into the body and further adds to the
conplexity of the 5 devices. In addition to the aforenenti oned
types of di spenser assenblies, powder dBspenser assenblies are al so
known. Studi es have shown t hat there are virtually -~ no significant

di fferences in Hhranalddithrongh dhpmeszle t%ﬂkﬁe’éﬁﬁﬂh?%ﬁ@%n‘éﬁ%@% and
medi ci nal subst e Slung stnét?gﬁgﬂt her by powder di spensi ng devi ces

or aerosol devic Ac di n there is no eyer - g Sm%

demand for powder d|§%@ﬂ§ heRt, a col ﬁ?%b%ﬂs%sh% 8P etCdoses
of ngdereg medilsienthe Jécra/ﬁéi‘s sixto ctm:rmeﬁhwbmdehelpenﬂbbaﬁedcal I yh
wi t hdr awn in ti 0 reis le n Wi t
synchroni zi ;lgg rg?éengb}gdrg q@?‘?za‘fﬁg%ﬁ &rlwt:ﬁét%&g@%&é@?agt Y ttlgg gat I on
to i nsure qual i tghambenfbetween cthetcapingand tiie scrapersasmbhy
4,524,769 to V\étp;ﬂéfﬂati\r@lfntibf %s di Qéf&é@&%ﬁa? tHo! & 115s%w£'§{-?§p8£ﬁt ed

herei n by erence, descti 03|n un ove
. be arranged so that the membrane is pressed agalnst the

scrapers, and thereby mounted in the base or

10 maneuvering unit. In addition to the coil spring,
Wetterlin uses spring loaded pins beneath the membrane
to engage the ratcheted bottom of the membrane in order
‘to provide distinct positions for the perforated
membrane when it is advanced by the base or maneuvering

15 unit. See also U.S. Patents 4,907,583; 4,534,345;

' 4,667,668; and 4,805,811; all to Wetterlin.

U.S. Patent 4,668,218 to Virtanen discloses a
dispenser substantially identical to the Wetterlin
patents, while also pfoviding an indicating assembly

20 which indicates the number of medicament dosages
administered. However, Virtanen only provides a sihgle
counter ring, which consequently limits the eounting
capability of doses that are administered. In the case
where a dispehser must dispense a large number of :

25 doses, for example 200 doses, the arrangement of

'~ Virtanen would be totally unacceptable. The limitation
in Virtanen is due to the use of a single counter ring
that is rotated about an axis orthogonal to the
rotatably metering disc and which is rotated one

30 increment for each horizontal rotation of the rotatable
metering disc by means of a spiral ridge thereon.

Other disclosures of interest are in U.S. Patent
Nos. 3,085,745 to Auberger; 3,655,952 to 3ohnson et al{
4,565,302 to Pfeiffer et al; 4,817,822 to Rand et al;

35 and 5,033,463 to Cocozza.

Further, in dry powder inhalers using micronlzed

powder, there can be poor gravitational flow of the
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t hat incFudes a storage chanber for holding the active conmpound, a
perforated nmenbrane rotatably positioned 25  under the storage chanmber and

a holder for the menbrane. | ntroduction of the active conmpound into
perforations in the perforated nmenbrane is acconplished with elastic,
spring-1 oaded scrapers, nmounted in a . ho#tder in the storage chanber.
Wth this arrangenent, 30 the nenbrane is novable between a first position
wher e act i \ROWSHIH dhIeromizedt kg by Toclrpreye rkandl bag t of
the area of the fRIfididLd tRPoer HY pro®esel intoP@gaiion where the
part of the area of. the | oade menprane_has been_ inserted into the air

‘conduit in the RgIIpRErate SRR baviipg, %% SXATREC O teE3nPai ned
in the perforatiapproxsisately ik aiilimdtodr On Durling inhalation, the

I3u ngs 01? rfﬁ;@; ah%%zt_a@eQOazrzé ecéror.{gcf" trt?f&.\grl?tﬂjié/ {ﬁﬁgiegnglow the
channels and must be broken up once again into
micronized powder before the powder can be deposited in
the patient’s lungs. This is particularly so since the
doses may be very small, on the order of 50 to 100

10 micrograms, and since particles larger than about 10
' microns tend to lodge on surfaces of the mouth and
pharynx. The agglomerates are typically much larger
than 10 microns.
In known powder dispensers, in order to ensure
15 that the powder is micronized and properly mixed with
suction air, helical vanes have been included in the
outlet conduit of the mouthpiece. See, for example,
U.S. Patent Nos. 4,907,583 to Wetterlin et al and
5,033,463 to Cocozza. However, such helical vanes do
20 not adequately break up many powder agglomerates.
Still-further, with the aforementioned powder
dispensers, such as in U.S. Patent No. 4,805,811 to
Wetterlin, it is necessary to separately prime the
device for each use, after the cover is removed. This
25 becomes burdensome in practiée.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present'

30 invention, a counter for a powder dispenser includes a
continuous counter ring having counting indicia
thereon; an intermittent counter ring adjacent to the
continuous counter ring, the intermittent counter ring
having counting indicia thereon; display means through

35 which one of the counting indicia from the continuous
counter ring and one of the counting indicia from the
intermittent counter ring are displayed to indicate a
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Wth thi§. arrangement, a coil spring is used to bi as the scrapers into
engagenent with the perforated 5 nenbrane. The coil spring is interposed in

the storage chanber between the casing-and the scraper assenbly.
Alternatively, it is disclosed-that the coil spring can . be arranged so
that the nenbrane is pressed against the & scrapers, and thereby nounted
in the base or 10 -maneuvering unit. 1In addition to the coil spring,

Wetterlin uses smunty dqm&apqndhg)drcea muniteemenbrdoses of tpowdered t he
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Specifically, the powder dispenser includes a
base, and the continuous counter ring and the
intermittent counter ring are rotatably mounted.

15 relative to the base. The continuous counter ring is
rotatably mounted on the base, and the intermittent
counter ring is rotatably mounted on the continuous
counter ring coaxially with the continuous counter
ring. The continuous counter ring has gear teeth

20 therearound, the intermittent counter ring has gear
teeth therearound and the actuatlng means further
includes pawl means, engaging with the gear teeth of
the continuous counter ring and the intermittent. '
cOunter ring, for rotating the continuous counter ring

25 one increment each time that a dose of the powdered
material is dispensed to display another one of the
counting indicia of the continuous counter ring through
the display means, and for rotating the intermittent
counter ring one increment every predetermined number

30 of rotational increments of the continuous counter ring

' to display another one of the counting indicia of the
- intermittent counter ring through the display means.

The gear teeth of the continuous counter ring are
arranged in correspondence with the counting indicia

35 thereon, and the gear teeth of the intermittent counter
ring are arranged in correspondence with the counting
indicia thereon, on inner surfaces of the respective
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di sc by means of a spiral ridge thereon. O her di scl osures of
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continuous counter ring include a plurality of
successive first gear teeth of a first depth and at
least one second gear tooth of a second, greater depth,
each the second gear tooth being positioned after every
predetermined number of the first gear teeth; and the
intermittent counter ring includes a plurality of
successive third gear teeth of a depth egual to the
depth of each the second gear tooth of the continuous
counter ring so that the pawl means engages with
successive ones of the first gear teeth during
successive dosing opéfations and engages with one the
second gear tooth of the continuous counter ring and
one the third gear tooth of the intermittent counter
ring after a plurality of the dosing operations.

In addition, detent means is provided for
preventing rotation of the continuous counter ring and
the intermittent counter ring in a second rotational
direction opposite to the first rotational direction in
which the pawl means drives the counter rings.

Pawl driver means is provided for incrementally
rotating the pawl means, the paﬁl driver means
including a retainer rotatably mounted on the base
coaxially with the continuous counter ring and the
intermittent counter ring, the retainer including first

: paﬁl driver means for engaging with one side of the

pawl means to incrementally rotate the pawl means in a
first rotational direction at the end of rotatlon of
the retainer in the first rotational directlon to cause
the pawl means to engage a succes51ve gear tooth of the
continuous counter ring, and second pawl driver means
for engaging an opposite side of the pawl means to
incrementally rotate the pawl means in a second,
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10 mcrograns, and since particles larger than about 10 - microns tend
to | odge on surfaces of the nouth and pharynx. The aggl onerates are
typically much | arger than 10 m crons. I n known powder

di spensers, in order to ensure 15 that the powder is mcronized and
properly mxed with suction air, helicaf vanes have been included in
the -~ outlet conduit of the nouthpiece. See, for exanple, U. S. Patent

Nos. 4,907,583 ©pPAsiter matatiionalystirectidnat 4dw tendrb 2etatioref
such hel i cal VaRge %t%&nélotuaetqwegec&dhd)r %d@iﬁ@rb’o%aﬁgw oner at es.

Still further, Ih the aforenentlo dIS ensers h as in
U.S. Patent No. \g& restiom 19 causq/\é:( rFPa}"\AhP neans 1'rfé ﬁ]g’bar ately
prinme the denotetd tthee adhtivmiows tesuritter oy tmen'ewmed 'ﬂHnes 25

Pﬁcggﬁgr3;;1%2%(}{5%&%5%@;%0{&& Q%wel ;ﬂri%%%%s ¢el%\'°vﬁﬂNeTéa Zounter for

a powder di spenprSﬂejchﬂgeas of ar@ncuakr pawlmeivinggeakli ng counting
i ndi ci a they vﬂﬁﬁ{ BHd SUtLAEY Oly ﬂéf@lﬁdtﬁ&ef'ir € éﬁl&

cont i nuous counter 1 ng infermtient counter Fin avi ng counting
i ndi ci a t her eon;sefefs d&ﬁ"ﬁ‘eé*ﬁi‘ﬁ# JRANS are spaced apart by a distance

such that rotation of the retainer by a first arcuate
10 distance causes incremental rotation of the pawl means
by a second smaller arcuate distance. Preferably, the
first arcuate distance is approximately 180° and the
second arcuate distance is approximately 18°.
The above counter is provided in a powder
15 dispenser including powder housing means for holding a
supply of powdered material to be dispensed, the powder
 housing means including an inhalation conduit extending
therethrough in displaced relation to the supply of
powdered material; and metering plate means for holding
20 a metered amount of the powdered material, the metering
plate means including metered dose hole means for
holding the metered amount of the pdwdered material,
the metering plate means being positionable below the
supply of powdered material; and the metering plate
25 means and the powder housing means being relatively
rotatable with respect to each other about a common
central axis so that the metered dose hole means is
adapted to be in fluid communication selectively with
the supply of powdered material or the inhalation
30 conduit. The powder dispenser includes a base having
an ‘axially extending retaining post thereon coaxial
with the common axis, and the counter rings are
. rotatably mounted on the base in surrounding relation
to the retaining post.
35 Further, the powder housing means includes holding
- means for carryiﬁg the retainer with the powder housing
' means during the relative rotation between the metering
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35 which one of the counting indicia fromthe continuous ' counter ring
and one of the counting indicia fromthe intermttent counter ring are
di spl’ayed to indicate a 5

count corresponding to a nunber of doses of powdered mat eri al that have
been di spensed or remain to be di spensegl; and actuating neans for
rotating the conti nuous counter ring one increnent each tinme that a 5

dose of the ppwggra% Weatd alnd Sl RRREAd Houdlirkp!idans alse\ot heie one of
the counting indicia of the continhuodus count er rlqg,,a q€$or rotating
r%Ré;

the internittenCUBAR &Gentral axisme Thte Makhing Jreap &% Y nunber
of ; rotati ](c)nalhedSErcﬁmérﬁrSi\tﬁd sivt c:i](cmtﬁquxmwmmsmgﬂgnémémndisvl ay
anot her one of the gounting d.ndicia of the interng.tte ount e i ng.
Specifically, t P}eea]fo i dﬁs’pve‘?&eera’i et L}%b% %etaln%ﬁsgﬁ%n%tﬁ%a%%&?énuous

counter rin@ andinilwe ear engaging within the at least one drive slot.

In addition, spring means is provided for biasing
the métefing plate means and the powder housing means
toward each other.

In accqrdanbg with another aspect of the present

10 invention, a nozzle for breaking up agglomerates of
powdered material from an inhalation conduit extending
in'a first direction in a powder dispenser to form
micronized powdered material and for mixing the
micronized powdered material with suction air, includes

15 cavity means for changing the direction of flow of the
powder from the first direction of the inhalation
conduit to a second direction different from the first
direction, and swirl means for substantially
continuously changing the direction of flow of the

20 pbwder in the second direction in the cavity means.

- The cavity means is defined by a top wall and a
skirt connected to a periphery of the top wall in
surrounding relation to the swirl means. The top wall
includes an opening for changing the direction of flow

25 of the powder from the second direction of the cavity
means substantially back to the first direction.
"Preferably, the top wall has a circﬁlar shape and the
opening is centrally located in the top wall.

The swirl means includes a curved wall extending

30 from the opening to the skirt, the curved wall

.~ extending in a- substantially spiral manner.
Specifically, the curved wall has a first. curved wall
section extending partially about the central opening
and a second curved wall section extending from one end

35 of the first curved wall section to the skirt, each of
the first and second curved wall sections extending
essehtially along a circular arc, with the radius of



in)term'tf\ent counter ring are rotatably nounted 15 relative to the base.

The continuous counter ring is . rotatably nmounted on the base, and the
internmttent counter ring is rotatably nmounted on the continuous

counter ring coaxially with the continuous counter ring. The continuous -
counter ring has gear teeth 20 therearound® the intermttent counter ring
has gear teeth therearound, and the actuating neans further

i ncl udes pawl n&des cm«vgré@rh@m of e gemondeaiurvgd walk Req AR nuous
counter ring angglipg 'g'ile‘?:rt@rI 43Rln the rHUMLof itHe %ﬂcﬁﬁﬁtdﬂg dfe

continuous counter ring 2 one I ncrenment each tine at a dose of the

powder ed matde Firss d’l‘-’éfﬁ@ﬁisé@]tlo sRcdion, afdtehGugiRd gfathels

counting i ndici %o(hfnédt@dl@jltﬁ}{]lﬂjés @un}agrl,rl ng through t he di spl ay
nmeans and for rotati the | nt ermttent 3:]t er_ri r{’{gﬁﬂe i ncrenment

every predeferm ned Feans sxtands, £ qnh He® cont i nuous
counter ring sm@mﬁlrxgymimthmn dree tife tmmmmp@nrgdlfma of the

interm ttent CO%?xta ‘rg‘%eh%l%éﬁ% S B 1Dl rB’f””%e powder. £ £rdil e ar

teeth of the con countér ring are arran corres ondence W th
the counting i n@esiond3gineatiom Ofar‘hilet IR dar 1‘!@5131 sbatant ia kkyr kadht

count er i g The FIFWWHE vt esmn;-d%rw hnéi}?s QaItd ng

'ndicia theroeonce%rf];rla nearm.ssurJnec‘iCetsheOfu}haelartelsopneCéér\lldeult has a central
axis parallel to and offset from the central axis of
the chimney means.

In accordance with still another aspect of the
present invention, a nozzle for breaking up

15 agglomerates of powdered material from an inhalation
conduit extending in a first direction in a powder
dispenser to form micronized powdered material and for
mixing the micronized powdered material with suction
air, the nozzle includes an outer wall defining a

20 conduit with a shape subs{:antially that of an inverted
tornado.

Specifically, the inverted tornado shape is
defined by a continuously changing cross-sectional
circular area having a radius which changes .

25 exponentially by depth from a lower outer circle of a

" first radius to an upper circle of a second, smaller
radius, and having an origin which moves in a circle
that changes with depth. More particularly, the
inverted tornado shape is defined by the equation:

30 (x-a)? + (y-b)2 = ¢4 + ¢, * e¥,
where a = a, * .sine (a; * n),

b = b, * cosine (b, * n), )
C + ¢ is the radius of a lowest cross-sectional
circular area of the inverted tornado shape,

35 Ccy is the radius of an uppermost cross-sectional
circular area of the inverted tornado shape,
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6 ri‘'ngs. Further, spring means is provided for biasing t he paw
means into engagenment with the gear teeth of t he conti nuous counter
ring ‘and the intermttent counter ring. 5 More particularly, the
gear teeth of the continuous counter ring include a plurality of
successive first gear teeth of a first deptdpand at | east one second
gear tooth of a second, greater depth, each the second gear tooth being
positioned after everya,l® aprisicthes m-+roobirdivete obf ttiee f lowesyear teet h;

and the I nt, | ttent, £o els L] Lncludes a plurality of ' .
successive thir goergaér ﬁeeeéetf%o’g?ri aélcfééb‘pﬁaredaﬁ 2t o the depth of each the
second gear tooth of td&heisothenxogoordinateunifethe mppermosst t he paw

nmeans engages\Mé{bégiseéggaﬁgiiﬁégéggﬁ%cgré%e first gear teeth during

successi ve dosing operations an es With one the second gear

tooth of thé continuodd tobnti§ ¥hedzprPrdinatgof HEhenlewesgkar tooth of
the interm ttentcrgdifdctional irabisF #@ayrality of the dosing

operations. b, is the x-coordinate of the uppermost
cross-sectional circular area,
X, Y and z are x-, y- and z- coordinates, and
10 k is an exponential coefficient which defines the
geometfy.of a spiral of the inverted tornado shape.

In accordance with yet another aspect of the

present invention, a gas permeable retainer means is
. provided for retaining a dose of the powdered material
15 in the metered dose hole means, the retainer means
being positioned below the metered dose hole means. 1In
one embodiment, the retainer means includes a material
secured to an underside of the metering plate means and
formed by a material selected from the group- consisting
20 of a gas-permeable filter, a mesh screén, a porous
material and a perforated plate element.

The powder dispenéer includes an upper support
plate positioned below and in contact with the metering
plate means, the upper support plate having an opening

25 larger than the metered dose hole means and in
alignment with the metered dose hole means when the
metered dose hole means is in alignment with the
-inhalation conduit, and in an alternative embodiment,
the retainer means includes a material secured to an

30 underside of the upper support plate and formed by a
‘material selected from the group consisting of a
gas-permeable filter, a mesh screen, a porous material
and a perforated plate element.

In addition, rotation limiting means is provided

35 for limiting bi-directional relative rotation between
the powder housing means and the metering disc means to
a predetermined angle of rotation, for example, 180°.



20 “ In addition, detent neans is provided for preventi-ng rotation
of the conti nuous counter ring and the intermttent counter ring in a
second rotati onal . direction opposite to the first rotational direction
in whi ch the pawl neans drives the counter rings. 25 Pawl dri ver
means i s provided for increnmentally rqyhati ng the pawl neans, the paw
driver neans I ncluding a retainer rotatably nounted on the base

coaxially with the Cmﬁdmnféwﬁqrs W1 Prbvited for ip¥sFdRtimfithe
counter ring, the r t.ai ner Q|Ud| |rst 39md driver_nmeans féh
engaging wi th ofElALIYGEqtRFion of) the Rosder Kataing MEans AIb RS | he

paw neans in ametern‘ng Platw atdaynlaftiered ipyrredetdrnel reedl mimbem amf on of

t he retainer in le cti r eans
to engage a SUCCESSI ve gearb%; t‘ﬁ' rgnéf ﬁpéﬁt nuo{as couﬂ% I ng, and
second paw 5dri ¥dspenger inclydes mg:fgamg:rarwmvﬂosth% rmfémrmgtpkaiﬁevm

means to ' &@ﬁ@&@'ddﬁiﬁﬂtﬁaﬁﬂe AR 4 S dis
non-rotatably mounted on the base. The lock-out means .
- includes a dosage limiter tab on the adapter, and tab
means on the counter means for engaging with the dosage
10 limiter tab when the predetermined number of doses have
been dlspensed

In accordance with a further aspect of the present
invention, the powder dispenser includes closure cap
means for covering the powder housing means and for

15 priming the powder dispenser for use, the closure cap
means including priming means for rotating the powder
housing means such that the inhalation conduit is in
communication with the metered dose hole means when the
closure cap means is removed from covering relation of

20 the powder housing means, and for rotating the powder
housing means such that the inhalation conduit is out
of communication with the metered dose hole means and
such that the powder supply opening comes into
communication with the metered dose hole means as the

25 closure cap means is secured in covering relation to
the powder housing means.

Specifically, the adapter includes first helical
threads and the closure cap means includes second
helical threads for engaging with the first helical

30 threads to threadedly connect the closure cap means on

| the adapter. The powder housing means includes at
least one driving recess and the priming means includes
rib means on an inside surface of the closure cap means
for engaging with the at least one driving recess to

35 rotate the powder housing means such'that the
inhalation conduit is in communication with the metered
dose hole means when the closure cap means is
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7 . opposite rotational direction at the end of rotation of t he

reiaLner I n the second, opposite rotational ‘direction to cause the paw
means to increnentally rotate the continuous counter ring therewth.
The 5 first and second pawl driver neans are fornmed as opposi te edges
of an arcuate paw driving wall connedBed with the retainer, wherein

the first and secqnd pawl driver neans are spaced _apart b di st ance
such that rotat FBHP—&EG?’&X E@P‘%"ﬁgr frem, the, soverdng Fef@tiqy s‘%/faﬁ:e’& causes
i ncrenment al r ot powderohoilad ngaweamsaand for Motatisweotthes povdar ar cuat e
di-stance. Prefe I t fir rguat I.St.ance i s -apnroxi |y
180[err] and théggsxngsg%gﬁlg g}lgba?:g’ag’l g‘ ng‘é&ﬂa?aaigﬁﬁloﬁo %ty%%%%
The above count of compumiicadd onn wd thowiker meXeredi Soses drolienalaatisn@rsbwder
housi ng neags f ol ding I i 0 be -
di spensed, ?he %gﬁge#ga% f%ﬁbSSPﬁg&ﬁE%*EﬁéhEﬁﬁgﬁﬁgpéﬁﬁ%ﬁiaqg¥%on condui t
ext endi ng  PREPEPACAEGRT Widhs thec setexed dofa Qiakk maans Rrefthe
- powﬂe{ edf mt":l}1 eri a\tkgsa&% @E&{pe'id_e%?xsp![i%t %h'i‘t%%l&f’e&‘lv smixﬂﬂléatzj & thed ara%t;ﬁi%d
anount o e powderedq materi gl, net ering e neans incl udi ng
net ered dose hoP&3REaAD LHVering I’F&ﬁd‘itﬁﬁ’"t e ﬁ&%r‘ﬁ‘g’d}rﬁﬁ’rﬁuﬁj‘f"q e wder ed
mat erial , t he nrher ahove and othey Teatmiressidf dkablinveritolen eill
supply of wde teri als, ' | . he
powder houglang %tggﬁ%%:bgeﬁglrléﬁa é%?&%%fr?%?wq'h% %toen?oﬁ"n.{?%aai%ﬁi
description thereof which is to be read in connection

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Fig. 1 is a perspective view of a metered powder
dose dispenser according to the present invention;
Fig. 2 is a perspective view of the metered powder
dose dispenser of Fig. 1, with the closure cap removed;
20 Fig. 3 is an expldded perspective view of the

metered powder dose dispenser of Fig. 1;
Fig. 4 is a longitudinal cross-sectional view of
the metered powder dose dispenser of Fig. 1;
Fig. 5 is a front elevational view, partially in
25 cross-section, of the reservoir body of the metered
powder dose dispenser of Fig. 1;
Fig. 6 is a top plan view of the reservoir body of
Fig. 5;
Fig. 7 is a bottom plan view of the reservoir body
30 of Fig. 5;
Fig. 8 is a cross-sectional view of the reservoir
body of Fig. 6, taken along line 8-8 thereof; _
'Fig. 9 is a top plan view of the reservoir'piug of
the metered powder dose dispenser of Fig. 1;
35 Fig. 10 is a bottom plan view of the reservoir
plug of Fig. 9; '
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rotatabl & with respect to each other about a common central axis so
that the metered dose hole neans is adapted to be in fluid _
conmini cation selectively with t he supply of powdered nmaterial or .the
i nhal ati on 30 conduit. The powder dispenser includes a base having

an axially extendi ng retaining post thereomzxoaxi al with the common’
axis, and the counter rings are rotatably nounted on the base in
surrounding rel ati on Fig. 1D isecarside nebgvabvidonaBSview of €het her, the

powder housi ng ' h ' C i ng_t he retainer
with the pomderqﬁ%ﬁ%?%gféugféﬁegﬁgkggfi%g Yggagélgf§9eiéé¥a€?o%hbetmeen t he
met eri ng thereof; pl ate neans and the powder housi ng neans about the

common central axis. fh@.hPidiﬂga”@@8§SLQEEH§8ﬁaftview beagheOpEsdE ¥y s! Ot
in the powder housi ng neaps and at | east_one driven ear in the
retainer, the atPlM3sPLoRhtgd. 9, taken along line 12-12 thereof;
: ~ Fig. 13 is a cross-sectional view of the reservoir
plug of Fig. 9, taken along line 13-13 thereof;
Fig. 14 is a front elevational view of the driving
body of the metered powder dose dispenser of Fig. 1;
10 Fig. 15 is a top plan view of the driving body of
Fiqg. 14; _ ' |
| Fig. 16 is a bottom plan view of the driving body
of Fig. 14; '
Fig. 17 is a cross-sectional view of the driving
15 body of Fig. 15, taken along line 17-17 thereof;
Fig. 18 is a cross-sectional view of the driving
body of Fig. 16, taken along line 18-18 thereof;
' Fig. 19 is a cross-sectional view of the driving
body of Fig. 16,'in inverted position, taken along line
20 19-19 thereof; '
Fig. 20 is a cross-sectional view of the driving
body of Fig. 16, taken along line 20-20 thereof;
Fig. 21 is a side elevational view showing the
counter stop tab of the driving body of Fig. 14, viewed
25 along line 21-21 thereof;
Fig. 22 is a top plan view of the metering dose
plate of the metered powder dose dispenser of Fig. 1;
Fig. 23 is a cross-sectional. view of -the metering
dose plate of Fig. 22, taken along line 23-23 thereof;
30 Fig. 24 is a bottom plan view of the metering dose
plate of Fig. 22;
Fig. 25 is a top plan view of the base of the
metered powder dose dispensef of Fig. 1;
' Fig. 26 is a bottom plan view of the base of Fig.
35 25; | | |
Fig. 27 is a front elevational view of the base of
Fig. 25;
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5 drive®ear engaging within the at |east one drive slot. ' In

addi tion, spring neans is provided for biasing ‘the netering plate neans
and the powder housi ng neans toward each other. I n accordance
wi t h anot her. aspect of the present 10 i nvention, a nozzle for breaking up
aggl oner at es of powdered material fromldn inhalation conduit extending
ina first direction in a powder dispenser to form . mcronized powlered
material and for ni xiFdg-t RE is ani iedeyatdanale viex @f dthevikasesrfion
air, includes 1§igqagbgy means for changing the direction of flow of the
powder fromthe first . direction of the inhalatiqn |, conduit. to a second
direction different frigm 2% 8 Ascross-sgatdanaj, visy %ﬁMthe RARR ‘?%r
substantially Fig.cem®, ruaken alomndiing Jee-28 rdmvent of flow of the 20
powder in the seconddiJectiQn, in.t avist . [ty
means i s defined by gqlggp%v(\i/al s fmﬁ’o%%oqn \blsﬁ%’l ;q?&g%r?nfec he%l ]t%w% B%Ilc%% ry of
the top wall inretainex cfutdiengetsirad @owden [osaidispanssr ahdiop wal

i ncl udes an opeRi.ng for changing the direction of flow 25 of the powder

fromthe second direction of the cavity . means substantially, back to
the first direction. Fig. 3 de@iiop RIAN (Wl the kewer gRBiN$hape and
t he openi ngreita igRiH 'od IBid.o@ied in the top wall. The swirl

reans relges, @ el velf Sl S ad O N QP A A NG oK T
spring retainer of Fig. 30; '
Fig. 33 is a cross-sectional view of the lower
spring retainer of Fig. 30, taken along line 33-33
thereof;

15 Fig. 34 is a cross-sectional view of the lower
spring retainer of Fig. 30, taken along line 34-34
thereof; | ' .

Fig. 35 is a top plan view of the support plate of
the metered powder dose dispensef of Fig. 1;

20 Fig. 36 is a bottom plan view of the support plate
of Fig. 35; '

Fig. 37 is a cross-sectional view of the support
plate of Fig. 35, taken along line 37-37 thereof;
Fig. 38 is a cross-sectional view of a portion of

25 the metering dose plate, support plate and powder
retainer according to an alternative embodiment of the
present invention;

Fig. 39 is a cross-sectional view of a portion of
the metering dose plate, support plate and powder

30 retainer according to another alternative embodiment of
the present invention; _ '

Fig. 40 is a front elevational view of the adapter
'of_the metered powder dose dispenser of Fig. 1; Fig.
41 is a side elevational view of the adapter of Fig.

35 40;

Fig. 42 is a top plan view of the adapter of Fig.
40;
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Specificélly, the curved wall has a first curved wall section
extending partially about the central opening and a second curved wal |
section extending fromone end 35 of the first curved wall section to the
skirt, each of the first and second curved wall sections extending
essentially along a circular arc, with thelSadi us of

9 the circular arc of the second curved wall section bei ng
greater than the radiRig.of43 He @& rafitom plarvfview of (the iadapker wfl wal |
section. The cumpied vgl,l is connected with the top wall. 5

Chi mey neans extends fromthe top wall in | surrounding relation to the
central opening for Fi9. &hdf Ry REINFHITROIVITHPHIEAKAGRRERT from

t he second off Y. @2 ,Oftdieh GGy YRS SUDsEEradt Yy back to
the first direction. _Lhe chi nney neans has .a 10 centr xis‘?nqtthe
i nhal ati on Qonduit hda% fehtiSja cross-sectional view of the adapter

of Fig. 41, taken along line 45-45 thereof;

Fig. 46 is a top plan view of the swirl nozzle of
the metered powder dose dispenser of Fig. 1;

Fig. 47 is a bottom plan view of the swirl nozzle

10 of Fig. 46; .

Fig. 48 is a side elevational view of the swirl
nozzle of Fig. 46;

Fiq. 49 is a cross-sectional view of the swirl
nozzle of Fiq. 47, taken along line 49-49 thereof;

15 ' Fig. 50 is a cross-sectional view of only the
‘annular side wall of the swirl nozzle of Fig. 48, taken
‘along line 50-50 thereof;

' Fig. 51 is a top plan view of the mouthpiece of
the metered powder dose dispenser of Fig. 1;

20 " Fig. 52 is a cross-sectional view of the

mouthpiece of Fig. 51, taken along line 52-52 thereof;
Fig. 53 is a cross—séctional view of the

mouthpiece of Fig. 51, taken along line 53-53 thereof;’
Fig. 54 is a bottom plan view of the mouthpiece of

25 Fig. 51;

Fig. 55 is a side elevational view of the
mouthpiece of Fig.-51;

Fig. 56 is a top perspective view of a combination
mouthpiece nozzle according to another embodiment of

30 the present invention; ' ,

Fig. 57 is a bottom perspective view of the
mbuthpiece nozzle of Fig. 56; .
_ Fig.'sé is a perspective view of the'shape of the
internal swirl cavity of the mouthpiece nozzle of Fig.

35 56; )

Fig. 59 is a side elevational view of the closure
cap of the metered powder dose dispenser of Fig. 1;



axis parallel to and offset fromthe central axis of t he chi mey

means. In accordance with still another aspect of the

presént invention, a nozzle for breaking up 15 aggl oner at es of powdered
material froman inhal ation conduit extending in a first direction in
a powder di spenser to form m croni zed yowdered. material and for

m xi ng the m croni zed powdered material with suction air, the nozzle
4 ncludes an outer vvaIEig:lef601iifg @ lxgttom gptiam t view hofi thepelesuseanapal |y
that of an inverdedg -g. S;pr nado. Specifically, the inverted
tornado shape is - ? ed, by a continuously changi ng_cross-sectional

circul ar area having %lga(ﬁ:‘dslm ckPR ke sview ofxEhacAlPeure egpdefth
froma Iower(nupg Ciggle of a first radius to an upper circle of a
second, snall radlus and havin in which goves ip a circ

an origi
t hat changes5W|th degt}g- \B% LA (FERFSTFSCEL al VleVn?@rF}éﬁ EoPARES shape
i s defined by thesapmfitFig. 60, taken along 11néxsa}62rtl]1ereby,b)[err] =

Lol L] T g Cbsodsudletbhai 7167, S2LEAE] plobép])

radi us of a | owesap @HBigectl prtdken alongcline ﬁBeé3othenGOfnverted
tornado shape, 35 ‘%cuf‘{ e{éla'ﬁogéﬁh féHstéwanUngéE?ﬁ&ant

cross-sectional area e Inverted torn
10 holder of the metered powder dose dispenser of Flg. 1;

F1g. 65 is a side elevational view of the
desiccant holder of Fig. 64;

Fig. 66 is a cross-sectional view of the desiccant
holder of Fig. 64, taken along line 66-66 thereof;

15 Fig. 67 is a top plan view of the continuous
counter ring of the metered powder dose dispenser of
Fig. 1; )

Fig. 68 is a bottom plan view of the continuous
counter ring of Fig. 67;

20 Fig. 69 is a cross-sectional view of the
continuous counter ring of Fig. 67, taken along line
69-69 thereof;

Fig. 70 is a side elevational view of the
continuous counter ring of Fig. 67;

25 Fig. 71 is a top plan view of the intermittent
counter ring of the meﬁered powder dose dispenser of
Fig. 1;

Fig. 72 is a bottom plan view of the intermittent
counter ring of Fig. 71;

30 Fig. 73 is a cross-sectional view of the
intermittent counter ring of Fig. 71, taken along line
73-73 thereof;

Fig. 74 is a side elevatlonal view of the
intermittent counter ring of Fig. 71;

35 Fig. 75 is a top plan view of the pawl assembly of

the metered powder dose dispenser of Fig. 1;



10, :
Cross-sectiona

alerr] + a[err] is the x- coor di nate of the | owest

circul ar area, . a[err] is the x-coordinate of the

upper nost cross-sectional circular area, 5 b[err] + b[err] is
the y-coordinate of the | owest- cross-ﬁgctional circular area,
b[err] is the x-coordinate of the uppernos cross-sectional circular

ar ea,

I's an exponential co
of the invertedefoFdgdo7SHape.
aspect of the

provi ded for

dose hol e neans?2Sg

, Yeszand - - ' : d
¥ 078 36 2 potko Ml VIV YO UEE Al slbennt
I n accordance with yet another

PFELNG7 IECRl isile 21¢ARIYNMAR}iRY YAITHY gRANS 1S

dose hole nmeans. In Fig. o8e ieodrt-sddtd orilaiviiw R rthe pdwlkdes a

mat eri al

10

15

20

25

30

35

assembly of Fig. 75, taken aiong line 78-78 thereof;
Fig. 79 is a cross-sectional view of the pawl
assembly of Fig. 75, taken along line 79-79 thereof;
Fig. 80 is a schematic view showing the
relationship between the arcuate pawl driving wall of
the lower spring retainer, the continuous counter ring,
the intermittent counter ring and the pawl assembly in

the stored position;

Fig. 81 is a schematic view similar to Fig. 80
when the arcuate pawl driving wall has been rotated
178° toward the inhalation position; and

Fig. 82 is a schematic view similar to Fig. 80 in
the inhalation position.

Fig. 83 is a top plan view of the base according
to another embodiment of the metered powder dose
dispenser of Fig. 1;

Fig. 84 is a bottoﬁ plan view of the base of Fig.
83; " o

Fig. 85 is a front elevational view of the base of
Fig. 83; ' _

Fig. 86 is a side elevational view of the base of

Fig. 83;

Fig. 87 is a cross-sectional view of the base of
Fig. 83, taken along line 87-87 thereof;

Fig. 88 is a bottom plan view of the lower spring
retainer according to another embodiment of the metered
powder dose diépenser of Fig. 1;

Fig. 89 is a top plan view of the lower spring
retainer of Fig. 88; o

Fig. 90 is a side elevational view of the lower
spring retainer of Fig. 88;

a spﬁ?al

retaining a dose of the powdered material 15 i nthe netered
ﬁ@ha§t8¢n§ﬂgheaﬁ§ bei ng positioned bel ow the netered

k
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secured fo an underside of the netering plate neans and

formed by a
material selected fromthe group consisting 20 of a gas-perneable filter,

a nmesh screen, a porous material and a perforated plate el enent.
The powder dispenser includes an upper support pl at e positioned bel ow
and in contact with the nmetering pl at ggneans, the upper support plate
having an opening 25 | arger than the netered dose hole neans and in

alignment with the majey, e@ldq%eah@r%sige@&emwhqew of rm{eerﬁﬂ«éiose hol e

means is in ali nnent Wit Jnhal ation conduit,

al ternative enb&&FHH retéll"“"‘L"h«?fr &g -n 88 maken %shaf‘ena"per%]al

in an

to an 30 Undethedeo@f the upper support plate and fornmed by a
materi al selected fr up consj sti R -.[e filter,
a nesh screen, a por gﬁjgtng % % %g rﬁf%%lr?é’raf Va?tee"%i%%sa@bé gfcgpréexﬁt.

I n additiond rospriing Ine‘hatnneg' nﬁar’r”s.g-s 88,0\tiakeh 30.dng 1ing t92rP2

secured

housi ng neans and

bi -di recti onal Qﬁﬁéﬁé&f& rotation between t he powder
the metering disc neans to a predeterm ned angle of rotation,
exanpl e, 180[err]. Fig. 93 is a top plan view of the continuous

counter ring according to another embodlment of the

metered powder dose dlspenser of Flg. 1;

f or

10 -~ Fig. 94 is a bottom plan view of the continuous

counter ring of Fig. 93;

Fig. 95 is a cross-sectional view of the
continuous counter ring of Fig. 93, taken along line

95-95 thereof;

15 Fig. 96 is a cross-sectional view of the .
continuous counter ring of Fig. 93, taken along line

96-96 thereof;

Fig. 97 is a sideelevational view of the

continuous counter ring of Fig. 93;

20 Fig. 98 is a top plan view of the intermittent
counter ring according to another embodiment of the

metered powder dose dispenser of Fig. 1;

Fig. 99 is a bottom plan view of the intermittent

counter ring of Fig. 98;

25 Fig. 100 is a cross-sectional view of the
intermittent counter ring of Fig. 98, taken along line

100-100 thereof;

Fig. 101 is a side elevational view of the

intermittent counter ring of Fig. 98;

30 : Fig. 102 is a perSpective view of the pawl
assembly according to another embodiment of the metered

powder dose dispenser of Fig. 1;

Flg..103 is a top plan view of the pawl assembly

of Fig. 102;

35 Fig. 104 is a side elevational view of the pawl

assembly of Fig. 102; and



Lock-out” neans is al so provided for preventing the relative rotation of
t fie powder housi ng neans and the netering plate neans after a

pr ed&t er mi ned nunber of doses have been dispensed. In this regard, the
powder 5 dispenser includes a base on which the netering plate means
is non-rotatably nounted and an adapter isi19 non-rotatably nounted on the
base. The | ock-out neans i ncludes a dosage limter tab on the adapter,
and tab nmeans on Rikp do$tiey areop glan engsgiol) avpawl knvsshmage 10

timter tab whe@l[ Ql?\cf q}dg_esrt{ggp%g%téb%e‘% aéc}o%h g haVYen en di spensed.

I n accordance w her |nve i on, the
powder di spenseenhediment cfotihe nrgsent mmtsmro.r owhich the pawlier

housing means ARkIS (BT PRI RARESEA e Usunt e ol osur e

cap means i ncluding prim.ng, nmean rotating the housi ng
nmeans such that x't%ﬁrnlﬂg%ﬂtatwldﬂ‘ &3 FRr ing jdetent %cﬁﬁnﬁnga‘??% Mittede
net ered- dose hol e neans mhen t he cl osure cap means is renoved from
covering rel ati otating the
powder hous it . out of
communi cation with the nmet er ed dose hole means and . such that the powder

-supply opening Conesﬁégé}rlng to the drawings in detail, and initially
'10 to Figs. 1-4 thereof, a metered powder dose dispenser

10 accbrding.to the present invention includes a powder
housing 20 for holding a supply of pqwdefed material to
be dispensed, and for supplying metered doses of the
powder to a user. .

i5 . Powder housing 20 is comprised of a reservoir body
22, a reservoir plug 90 and a driving body 120, each
being formed as a single molded plastic piece.

Referring to Figs. 3-8, reservoir body 22 includes
a circular top wall 24 having an annular skirt 26

20 extending downwardly from the periphery of circular top
wall 24. Annular skirt 26 includes an upper annular
skirt section 28 with its upper end extending
downwardly from the periphery of circular top wall 24,

"and a lower annular skirt section 30 extending
25 downwardly from the lower end of upper annular skirt
' section 28. Lower aﬂnplar,skirt section 30 has an
inner and outer diameter greater than the inner and’
outer diameters, respectively, of upper annular skirt
éection 28. Accordingly, an outer annular shoulder 32

30 is formed at the upper end of lower annular skirt
section 30.

Diametrically opposite, axially extending drive
slots 34 and 36 are formed in annular skirt 26, each
extending for a different circumferential angular

35 extent about annular skirt 26. For example, driﬁe slot
34 is shown to extend along a 30° arc circumferentially
of annular skirt 26, while drive slot 36 is shown to
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connunichfion with the netered dose hol e neans as the 25 closure cab means

is secured in covering relation to t he powder housi ng neans.
Specifically, the adapter includes first helical threads and the .
cl osure cap neans includes second heliggl threads for engaging with the

first helical 30 threads to threadedly coffifect the closure cap neans on
the adapter. Th r |n | a r|V|ng
recess and the ([;er"‘l%r)ﬁ ng ar%&’c}l ncqmga?c Mé{ﬁﬁé zaée%tsl%]ﬁi 3% &ﬁ% {Wrface of
the closure cap skiats 26.. faff ngayng:m tpremiatmmumemlrmm:ng recess
to 35 rotate thgPRUEED heD | t

. t %ﬁéé% ;%%ﬁfe &rreteredé ffied r v<|=. £16¢ &4 P Mang

conduit is in connunlcatlon W t dose e neans when the

threadedl y @mw&ﬁéﬁﬂ\ﬁé@ C QiR | e erid aipw‘&rdl'iy té}@tlrelﬁouﬁiﬁéuél@US| ng
means and for tat| n elé) ch | ng, e such fat th
i nhal ati on cond qwe r irt por 1on art1 Y through

upper annular skirt portion 28. Thus, drive slots 34
and 36 have closed upper ends which define seating
edges 42 and 44.
10 Powder housing 28 includes an arcuate manifold 46
'formed on the upper surface of circular top wall 24, at
a peripheral position offset from the center thereof.
Manifold 46 includes an arcuate chamber 47 extending
circumferentially for an arcuate length of
15 approximately 140° about a peripherai portion of
circular top wall 24 and which is defined by a
surrounding chamber wall 48. Specifically, chamber
wall 48 is formed by a lower chamber wall portion 50
extending upwardly from circular top wall 24 and an
20 upper chamber wall portion 52 extending upwardly from
the upper end of lower chamber wall portion 50. The
shapes of wall portions 50 and 52 are substantially .
identical, but with the inner dimensions of upper wall
portion 52 being less than the inner dimensions of
25 lower wall portion 50. As a result, a shoulder 54 is
formed at the lower end of upper chamber wall portion
52.
Circular top wall 24 includes an opening 55 of the
same shape and dimensions as lower chamber wall portion
30 50 of manifold 46 and in alignment with the lower end
of lower chamber wall portion 50. The upper end of
manifold 46, ahd particularly upper chamber wall
portion 52, is closed by a manifold top wall 56 which
is angled downwardly from the center thereof and which
35 has an opening 58 at the center thereof.
A powder supply conduit 60 is formed on manifold
top wall 52 at the center thereof in alignment with
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of commuication with the netered dose hole nmeans and 5 such that the

pomder supply opening conmes into . comuni cation with the netered dose
“hol e*nmeans as the - closure cap neans is threadedly secured to the’
adapt er means in covering relation to the powder housi ng neans.

The above and other features of the inventi®dn will 10 becone readily

t f t h ' ' t
o read in conndbarand B¢, M urer. end 3 Al Binltl P Lotiuig 48,
DESCRI PTI ON OF TisE opR&Al NESWier supply caridpitl 66 s prowpally vBilkedof a
metered powder ey st ¥ GO t&fié‘%éﬁ&%ﬁﬂ’eiﬂveﬂﬁéon

Fig. 2 is a perspective view of e netere - dose di spenser of
Fig. 1, with thémdm‘&ﬁ?e@emawtb'" "and Flrpwder's includR oded

perspectivesvi ewifrdni®zed pomﬁr%bmaﬁrzé@%whépenser of Fig. 1;

Fig. 4 is a |longi,tudinal cross-se t on vi e t he netered. powder

dose di spenser GEqy.encapsu ate LS 9%""%’? riﬂﬁl’%‘f‘%‘f?%rﬁ‘?‘i ‘l%éﬁv
partially in 251iker,0sndaxe orsedaflﬁﬁa'clmagaablymﬂ;hcﬁhém tetes ed

powder dose dlS@%ﬂ&Br of Flg 1; . 'Fig. 6 is a top plan view of the .
reservoir body O ; ' Fig. 7 is a bottomplan view of

the reservoir body & frusto-conlcal inhalation venturi conduit 64 is
- 10 also formed on circular top wall 24 substantially
parallel to powder supply conduit 60 and axially offset
from the central axis of circular top wall 24. The
center axis of powder supply conduit 60 and the center
- axis of venturi conduit 64 lie on a circle having a
15 center coincident with the center of circular top wall
24, so as to be positioned at a peripheral portion of
circular top wall 24, the center axes of conduits 60
and 64 being spaced apart along such a circle by an
angle of approximately 105°.
20 Specifically, venturi conduit 64 is formed by a
' lower venturi conduit section 66 and an upper venturi
conduit section 68 axially aligned therewith, each
reducing in inner diameter from a lower end thereof to
an upper end thereof. The upper end of upper venturi
25 conduit section 68 is open, and upper venturi conduit
section 68 has a smaller diameter than lower venturi
conduit section 66 so that an inner annular shoulder 70
is formed at the lower edge of upper venturi conduit
section 68. Circular top wall 24 includes a further
30 opening 72 of the same shape and dimensions as the
lower end of lower venturi conduit section 66 and in
-alignment therewith.
A peripheral securing wall 74 extends generally
about a circular arc on a peripheral portion of
35 circular top wall 24, in surrounding relation to lower
chamber wall portion 50 and lower venturi conduit
section 66. A gap 76 is provided in securing wall 74



30 of=Fig. 5 Fig. 8 is a cross-sectional view of the reservoir
body of Fig. 6, taken along line 8-8 thereof; - - Fig. 9is atop

pl an view of the reservoir plug of "the nmetered powder dose di spenser
of Fig. 1; 35 Fig. 10 is a bottomplan view of the réservoir

plug of Fig. 9; ) 13 Fi g.
11 is a side elevational view of the r@gervoir plug of Fig. 9, viewed

fromline 11-11 .eqf ° . ' 210 -saed i@l vi ew of
the reservoir Satplaug’%gle@id& oé),p%salkteen égrgi#gl% nezo'%(z?f'hereof;

Fi E: 13 is a cr pagraddeli ospacsde epirt haadiadlniextending taps Hg. o9
taken along lin - : fv i) i I I ppal
view of the dri %xr%n@ 1‘:@{;&(}?‘1 31" ftrhoem n%%pe?se%(?eg erlds I6f Bédfing WRL T

owder. do di " Fig.
1; fiy exten_f%gléﬁﬁﬁf§¥ prFlg

at gap 76. 'Further, a radia

-5 80 extends outwardly from the upper end of securing
wall 74. _ _

As will be understood from the description _
hereinafter, it is necessary that the lower surface of
circular top wall 24 be as smooth as possible, that is,

10 with very few undulations therein. However, this is
difficult to achieve when molding reservoir body 22 as
a single piece. Therefore, to overcome this problem, a
" reservoir plug 90 is proQided, as shown in Figs. 3, 4
and 9-13. | o

15 Sﬁecifically, reservoir plug 90 includes a thin
circular plate 92 which can be molded, because of the
thinness of plate 92, to have a very smooth lower
surface with no undulations. - The outer diameter of
circular plate 92 is substantially equal to the inner

20 diameter of upper’ahnulér skirt portion 28 so that
reservéif plug 90 can be fit'thergin, as shown in Fig.
4. In such cohdition, the lower surface of circular
plate 92 effectively is flush with seating edges 42 and
44 of drive slots 34 and 36. _

25 ‘Circular plate 92 has a circular hole 94, a first
substantially oval hole 96 and a second substantially
oval hole 98, all having centers extending along an
imaginary circle centered at the center of plate 92.

A circular plug conduit 100 is formed on the upper

30 surface of circular plate 92 in surrounding relation to
circular hole 94.. Conduit 100 is open at its upper and
lower ends and has an outside diameter and a height

. substantially equal to the inside diameter and height,
‘respectively, of lower venturi conduit section 66 and

35 an inside diameter equal to the inside diameter of
upper venturi conduit section 68. Thus, when reservoir
plug 90 is inserted within upper annular skirt section
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-10 * Fig. 15 is a top plan view of the driving body of Fig. 14;

Fi'g. 16 is a bottom plan view of the driving body of Fig. 14;

Fig. 17 is a cross-sectional view of the driving 15 body of Fig. 15, taken
along line 17-17. t hereof; : Fig. 1&3s a cross-sectional view of
the driving body of Fig. ‘16, taken along |ine 18-18 thereof;

Fig. 19 is a cr@ss; $nid endwiteVvied £ihes dsnug Dy wlthmoljwei- fegtudh, in

i nverted p05|t|on en_al.ong | 2 19: 19 there Fig. 20
is a cross-secti® 4&u%eﬁ$?ﬁl é% %é)EPe in n%5d§u5$a$e of %lu?aken al ong
| ine 20-20 ther ezgnduit 100 foifig.a 2mosth mnlbmrhehaononal theednvéowi ng

the | jcounteraland abr alpdde vshuhry Boruel £08csdf el ougd hon al ong

line 21-21 there pl an view. o he netering

dose pI%at e GNdifeiony kel mrem ot eb‘e'aseen@mt. aoo 1abuts

Fig. 23 is a crcaﬁfam mla/teyn&ila@e 'iT@tQélﬂﬂat no §apeis! sbemed Fi Q.
22, taken along |l1,ne 23 t here bot gﬂiplan Vi ew

of the metering kﬁﬁ) ‘fﬁa‘f%“‘g?"?l 3P0 ;and uppgr Venh‘ﬁl o8n top plan
view of the basesedtidme 68. netered powder dose di spenser of Fig. 1;

g;glszg ;foﬁtbgfgeglpgg f%ﬁ%kgg?i$ﬁ %%@%9%ffbg i8°forfidd on the uppbkrd

10 surface of circular plate 92 in surrounding relation to
first and second substantially oval holes 96 and 98.
Plug conduit 102 has the same shape as lower chamber
wall portion 50 of manifold 46. Plug conduit 102 is
open at its upper and lower ends ahd has an outside"

15 shape and dimensions substantially equal to the inside
shape and dimensions, respectively, of 1ower chamber
wall portion 50, inside shape and dimensions equal to
the inside shape and dimensions of upper chamber wall
portion 52, and a height équal to the height of lower

20 chamber wall portion 50. Thus, when reservoir plug 90
is inserted within upper annular skirt section 28, plug
conduit 102 fits snugly within lower chamber wall
portion 50 and the inner surface of plug conduit 102
forms a smooth continuation of the inner surface of

25 upper chamber wall portion 52. In such condition, the
upper edge of plug conduit 102 abuts against shoulder
54 so that no gap is formed between plug conduit 102
and upper chamber wall portion 52.

Although the outer surfaces of pluq conduits 100

30 and 102 are dlscussed above as being smooth, it will be
appreciated that such outer surfaces can be formed with
ribs 104, as shown in Figs. 4, 12 and 13.

As shown in Figs. 3, 4 and 14-21, driving body 120
includes a circular top wall 122 having an annular

35 skirt 124 extending downwardly from the periphery of
circular top wall 122.



Fig. 25¢ 14 Fig. 28 is

a’ side elevational view of the base of Fig. 25; : Fig. 29 is a
cross-sectional view of the base of = Fig. 25, taken along |line 29-29

t hereof; 5 Fig. 30 is a bottomplan view of the Iomer spring

retai ner of the metered powder dose di spengdr of Fig. Fig.
31 is a top plan view of the |ower spring retainer of F| 30; 10

Fig. 32 is a side el dnnularaskidy 174 tinclusies an uPEﬁﬁl#&Péiﬂ%ﬂﬁk#rQﬁ
Fig. 30; sectiich 13% hWith q@%pw'&mle%mm tdSeved 1

spring retainer of Fig. 30, taken alon 33-3 thereof, 1

Fig. 34 is a crd&om Q(ﬁﬁﬂlﬂhﬁﬁﬁtﬂ t qgk&ﬁ top wall 122, and a

lower annular skirt section 128 extending downwardly
5 from the lower end of upper annular skirt section 126.

' Lower annular skirt section 128 has an inner and outer
diameter greater than the inner and outer diameters,
respectively, of upper annular skirt section 126.
Accordingly, an inner annular shoulder 130 is formed at

10 the lower edge of upper annular skirt section 126,
along the inside of annular skirt 126. However, the
outer surface of the transition area between upper
annular skirt section 126 énd lower annular skirt
section 128 is formed as a frusto-conical surface 132.

15 Further, the inner diameter of lower annular skirt
section 128 is substantially the same as the outer |
diameter of upper annular skirt section 28 of reservoir
body 22 and the inner diameter of upper annular skirt
section 126 is substantially the same as the outer

20 diameter of peripheral securing wall 74 of reservoir
body 22. .Accordingly, reservoir body 22 fits into
driving body 120 with a close fit until the radially
extending annular lip 80 of peripheral securing wall 74
abuts against annular shoulder 130.

25 In order to lock reservoir body 22 and driving
body 120 together in such position, two axially épaced
apart, circumferentially extending ribs 134 and 136 .are
formed parallel to and spaced above annular shoulder
130, on the inner surface of upper skirt section 126,

30 to define an annular holding area 138 therebetween.
Thus, when reservoir body 22 is inserted within driving
body 120 in the manner described above, 1lip 80 at the
upper end of peripheral securing wall 74, due to the
resilience of the plastic pieces, rides along the inner

35 surface of upper skirt portion 126 and over lower rib
136, and is held between ribs 134 and 136 within
annular holding area 138. '
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spring retainer of Fig. 30, taken along line 34-34 t her eof ;

Fig. 35 is a top plan view of the support plate of the nmetered powder
dose di spenser of Fig. 1; 20 Fig. 36 is a bottom plan view of the
support plate of Fig. 35; F'g.-37 IS a cross-sectional view
of the support pl ate of Fig. 35, takeh along line 37-37 thereof;

Fig. 38 is a cross-s ' | yie i : : yRLkRIdg dose
pl ate, support plate§§%38%%WdéP @h&hr@epg% 8?”8@%8%§Fﬁ§k?§ an af?grnative,
embodi nent of theservoipr bodyt 22naddt dydving body 128,g twey spaced

Cross- secti onal aghey, 0hydalay! eXtefliing, radfaTaledriemare dil@ing uppor !
. plate and powder ", retal nér accordi ng to gnother alternatjve enbodi nent
of - the pre¥dhe dAPcpreoprovided on’ they 1nner SUrfacs, ©% URRRY onal

\lé! ew of thifadaahah_lar slkfifrtt !%%dt}i’b@f adsp?v\darbsdm, dirspaparedfagant 1
I g. I s.a si'de el evational _view th dapt gi, of. . Fi 40;
F o 42 is a tobVpPaRIovaN s STHEAREIAN Yoed o8 thepidth oF gap
' 76. Thus, in the assembled condition of reservoir body
22 and driving body 120, ribs 140 fit with close
' tolerance between tabs 78 of reservoir body 22, that

10 is, within gap 76.

Circular top wall 122 is formed with a circular
opening 142 which is aligned with and'rece;ves frusto-
conical venturi conduit 64 so that the upper edge of
frusto-conical venturi conduit 64 is substantially

15 flush with the uppef surface of circular top wall 122.

' A circular plug conduit 144 depends downwardly
from the lower surface of circular top wall 122 and is
in alignment with powder supply conduit 60. A radially
extending rib 146 extends outwardly from the lower end

20 of plug conduit 144 and has an outer diameter
substantially equal to or'siightly,greater than the
inside diameter of powder supply conduit 60. Thus,
plug'conduit 144 closes the upper open end of powder
supply conduit 60.when_resérvoir body 22 is assembled

25 with driving body 120. Therefore, powder 62 can only
escape through manifold 46, opening 55 and
substantially oval holes 96 and 98.

' Further, a curved retaining wall 148 extends
downwardly from the lower surface of circular top wall

30 122 in partial surrounding relation to circular opening
142 to ensure a further separation between powder
supply conduit 60 and frusto-conical venturi conduit 64
when reservoir body 22 and driving body 120 are
assembled. .

35 In order to provide for secondary air flow, as
will be described hereinafter, the wall defining upper
annular skirt section 126 extends inwardly in the



15 : Fig. 43 is a bottom plan view of the adapter of Fig. 40;

Fig. 44 is a cross-sectional view of the adapt er of Fig. 42, taken
alonyg line 44-44 thereof; 5 Fig. 45 is a cross-sectional view of the
adapter ~ of Fig. 41, t aken along line 45645 t her eof ; Fig. 46
Is a top plan view of t he swrl nozzle of the metered powder dose

di spenser of Fi Fi Lo
nozzl e 10 of Fgadizé' direction Lr% f%%&%l gla Sl gﬁ%ﬁ evaji)g ?Igﬁga\ﬂt t he
swirl nozzlaglépepltg t045:1rcu1ar Openllln@ 14¢ jin the m@mﬁqmlaﬂi ew

of the swirl  qjreetibp of 5‘1‘9.«11416 :&e'lzfd QM ld e cbhdt ot edfy 15

Fig. 50 is a cross-sectional view Q .annul ar S|q§ wal | of the
swirl nozzle ofppﬁﬁaQEB15@aﬁ§ﬁuatelyaﬁﬁiqu|§?Hﬁ9¥i?§9ﬁ% edf00° from

Fig. 51 is 8 tomlﬁb&na\ilze\ya@‘saighelfﬂwt hpi ece of the netered powder
dose di spenser of Fi

the. " “Pauthi ece of 3155 pxtenand, hprks isheteSE Y . 186 o

~and 158 are formed along a common circular arc at the

periphery on the upper surface of circular top wall 122
in order to secure a nozzle to driving body 120, as

10 will be described in greater detail hereinafter.
Specifically, upper securing wall 154 is formed
circumferentially between air passages 150 and 152;
upper securing wall 156 is formed circumferentially
between second outer air passage 152 and plug conduit

15 144; and upper securing wall 158 is formed
circumferentially between first outer air passage 152
and plug conduit 144 and in outer surrounding relation
to circular opening 142. A radially extending rib 160
extend; outwardly from the upper end of each upper

20 securing wall 154, 156 and 158. The common circular
arc along which upper securing walls 154, 156 and 158
extend is spaced slightly from the peripherai edge of
circular top wall 122 so as to define an annular
retaining ledge 159 on circular top wall 122,

25 positioned outwardly of upper securing walls 154, 156
and 158 in the radial direction.

A rotation limiting tab 162 is formed in
downwardly depending relation from the lower edge of
iower annular skirt section 128, the purpose for which

30 will be apparent from the description hereinafter.
Rotation limiting tab 162 includes a rounded nub 163 at
the lower end thereof.

. Lastly, two diametrically opposite dr1v1ng
recesses 164 and 166 are formed 1n lower annular skirt

35 section 128, with driving recess 164 being in '
circumferential alignment with circular opening 142.



Fig. 53°is a cross-sectional view of the mout hpi ece of Fig. 51, taken

along |ine 53-53 thereof; _ Fig. 54 is a bottom plan view of the
nout hpi ece of 25 Fig. 51; Fig. 55 is a side elevational view of
the - nouthpiece of Fig. 51; - Fig. 56 is a top perspective view
of a conbi nation nout hpi ece nozzl e accé di ng to anot her enbodi nent of

0 hh® PrEErt AU B pescyingd burtbddh” ARND RELGRRE VRed o
perspective vi eansf lfée agteamngagedhdo rotate ehmiatingvibddy a2y of the
nout hpi ece nozzl e of ﬁi Grder t}csﬁfovide me(}:e:l:é@'dolss}é Sof“‘_ﬁé Ll gyational
view of the closure cap o e netered powder dose di'spenser of Fig.
1: from powder supply conduit 60 ¢o venturi conduit 64, a
5 metering dose plate 180 is positioned within upper
- annular skirt section 28 of reservoir body 22,

immediately below reservoir plug 90. Specifically, .

metering dose plate 180 includes a thin disc 182 having

a single small metered dose hole 184 near the periphery

10 thereof which functions as a single powder receptacle,
thét is, for holding a metered dose of powder 62. In
.order to prevent the metered dose of powder from
falling through dose hole 184, a powder retainer 186 is
formed in covering relation to the lower surface of

15 disc 182, extending at least over dose hole 184.
Preferably, powder retainer 186 is formed by a mesh
screen, filter, porous material or the like which has a
minimal restrictive effect on gas flow therethrough,
while preventing appréciable loss of powdered

20 medicament below the lower surface of disc 182. Powder

 retainer 186 can be fabricated from any suitable
material, including'cellulosics, polymerics, metals,
ceramics, glasses or composites thereof, exemplary
useful materials including'éintéred porous plastics,

25 porous pblymer membranes, natural or synthetic woven
fabrics, nonwoven synthetic fabrics and the like. More
specifically, useful materials include polyester and
polyoclefin woven mesh, and porous membranes of
polyolefins, polycarbonates, poly-tetfafluoroethylene,

30 polyvinylidene dichloride, and mixed esters of
cellulose. ] '

An annular mounting post 188 extends downwardly
from the lower surface of disc 182 and is'centrally
located thereon. Annular mbunting post 188 is formed

35 with a flat 190 along the length thereof, flat 190
extending an arcuate distance of approximately 65°. As
will be understood from the description hereinafter,



Figf 60 is a bottomplan view of the closure cap of Fig. 59;

Fig. 61 is a top plan view of the closure cap of Fig. 59; 5 Fig.
. 62.isa cross-sectional view of the closure cap of Fig. 60, taken
along line 62-62 thereof; =~ . Fig. 63 [g a cross-sectional view of
the cl osure cap of Fig. 61, taken along™line 63-63 thereof;

Fig. 64 1s a POtt?ﬂhE'iPoVEﬁ@h%Lsatﬂﬁéiﬁ%@@ki%&.g@QLdS&a%E 4% gRLY" ed
powder dose di spenser o0 Flgu ; ] Ig. I's"a side el evationa
view of the desmadanstRSieaaryf vikth. respect to powderghogsing 20
cross-sectjonal vwﬁah%obherda_auesﬁgt 20, whakHehinehubed rééertv@dien RI@NY

| i ne 66-66 thereof; 67 is l,an VI%W of the continuous

15 Fi g. a_taqp. :
counter ring of tﬁg'nEFéFEH°&6wgéP9d3QeaHPsBgﬁgépgopo Y 12@;,41s rotated.

Fig. 68 is a bottom plan view of the continuous counter ring of Fig.
67; 20 Fig. 69 is a _cross-sectional vi.ew o he . _cQnti nuqus
counter ring of Fig. 6#? PgEEH%EPBnng%ﬁged dosggggéet&g#e&f;gn&tléTiy

Fig. 70 is a sideinl eldgnoeat with fruske-conicadnventurd comdudt 6idng of

oot oy or 1AE LBy’ xyathell BRRUARCHLr! oo Bl 20 o
only permitted to rotate 180° relative to metering dose

10 plate 180. During initial priming rotation, metered
dose hole 184 passes under. manifold 46 and
substéntially oval holes 96 and 98. As a result,
powder 62 falls within and is scraped into metered dose
hole 184. Specifically, the side walls defining

15 substantially oval holes 96 and 98 function to scrape
the powder 62 into metered dose hole 184. It will be
appreciated that, since oval holes 96 and 98 are spaced
.less than 180° from circular hole 94, metered dose hole
184 travels completely past oval holes 96 and 98 and

20 manifold 46. Then, during the return rotation back to
the initial position, metered dose hole 184 passes back
under manifold 46 and substantially oval holes 96 and
9g, into alignment with venturi conduit 64. During
this return travel, the side walls defining

25 .substantially oval holes 96 and 98 again function to
scrape the powder 62 into metered dose hole 184, thus
ensuring that metered dose hole 184 is completely and
accurately filled. Thus, the scraping action is

_ provided during both counterclockwise and clockwise

30 = rotation, that is, both during the 180° loading stage
and the reverse 180° movement to the inhalation stage.
When metered dpse hole 184 is aligned with venturi
conduit 64, it is then only necessary for the user to
inhale through venturi conduit 64, causing a draw and

35 suction through metered dose hole 184, wherein the
metered dose of powder 62 is drawn up through venturi
conduit 64 and delivered to the user.



Fig. 72%is a bottomplan view of the internittent counter ring of Fig.

71; 30 Fig. 73 is a cross-sectional view of the Intermttent
count er ring of Fig. 71, taken along line 73-73 thereof;

Fig. 74 is.a side elevational view of the intermttent counter ring of
Fig. 71; 35 Fig. 75 is a top plan veew of the paw assenbly of

t he netered powder dose di spenser of Fig. 1;

17 : Fi g. 76n|9rdebotpoprpWadevtew thiisheedatlives sotisition, of
Fig. 75; Is S d | gat ol ridih Mo

assenbly of Fi me$§glgg 865 pqﬁib ﬁ?g 350 %rgggﬁggﬁ?ginal V|em15? t he

paw assenbﬁ?doPOFF&r hsusgaaeaoauéngoﬁaﬁebmy RuRedm, a base
Fig. 79 is a croga®,sahowdNdh ¥igw.oB,t Reapaves-29. asaeeI2000find1Ghdesd.

taken al ong llhe c1rz%lgge%%%fwall 202 having an annular skirt 204
extending downwardly from the periphery thereof. The
peripheral edge of circular top wall 202 is cut-away to
define an outer annular ledge 206. An annular
supportiné lip 208 is formed on the outer surface of

10 annular skirt 204 at the lower end thereof, so as to
extend outwardly therefrom in the radial direction of
annular skirt .204. 1In addition, an annular retaining
rim 210 is formed on the outer surface of annular skirt
204, parallel to supporting lip 208 and spaced

15 ' thereabove, so as to extend outwafdly from annular
skirt 204 in the radial direction thereof. Retaining
rim 210 has a diameter less than thé_diameter of
supporting lip 208. Thus, an annular retaining gap 212
is formed between supporting lip 208 and retaining rim

20 210. Further, retaining rim 210 is cut away along a
very small arcuate distance to define a small slot 214

' therein, and also has a frusto-conical upper annular
surface.
A cylindrical boss 216 is formed centrally and

25 axially on the upper surface of circular top wall 202,
and a coaxial retaining post 218 of lesser diameter
than cylindrical boss 216 is formed at the upper end of
cylindrical boss 216. Accordingly, an outer annular
ledge 220 is formed at the upper edge of cylindrical

30 boss 216. Retaining post 218 has an outer diameter
slightly less than the inner diameter of annular
mounting post 188 of metering dose plate 180. Retaining
post 218 is formed with a flat 222 along the length
thereof, flat 222 extending an arcuate distance of

35 approximately 65°. Accordingly, due to flats 190 and
222, mounting post 188 of metering dose plate 180 is
retained on retaining post 218 in a non-rotatable
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Fig. 80°is a schematic view showing the 10 rel ati onshi p between the

. arcuate paw driving wall of .- the lower spring retainer, the continuous
counter ring, the intermttent counter ring and the paw assenbly in
the stored position; Fig. 81 is a schematic viewsimlar to Fig.
80 15 when the arcuate. paw driving wal | % been rotated 178[err]

toward the |nhalat|on 03|t|on I Cc view
simlar to Fig. WSMSF to enshre %%t’?ﬁ?’ﬁdy té‘g?"? pzlate 286" MYy 83 is a
top plan view ofrdxﬂaarbmmny i) réspeciotterpander i hensing 2de

mei ered powder v%dt%l %@:ﬁ{g %0 F'vﬂuc’lh 1nclﬁades égé&vgﬁ 'S &’y bot t om

pl an vi ew of the IS a
el evational vi ev?zof neseemaver atlyp 90 Hlyi dziving b°dY 1294. 1861'¢§at\e@+ de

el evational gview of tie hase & a courdtdr tﬁf@chanlsm wh1cl'f'ﬁ11§7bé5 a
cross-secti onal V|em10f t he base of gkﬁ P.en along |ine 87-87
rRingfh

t hereof; 30 desqgribedigin greatan cﬁﬁﬁ:ﬂ’a:h &% | dEFTEHri ng

r et ai-ner aCCOfdlmd&c&ﬂ%ﬂ‘WeﬁﬂdeSWn fadtentez 24 efs mounpeawden gose
di spenser of Fig, '

© spring ret aﬁ{é:rl]cﬁvﬁ'—ﬁ d“a‘g?fr BCQnLgu tg€°§i)"?$§i/;ﬂ£?§]; telhgv;?\iﬂﬁ;\al
view of the | on8pecifically, a curved vertical detent supporting wall
10 226 extends upwardly from circular top wall 202 at a
position substantially midway between annular ledge 206
" and cylindrical bosé 216, and first rotation prevention
spring detent 224 extends from one edge 228 of detent
suppo;ting wall 226, parallel to and spaced above
15 circular top wall 202. Further, the free end of first
rotation prevention spring detent 224 is provided with
a bevel 230 thereat which is oriented in the radial
direction of circular top wall 202.
Also as part of the counter mechanism which will
20 be described in greater detail hereinafter, a second
 rotation prevention spring detent 232 is mounted in a
cantilever manner on circular top wall 202.
Specifically, second rotation prevention spring detent
232 extends from edge 228 of detent supporting wall
25 226, parallel to and spaced above circular top wall 202
and ﬁarallel to and spaced above first rotation
prevention spring detent 224. The free end of second
rotation prevention spring detent 232 is provided with
a bevel 234 thereat which is oriented in the radial
30 direction of circular top wall 202. It is noted
particularly from Fig. 25 that the free end of detent
224 extends radially outward to a slightly greater
extent than the free end of detent 232.
A sectored recess 236 is formed in circular top.
35 wall 202 in correspondence with detents 224 and 232.
Specifically, recess 236 includes a first radial
boundary 238 in line with the free end of detent 232, a
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spring retainer of Fig. 88; : 18
Figh_91 IS a cross-sectional view of the | ower spring retai ner of Fig.
88, ‘taken along line 91-91 t her eof ; Fig. 92 is a
cross-sectional view of the lower 5  spri g retainer of Fig. 88, taken
along line 92-92 t her eof ; ig 93 is a top plan view of the

cont i nuous count er '

net ered powder ﬁ%§8n§ §ééﬂ §$Ba 9 %Qoagﬂtaﬁhe qggﬂl@g%tcgkngggftonlplan
vi ew of the conenduoﬂsdetentcaaﬂteandlagtbﬁrnlgouggary 242 conngckedos | s a
Cross- S¢Ct'°nalbég$§%9 ﬁhgelpneESQRagl goggdggqngghnah@gégfzﬁggan%324haken

along line I'S_a cross-sectional view
of the and extending in alignment w1th the lengthwise

5 direction of detent 232.

In order to spring bias metering dose plate 180
into engagement with the lower surface of thin circular
plate 92 of reservoir plug 90 and to ensure that powder
92 can only be inhaled when metered dose hole 184 is in

10 alignment with venturi conduit 64, a biasing assembly
is provided. '

The biasing assembly includes a lower spring
retainer 260 mounted on annular ledge 220, over
retaining post 218, as shown in Figs. 3, 4 and 30-34.

15 Specifically, lower spring retainer 260 includes a disc
262 having a central opening 264 sized to receive
retaining post 218. An annular boss 266 extends from
the lower surface of disc 262 in surrounding relation
to central opening 264. When retaining post 218

20 extends through annular boss 266 and central opening
264, the lower edge of annular boss 266 seats upon
annular ledge 220.

An upper annular retaining lip 268 extends
upwardly from the peripheral édge of disc 262.

25 Further, two radially extendiﬁg driven ears 270 and 272
are formed in diametrically 6pposite positions at the
peripheral edge of annular lip 268. Ear 270 has a
width substantially equal to the width of drive slot 34
of reservoir body 22 so as to fit therein and be driven

30 thereby, and ear 272 has a width substantially equal to
the width of drive slot 36 of reservoir body 22 so as
to fit therein and be driven thereby.

Further, an arcuate pawl driving wali 274 extends
from the lower surface of disc 262 between annular boss

35 266 and the periphery of disc 262, for an arcuate
distance of approximately 79°. Pawl driving wall 274
includes opposite pawl driving ends 276 and 278, as
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continuous counter ring of Fig. 93, taken along line 96- 96 t her eof;
Fig. 97 is a side elevational view of the conti nuous counter ring of
Fig.- 93; 20 Fig. 98 is a top plan view of the intermttent

counter ring according to another enbodinent of the nmet ered powder

dose di spenser of Fig. 1; Fig. 2 is a bottom plan view of the
intermttent ...counter r|n of, Fi

Ccross- sectlonaVLQQGReUFQHﬁ¥lb d ﬁqné%%ﬁYQQNﬁeE%h%t%$r?£ﬂﬁ%g?rﬁnghQS
taken al ong | i referencE)&ol @hd lmwatfer mechanismFig. 101 is a side

el evati onal view of he . intermtt nter. | 8; 30
Fig. 102 is a persp \R&%ﬁ%ﬁﬂ ﬁsﬁﬁﬂP§¥w€&§%hé§ lﬁé%@?géagcg? ?ng to

anot her enbodi sparti ngf 2ﬂﬂahaﬂanxbne endpoyertedoor thepepper sarfage 1:
Fig. 103 ig a (30 JAAldD ML BON dufler txﬂ(%sfé'?\;\%i/ner 2661 Eh& 102; - 35

Fig. 104 |s a side el evational view asSe Ig of Fig. 102;
and . restrained thereon by annular retaining 11p

As shown in Figs. 3, 4 and 35-37, the biasing
~ assembly further includes a support plate 300 which
supports metering dose plate 180, functions as an upper

10 spring retainer, biases metefing dose plate 180 against
the lower surface of thin circular plate 92 of
reservoir plug 90, and permits suction through metered
dose hole 184 only when metered dose:-hole 184 is in
alignment with venturi conduit 64.

15 Specifically, support plate 300 is formed by a
disc 302 having an annular retaining lip 304 extending
downwardly from the peripheral edge of disc 302.

Two radially extending driven ears 306 and 308 are
formed in diametrically opposite positions at the

20 peripheral edge of annular lip 304. Ear 306 has a
width substantially equal to the width of drive slot 34
of reservoir body 22 so as to fit therein and be driven
thereby, and ear 308 has a width substantially equal to
the width of drive slot 36 of reservoir body 22 so as

25 to fit therein and be driven thereby. The height of
ears 306 and 308 is less than the height of annular 1lip
304, and lower surfaces of ears 306 and 308 are
substantially flush with the lower edge of annular lip
304, although the invention is not so limited.

30 In addition, a central circular hole 310 is formed
in disc 302 and is sized to rotatably receive annular
mounting post 188 of metering dose plate 180 therein.

A radially extending slot 312 extends from and is in
communication with circular hole 310. Slot 312 extends

35 outwardly in the radial direction by a distance such
that the radially outer part of slot 312 overlaps

- .metered dose hole 184 when metered dose hole 184 is in



19 e Fig. 105 is a top plan view of -a pawl assenbly havi ng an
S-shaped spring according to another enbodi nent of the present

i nvention, in which the paw assenbly is assenbled with the base and
the counter 5 rings, but with the spring detents on the base omtted.
DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENES Referring to the
drawings in detail, and initially 10 to Figs. 1-4 thereof, a netered

powder dose di sparigmment with aeGtutin@dradiite qr.esad isvantiah i ncl udes a

PO, ano B trar Il Tl TSRy PloPREET SRS rdfn D2
Powder housi ng HAdsies hodepriissedtofald raiﬂmn/(ﬁigmé:s),dy 22, a reservoir
80,0 8002 911V LYo Ul IS JEIE s LGt o0,
a circular op W la neshagareem diddien, Q@musﬂmmﬁ%&t%agh@ Hvar dl y
fromthe periphgmid Hdd @finis¥ restrictive effect on gas flow
therethrough. However, when a mesh screen or the like
~ is used, there is a reduction in gas flow, and thereby
of any suction by the user, of approximately 35%. .
10 Accor@ing to an alternative embodiment, as shown in
Fig. 38, powder retainer 186 comprised of a mesh screen
or the like can be relocated to the lower surface of
disc 302 of support plate 300, under slot 312.
Therefore, although the mesh screen or the like reduces
15 the gas flow through radially extending slot 312, this
does not effectively resfrict the gas flow through
metered dose hole 184 which is smaller thén slot 312.
Thus, primary air flow is independent of the cross-
- sectional width of metering dose plate 180. Further,
20 there.is no mesh powder retainer 186 at metered dose
hole 184 to reduce air flow through metered dose hole
184. .
As shown in Fig. 39, which is an alternative
embodiment of the arréngement of Fig. 38, slot 312 in
25 support plate 300 is angled at opposite sides thereof
' in a downwardly diverging manner. With such |
arrangement, the air flow cross-sectional area at the
bottom of slot 312 can be made greater than four times
the air flow cross-sectional area of metered dose hole
30 184. _ | _
| It will be appreciated from the above description
that metering dose plate 180 is held stationary on base
200, due to flats i90-and 222. Further, powder housing
_ 20, comprised of reservoir body 22, reservoir plug 100
35 and driving body 120, is rotatably mounted with respect
to base 200 and metering dose plate 180.



wal I 24. Annul ar skirt 26 includes an upper annular skirt section 28
with its upper end extending downwardly fromthe periphery of circular
top-wal | 24, and a |l ower annular skirt section 30 extending 25
downwardly fromthe | ower end of upper annular skirt -section 28. Lower
annul ar skirt section 30 has an - I nner3&and outer. di aneter greater than
the i nner and outer dianeters, respectively, of upper annular skirt

section 28. AccordlngmyaddntnumersuppqtarpbhbgI366 s Boasefisipbpred at the
upper end of ¥@§é§€H3% gﬁ £he lowéfcéhQEaéQ og geterln Dgegetrically

opposi te, axial 6 are fornmed,i.n
annul ar skirt 2slatechso SO @ﬁtéﬂd$ﬂ@PP§F EhﬁlFF@FentlﬁlFEGHPBPEHFFSP'

angular 35 ex u ¢ = ontdu S
angular 35 - exigaiaghy %ﬁeaﬁaiﬁ?ef’?&bﬁ 326 isFen axagnientduien sl o

skirt 26, mﬁ||émﬁF?§§ds¢8§ shole %ﬂﬁmﬂn ¥ ¢ GhoQUALELeal' bk nole §BgNNUlAf

20 is in alignment with venturi conduit 64. Thus, any
powder 62 within metered dose hole 184 when metered
dose hole 184 is out of alignment with venturi conduit
64 is sandwiched in metered dose hole 184 by mesh

10 powder retainer 186 and the upper surface of disc 302
of supbort plate 300 at its lower end, and by the lower
surface of thin circular plate 92 of reservoir plug 90
at its upper end. As will be discussed in greater
detail hereinafter; in the stored or inactive position

15 of metered powder dose dispenser 10, metered dose hole
184 is primed, and is positioned diametrically opposite
to radially extending slot 312. In such position,
powder 62 within metered dose hole 184 is held between
thé'upper surface of disc 302 of support plate 300 and

20 the lower surface of thin circular plate 92 of

~reservoir plug 90, and therefore cannot escape metered
dose hole 184.
In order to positively hold all of the above
elements together, metered powder dose dispenser 10

25 further includes an adépter 320, as shown in Figs. 3, 4
and 40-45. As shown therein, adapter 320 includes a
lower annular wall 322 having an inner diameter larger
than the outer diémeter of lower anpular skirt section
30 of reservoir body 22 so as to easily fit thereover.

30 The inner diameter of lower annular wall 322 is also
slightly larger than the outer diameter of annular
skirt 204 of base 200 so as to fit thereover, but
slightly less than the outer diameter of annular
retaining rim 210 of base 200. Further, the inner,

35 lower edge of lower annular wall 322 is beveled at 323.

An annular groove 324 is formed at the lower end
of lower annular wall 322, slightly spaced ébovg the
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extend along a 40[err] arc circunferentially of annul ar skirt 26. O
course, the present invention is not limted to these particul ar

angl-es. Drive slots 34 and 36 are open at their | ower ends 38 and 40,

5 respectively, and extend upwardly entirely through | ower annul ar.
skirt portion 30 and partially through 35upper annul ar skirt portion 28.
Thus, drive slots 34 and 36 have cl osed upper ends which define
seating edlioved2edge theredf. AccobPdisiglyhodsiendo?Ehenaiesdddénce

arcuate manifol ge 4§ﬁer ﬁaEQEEE i8RekNeHRRCH AR #&E&C%z%ffg'wﬂéé¥tébpp val |

24, at a peri ositfon.offset fromthe center thereof
Mani fol d 46 |ncPUGEsbéﬁea?@Gaﬁédcﬁ&ﬁb@ﬂ gowpy thegeon, ret qﬁﬂ%ﬂﬂﬁ%ﬁ%ntlally

for an arcuate hsagbh 95s£5200pah ”&'h%bYaMﬁ[l%&f rlove 3&4p€tfd Mo

portion of uIa 0 n |ch ef|

sur roundi ng®cha 9298%ngg@5 éeilly ﬁ% r %iﬁﬁ%/%ﬁgls f or med

?gpa Ifre;4chaghaﬁngahh p@ttecmhEﬂlgnmenfxmemMeqmlqd&puﬂqxﬁaﬁnandrhnﬁﬁu
wa an 0 t r
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of wall porti onsrlsblalndrb@var ézﬁubsmgﬂ I3326 has jadai#dtdnl , but with the

i nner di mensi 0”%\1%%1:'&9&& 1‘@1 'equal ﬁ%orttlia%no';*.z AN IRRS ztlhlariri hsadener

di mensi ons of 2 | ower portion 50 a result, a shoulder 54 is

formed at Re | 8RO sen@softoFidr thexadd- \A@lﬂusporrtqtt?&mn of5adapter

320 causes base 200 to rotate therewith.

The outer surface of lower annular wall 322 is
preferably provided with a gripping surface 328 formed
by undulations, knurling or the like, to enhance the

15 gripping and rotation of metered powder dose dispenser
10. ' | ' .

An oval transparent plastic window 330 is provided
in lower annular wall 322, substantially diametrically
opposite to bridge 326, and'substantially centrally

20 along the height of lower annular wall 322 for use with
the counter mechanism which will be described in
" greater detail hereinafter.
Adaﬁter 320 further includes an upper annular wall
332 of a lesser diameter than lower annular wall 322,
25 and connected to the upper end of lower annular wall
322 by an annular frusto-conical connecting section
334. As will be apparent from the description
hereinafter with respect to the counter mechanism, a
dosage limiter tab 336 is formed above window 330 on
30 the inner surfaces of connecting section 334 and lower
annular wall 322. Dosage limiter tab 336 prevents
operation of metered powder dose dispenser 10 after a
prescribed number of doses, for example 200 doses, have
been dispensed; this is sometimes referred to herein as
35 a "lock-out" feature.
- An annular biasing lip 338 is formed on the inner
surface of upper annular wall 332. When adapter 320 is
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G rcul ar top wall 24 includes an opening 55 of the sanme shape and
di nensi ons as | ower chanber wall portion 30 50 of manifold 46 and in

alignment with the |ower end of lower chanber wall portion 50. The
upper end of mani fold 46, and particul3® |y upper chanber wal l
portion 52, is closed by a manifold top wall 56 which I's angl ed

downwar dl y frompushegkrtoam tsterasoftarkbalhiadager R0 antpdnsr) ZW at2€he

center thereof. i ; iold
top wall 52 at t ee’scc]:.elr{:%eedr ﬁdé’r%\gg ﬂ%&%w]iﬁp 358 [9édwdl o :EEEé

21 openi ng BWAWIAR W%cﬁ’o@%dﬁ&?ﬂé‘lﬁplv‘%}brﬁﬁn taRd thereky hen.
rﬁ\ﬁg%t isgﬁpl Xscfjnsl(eagéhse%gnémﬂ%ddy fad |dshm V%gdllzét pewéeleforde fOf coil
"powder " i n@ ud FRF LN FHH z&Fmié}ffag.p%cﬁ;Jn por ”f#tfa”e“éémpé‘é'é'sed
m cro- encapsul atsssl fhatder \bimsitey fmcpe Elwd s ﬁmmbe$lesupport kelated3@Pe
used i nterchangeﬁma/ %&&éﬁ@%ﬁﬁl’?rﬁ@terlng dose plate 180, and always
forces metering dose plate 180 into abutment with '
reservoir plug 90. However, such b;a51ng action still
10 permits rotation of reservoir body 22 relative to
| adapter 320 and metering dose plate 180.

At the same time, this compression ensures that
driven ears 270 and 306 will always be located within
drive slot 34 and driven ears 272 and 308 will always

15 be located within drive slot 36, so that rotation of
reservoir body 22 will cause consequent rotation of
lower spring retainer 260 and support plate 300.
Because metering dose plate 180 is held stationary on -
base 200, due to flats 190 and 222, powder housing 20

20 (comprised of reservoir body 22, reservoir plug 100 and
driving body 120), lower spring retainer 260'and
support plate 300, are rotatably mounted with respect
to base 200, metering dose plate 180 and adapter 320.

In the assembled condition discussed above, the

25 lower edge of lower annular skirt section 128 of
driving body 120 rests ahd rotates on the upper edge of
upper annular wall 332 of adapter 320. 1In order to
provide air flow through metered dose hole 184 of
metering dose plate 180, two dlametrlcally opposite

30 recesses 340 and 342 are formed in upper annular wall
332, extending from the upper edge of upper annular
wall to.annular biasing lip 338. Recess 340 has a
width identical to the width of drive slot 34, while
recess 342 has a width identical to the width of drive

35 . slot 36. When metered dose hole 184 is aligned with
venturi conduit 64 of reservoir body 22 and with
radially extending slot 312 of support plate 300,



. herein.- A frusto-conical inhalation venturi conduit 64 is 10 also
formed on circular top wall 24 substantially parallel to powder supply
conduit -60 and axially offset fromthe central axis of circular top
wal | 24. The center axis of powder supply conduit 60 and the center
axis of venturi conduit 64 lie on a circles3trfaving a 15 center coincident
with the center of circular top wall 24, so as to be positioned at a
ggrlpherah gzr;t&me&h 340 disr dirl @litgpmendt] with drhicveatatt Ikandf conduits
and € i d .apart _als 4Ll angl e of
approxi matel y 1%?2’%5%06‘&% i¥ |5leca| %@f%@ﬂftﬁﬂ%n uﬁ] 3664' IS ?or med - by
a . lover vedomordisgdy susttiiam a3 wentuni ganduifefdrgauses abnduit
section 68 axi ah:l"y A8 i ddbs S0 and ar BEIGTE i 36 iawer di amet er
froma |l ower end thereof to an upper, end t hereof. The upper. end of
upper ventu® 28bhroyglydiqcesst 34m 14 ope B 1o P G AR vtethé)%r?hrc%‘h%i t
section 68 has aagiRlllg dlitutriialg tdlot |IveE; nvetrdred dose holeludlds4 saedion

060 L1 2 | Y e 0% By ey ohd IR AGFs gt oo o

fu(rjt h](carI 30 openpowsier? 6¥ irhanetered igse dmileli Hehsittmsa asencof | ower
end of |ower ve ig']ﬁﬁgf id section 66 and in al i gnnent therewth.
A peri pheral secdif%b ma.rid%4'extends general ly about a,circular arc

on a peri phléral porﬂW@ﬁQﬁthe lower edge of lower annular skirt section
128 of driving bédy 120 rests and rotates on the upper
edge of upper annular wall 332 of adapter 320, rotation
limiting tab 162, and rounded nub 163 thereof, ride
along the upper surface of annular biasing lip 338. 1In
15 this regard, two stops 344 and 346 are formed on the
upper surface of annular biasing lip 338 such that
opposite ends of rotation limiting tab 162 abut
‘thereagainst durihg rotation of driving body 120
relative to adapter 320, in order to limit rotation of
20 powder housing 20 to a clockwise and counterclockwise
rotation of 180°. _
In order to prevent accidental rotation of driving
body 120 relative to adapter 320, two detents 348 and
350 of a small height are provided_on'the upper surface
25 of annular biasing lip 338, slightly spaced from stops
344 and 346, respectively. Accordingly, during
rotation of driving body 120 relative to adapter 320,
rounded nub 163 at the lower end of rotation limiting
tab 162 is caused to ride over detents 348 and 350 due
30 to resiliénbe of the plastic parts. Rotation limiting
' tab 162 is thereby releasably held between stop 344 and
detent 348, or releasably held between stop 346 and
detent 350. '
Lastly, a double helical thread 352 is formed on
35 the outer surface of upper annular wall 332, the '
purpose for which will become apparent from the
description which follows. '



35 circul ar top wall 24, in surrounding relation to | ower ~ chanber

wal | portion 50 and Iomer venturi conduit - section 66. A gap 76 is
prOV|ded in securing wall 74 . 22

at a position opposite conduits 60 and 64, and two paral |l el, spaced
apart, radially extending tabs 78 ext eB8 inwardly from opposite ends of
securing wall 74 at gap 76. Further, a radlally extending annular |ip
5 80 extends outwar dE{ PFSﬁFtﬁé eppureckhads thec povegr is @av 74.

As will be undeagt;md\e&a%ut hAaddpee e&tlyomxed kard Ade Suctilor %ﬂecessary
that the |lower gurfa

t 24 .
possi bl e, that §?m1%gewppﬁnv8%92%gﬁ%§n gppﬁﬁg Fﬂggﬁas nggﬂgb this is
difficult to acbeetdonhés mﬁldengurésebndmutbﬁdy W sadrl nozzksrtﬂ&aiéece
Therefore, §o 0)5‘8{1&%9 R £hd" ABLEY efla of reRIVEIY HidP 2 | sl ovi ded,

as shown in Figs
which contains agglomerated powder particles flows from

upper venturi conduit section 68 into the sw1r1_nozzle.
Mechanical de-agglomeration is an important function of
the swirl nozzle. . '
io Swirl nozzle 380 includes a circular top wall 382
and an annular side wall 384 extending downwardly from
the pefiphery of top wall 382. Annular side wall 384
has an outer diameter substantially.equal to the outer
diameter of upper annular skirt section 126 of driving
15 body 120. Further, the inner connecting region 386
' between circular top wall 382 and annular side wall 384
is curved to provide a smooth tran31tlon therebetween
.and thereby to provide a smooth flow path for powder
- 62. In other words, the inner area defined by circular
20 top wall 382, annular side wall 384 and inner
connecting region 386 has a somewhat partial toroidal
configuration. The outer connecting region 390
therebetween, however, forms a substantially right
angle in cross-section between circular top wall 382
25 and anriular side wall 384.

In order to secure swirl nozzle 380 onto the upper
end of driving body 120, and particularly, onto annular
retaining ledge 159 of driving body 120, three recessed
sections 392, 394 and 396 are formed on the inner

30 sufface of annular side wall 384. Recessed. sections
' 392, 394 and. 396 extend arcuate distances which are
different from each other and which correspond
identically with the arcuate distances of'upper
securing walls 154, 156 and 158 of driving body 120.
35 Further, recessed sections 392, 394 and 396 are spaced
apart in an identical manner to upper securing walls
. 154, 156 and 158 of driving body 120.



and 9-18. 15 Specifically, reservoir plug 90 includes a thin

circular plate 92 which can be nol ded, because of the t hi nness of
plate 92, to have a very snooth | ower surface with no undul ations.. The
outer dianeter of circular plate 92 i89ubstantially equal to the
i nner 20 diameter of upper annular skirt portion 28 so that, reservoir

plug 90 can be fit tKach xecessebwedtion §92, 394 and, QR ANGHAGS Fh, the
| ower surface ofoyiehCalr@uate cutl-Bkyarld aud wat iadidnad upvdranat i ng

edges 42 and - 44 of drjive slots 34 a 36. 25 . ' r.plate 92
has a circular RiPBIEhe, My surfaq&ﬁg{i AT, sidg %ﬁ%%aﬁ#‘g
second subst ant itile )Zlowler gt theredR, -AHus)aweach cstt-aaway axeali 32€ al ong
an ~ imaginaty circ cent.er t YL A
circular pldg c (fuiat ng&} ﬁ:rsiufcﬁ"%e% olné%w u_prget?r%oﬂﬁsa? acken% scﬁ’frcul ar -
plate 92 in sureoudiam sideatwadil t384 at posidions Itside otwereessado is

open at its UpPleAibns 393 OVEs &I ¥, NAad redédden weckion 39, a
hei ght subst ant | arﬁ

. equal to the inside dianeter and hei ght
respectively, of9%wd &rqr%ﬂuﬁﬂc%ﬁ AP SPREN %Ecuag"ﬁ ‘%F@‘il"d%
gga”$her eaﬁal14bd'rbﬂmﬁafbyfﬁﬁﬁﬁiﬁ§ @fay an amgerofesdchirecessed section
(OB, Thus, MIEN ISR 302, 394 Whd 346 1ahedistet  dbovePasE-20RY! AT

' area 398. - In other words, each arcuate groove 400 is
formed so that the wall thickness of annular side wall
384 thereat is less than the wall thickness of cut-away
area 398. ' _

15 It will therefore be appreciated‘that swirl nozzle
380 is snap ‘fit onto driving body 120. Specifically,
recessed sections 392, 394 and 396 are aligned with
upper securing walls 154, 156 and 158 of driving body
120. When a downward axial force is applied to swirl

20 nozzle 380, and due to the resilience of the plastic
elements, radially extending ribs 160 of upper securing
walls 154, 156 and 158 ride over cut-away areas 398 and
into arcuate grooves 400, so as to retain swirl nozzle
380 on driving body 120. It will be appreciated that,

25 in such position, first and second outer air passages

' 150 and 152 extend inwardly of annular side wall 384 to
supply secondary air flow thereto which mixes with the
air/powder mixture from venﬁuri conduit 64 which is
also supplied to the interior of annular side wall 384.

30 * Circular top wall 384 has a central'opening 402,
and a supply chimney 404 is formed on the upper surface
of circular top wall 384 in surrounding relation to
central opening 402. |

In order to break up the powder agglomerates,

35 prior to supplying the same through supply chimney 404,
a curved spiral-like wall 406 extends downwardly from
circular top wall 382 and is connected at one end 408
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'2§ - ~28, plug conduit 100 fits snugly within [ower venturi condui t
section 66 and the inner surface of plug conduit 100 fornms a snooth
cont+d nuati on of the inner surface of upper venturi conduit section 68.
In such 5 condition, the upper edge of plug conduit 100 abuts agai nst
~annul ar shoul der 70 so that no gap is fornmao bet ween plug conduit 100
and upper venturi conduit _section 68. An arcuate plug conduit
102 is formed otot hanulper side sallad@4of Epesuifdicadilat.e drved Nakloundi ng

relation 1o 40 Bxtile G0 Yl HtAniddl ikl dieheerth A8, Sha

Pl lug condui t 105 has e sane ower, chanber wal | portion, 50 of
mani fol d 46. Pl pgr&daddit akemt sentrajpapening 494 ke ahPRRARI SR RRD and

e e o e R0 SR, Gy st shdtiadniind ottias
i nsi de shap® an¥h@ ﬂ%mia&%sereaﬁava“éra'ed. w Vﬁe ﬁdg‘i dg@%éb%l%% %%ﬁ%‘%g’ of
upper chanber waldll 406 dis iegudi? tartthat hef grinelaniside twal hel §htsof
lover 20 chamber, wallh, DY LIQD Sfye of CurviE WAL L@ itk Wh Bircular
top wall 122 of driving body 120 when swirl nozzle 380
is assembled with driving body 120, as described above.
10 Curve wall 406 is effectively formed in two sections,
namelf, a first section 406a extending partially about
central opening 402, for example, for 165°, and a
second section 406b extending from one end of first
section 406a to the inner surface of annular side wall
15 384 along a larger radius than first section 406a.
With respect to the direction of the radius to the
center of venturi conduit 64, second section 406b
preferably leaves or disengages from central opening
402 at an angle of approximately 15° parallel to such
20 radius line, regardless of the size of swirl nozzle
380. , | ‘ |
. As will be appreciated, curved wall 406 defines a
swirl cavity 412, such that the powder from venturi
conduit 64_énters swirl cavity 412 and continuously
25 changes direction as it increases in velocity, prior to
entering supply chimney 404. Thus, the powder
agglomerates constantly impact against circular top
wall 382, annular side wall 384 and curved wall 406
within swirl cavity 412. Further, the agglomerates
30 collide with each other which results in a mutual
grinding or shattering action between the agglomerates.
At the same time, secondary air flow from first and
second outer air passages 150 and 152 enters swirl
chamber 412, as indicated by arrows 414 and 416,
35 respectively, to accelerate movement of the powder
agglomerates in swirl cavity 412. The constant impacts
of the powder agglomerates on the walls defining swirl
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is inserted within upper annular skirt section 28, plug - conduit 102

fits snugly within | ower chanber wall portion 50 and the inner surface
of plug conduit 102 forms a snmooth continuation of the inner surface
of 25 upper chanber wall portion 52. 1In gy4ych condition, the upper
edge of plug conduit 102 abuts agai nst shoul der 54 so that no gap is
formed between pRlavdt302dY icalid@ the %lldﬂlﬁ:rats‘dkﬂr’d&fbﬁﬁl&'mriﬂm 52.

Al t hough the outer surfaces of | ug conduits 10 102 e di scussed
above as bei ng JEEARized Rovdey, upon IMRACh. o Jt %’uc%saij R ¥irfaces

Zgn Ee f or med withe powddn eygibherateshduravel Righ siffiicient 13.
ot 12, SSerpeshbintb bt M0 pipec Sty v 1o
periphery ofs braahwnpeﬂhq(qggmpmezggps.

24 Annul ar giiverl 24-d tHd M 495 R p PRI 1 19 i Rér 819 Melical
path along the axial direction of a nozzle, as in the
prior art, curved wall 406 and, particularly, swirl
cavity 412, first changes the direction of powder 62

10 from an axial direction of venturi conduit 64 to a

| transverse direction substantially perpendicular to the
axial direction. In . this transverse direction, powder
62 is then forced to continuously change direction in
the transverse direction of swirl cavity 412. Upon

15 exiting swirl cavity 412, tﬁe direction of powder 62 is

"again changed to an axial direction through supply

chimney 404, while retaining a swirl component of the
flow, that is, while swirling spirally through chimney
404. Since the micronized powder and any reﬁaining

20 agglomerates maintain the swirl imparted thereto from
swirl cavity 412, the swirling flow applies a
centrifugal force to the micronized powder and
remaining agglomerates, creating additional impacts in
supply chimney 404 so as to result in further breaking

25 up of the remaining agglomerates.

Most of the agglomerate,break-up should take
place, however, in swirl cavity 412. The velocity
attained by an agglomerate depends on the drag or
suction force, the inertia of the agglomerate, and the

30 length of swirl cavity 412, that is, the time the drag
force acts on the agglomérate. Because of its inertia,
the agglomerate impacts a wall in swirl cavity 412 to
convert the same to micronized powder.

In addition to breaking up agglomerates, swirl

35 nozzle 380 must meet additional constraints. For
example, the pressure drop through the powder inhaler
should desirably be lower than about 20 inches of a
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section 126 with its upper end extendi ng downwardly fromthe perrphery
of circular top wall 122, and a | ower annul ar skirt .section 128
extendi ng downwardly 5 fromthe |ower end of upper annul ar skirt section
126. ‘Lower annul ar skirt section 128 has an inner and outer

di anmeter greater than the inner and outer daneters, respectrvely, of
upper annul ar skirt - section 126. Accordi ngly, an inner annul ar shoul der
130 is formed awater wdedummels &g dorumase Afhise BKiRITSRS %ith 26,

al ong the insidg. 2 Wlﬂspﬁ.‘?ittoxﬁze‘fumr ydth&sufficiBhEly hidraceo of

the transition ar et ween-"upper annular skrrt section 126 apd | ower

annul ar skirt perneéctsmlfzs:arst IRy v @i 1y Lhaohehy netrrede 132.
15 Furt hglosd %1&&@4 di 6!‘&3 %fréﬁsdﬁ\ﬂirdﬁlmﬁﬁuqlklsw:rrl nozzbéi on

128 is substantrally th out er, ul ar
skirt sectioh 2 nge rllyo %%aﬂﬁear? er %ew gﬁ 0 &]upper
annul ar skirt 410 &m:tﬁmtlziacmcnubmmtoiald:qrvm wahe ‘h%Gtwedo@n%r 20

di anet er of per %Olr,gw%ggvgé J”e@ioﬁeé@éé’oéﬁd coﬁ’@d&’egglon

Accordi ngly, driving mnth a ¢l ose
fit until the r &6k |9f OurVQdeﬁkﬂrﬁPQuﬂﬁﬁ%u ¢h§F8Usofw%%¥?pﬁ% FaMdsecuring

wal |74 abW o120 NEG 6 Bl Ps SEEREFILT iﬁ@ 402, aslshewseinto |ock
reservoir body 22 and driving body 120 n.such posrtron two
axially spad Fig. dbbrt, I‘&r?‘&ﬁﬁ%?‘e Y ¥ %‘g't' CAINENY 042 1T 136 are

formed parallel d&w@mp&ﬂlmaﬂm&aVahh@wadyrchange depend:.ng
' upon the required pressure drop.
Further, an annular mouthpiece securlng wall 418
is formed on the upper surface of circular top wall
15 382, spaced slightly inwardly from the peripheral edge
thereof. As a result, an annular ledge 420 is formed
on the upper surface of circular top wall 382,
oufwardly of annular mouthpiece securing wall 418.
Further, an annular lip'422'extends outwardly in the
20 radial direction from the upper end of annular
 mouthpiece securing wall 418.
A mouthpiece 440, as shown in Figs.'3, 4 and 51-
55,_is secured to the upper end of swirl nozzle 380.
Mouthpiece 440 includes a generally rectangular top
25 wall 442 with an annular side wall 444 depending
downwardly from the periphery of top wall 442. Because
top wall 442 has a generally rectangular configuration
and because of the annular configuration of side wall
444, upper portions at opposite sides 446 and 448 of
30 side wall 444 corresponding to the lengthwise sides of °
top wall 442 slope upwardly in a diverging manner
toward each other. The lips of a user of the device
are placed on sides 446 and 448 during inhalation. Of
course, since the user’s mouth is placed over
35 mouthpiece, the various edges thereof are rounded.
An opening 450 is centrally formed in top wall
442, the upper part of which has a frusto-conical shape
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130, on-the inner surface aof upper skirt section 126, 30 to define an

annul ar hol ding area 138 therebetween. - Thus, when reservoir body 22 is
inserted within driving body 120 in the manner described above, lip 80
at the upper end of peripheral securiag wall 74, due to the

resilience of the plastic pieces, rides along the i nner 35 surface of
upper skirt porananthas 1aﬂdaxowrtl ofewhiidh has al3frcuihn shapel B8 ween

ribs 134 and 136,w t hi.n uI 3 | d

25 Fuf lhﬁ@' " Mo Féﬁ?tjr pe?’%orl egi ad[l on]{)18 conneCtmgr e%%k??/oi r

bogy 22 and dri ‘4|5rzg ilso EproEa aﬂ:\/\/d'-l@palmr surfane ofadap IWakkiRii 1y,

radially orient | '- I d G¢hdrand face
ardqy%t Segﬁéﬁﬁﬁa#ﬁpqﬁi)ﬂﬂ'\ﬁéﬁf Qldﬁkﬁlé&é

of upper 5 annu on 126 s 140 are spaced apar.t by a
di stance sulSst afdiCalisy seakad n ¥l narze g4P- °°“i’% pt ybe (4R2 y
assenbl ed condi treRie iSfed A \Wige&HA of stippliyd chimiey 4mtlyofl Myirl bs 140

fit wwth close
nozzle 380 therein.
" In order to secure mouthpiece 440 to swirl nozzle

380, the lower end of side wall 444 has a circular or

10 annular shape. At the inner surface of this lower end
of side wall 444, there is formed an annular V-shaped
projection 454 which extends inwardly in the radial
direction. When mouthpiece 440 is positioned on swirl
nozzle 380 and pressed down thereon, annular lip 422 of

15 swirl nozzle 380, due to resilience of the plastic
pieces, rides over V-shaped projection'454, so that V-
shaped projection 454 retains annular 1lip 422, and
thereby mouthpiece 440, on swirl nozzle 380. In such
position, the lower edge of side wall 444 sits on-

20 annular ledge 420 of swirl nozzle 380.

An alternative embodiment of nozzle 380 and
mouthpiece 440 is shown in the combination mouthpiece
nozzle 480 shown in Figs. 56-58. Specifically,
mouthpiece nozzle 480 includes an upper section 482

25 having a similar outer shape and dimensions to those of
mouthpiece 440. In this regard, upper section 482 of
mouthpiece 480 includes a generally rectangular top
wall 484 with a cylindrical side wall 486 depending
downwardly from the periphery of top wall 484. Because

30 top wall 484 has a generally rectangular configuration
and because of the annular configuration of side wall
486, opposite sides 488 and 490 of side wall 486
corresponding to the lengthwise sides of top wall 484

- slope ﬁpwardly in a diverging manner toward each other.

35 The lips of a user of the device are placed on sides

488 and 490 during inhalation. Of course, since the
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tol erance between tabs 78 of reservoir body 22, that 10 I's, wthin gap

76. . . Crcular top wall 122 is formed with a circular openi ng
142 -which is aligned with and receives frusto- coni cal venturi conduit
64 so that the upper edge of frusto-conjcal venturi conduit 64 is

substantially 15 flush with the upper surfBice of circul ar top wal | 122.

A circular plug conduit 1 depe down oy surface
of circular topYRf4 slﬁtgtﬁh “g rfjace %gutt%p %%I \/\ger SUppTy
conduit 60. A r aiigdd ythereoféﬁmcprgferabmarmws out wardly fromthe

| ower end 20  of pltc)é#ﬁé#gé?ﬁé%&ém@ 56 eﬂgfrlgéfa@égra lower.

substantially equal greater an t he I-nsi de dLanEter of

powder supply ccﬁﬁﬂﬁ-‘torﬁo‘i”ﬂﬁ@me at sfhe %‘6‘1’1%&“‘149;0?38‘% $8Et4PPer open

end of powdey 482 Sum&weﬁ%wtioﬁ%y@eihém@éyoarrbﬂdi{niﬁglgraeeerrbbed 25
With dr|V|ng bog%xlzo Ther ef or e, omde{?62 can escape through

mani fol d 46, g sthe pipner s FaANtREX Y ov3£1%8|§§r§ Sggame
Further, a CUquﬂnfﬁdQé ragoupper déusteé egrisove 40doefivawilty hozmlehe | ower

surface of C|rct#§g tqﬁﬁma+%ﬁﬁﬁ§%¥%22 éurt £t£ﬁ£ EE&??EQQEHgoEekﬁE'O” to

circul ar openin separa wder
suppl y conduit awlasmu¢re¢emnnba;caﬁdvehlnrextend&ng Bibs 15°mﬁ§nuP§§§rv0|r

body 22 and, gri vd %F¥ fﬂy é%?lérf54, 158S8RAV1 68 oBOdriving bBagr 420 hee

provi de for secon
1nserted within retaining groove 494, so as to retain

mouthpiece nozzle 480 on driving body 120. i
A swirl cavity 496 is formed inside of mouthpiece

nozzle 480 at a position above retéining groove 494.

15 The interior surface contour of swirl cavity 496
resembles the shape of an inverted tornado, as shown in
Fig. 58. Specifically, the interjior surface contour is
a continuously changing circle, the radius of which
changes exponentially by depth from a.lower outer

20 circle of radius c, + ¢, to an upper circle of radius c,.
The origin of the continuously changing circle is |
denoted by designators a and b which correspond to the
x and y coordinates. This origin (a,b) itself moves in
a circle which changes with depth. Therefore, not only

25 - does the radius change with depth, but also, the origin
of the circle also changes with depth.

The equation for the interior surface contour is '
as follows:
(x-a)? + (y=b)? = ¢, + ¢ * e*
30 where a = a, * sine (a, * ) and
b= b, * cosine (b, * 7).

The exponential coefficient k defines the geometry of
the tornado spiral, and for an upper radiﬁs of
approximately 6.35 mm (% inch) and a lower radius of

35 approximately 25.4 mm (oné'inch), a value of k equal to
13 was found to operate satisfactorily.



wi || be.described hereinafter, the wall. defining upper annul ar skirt.
section 126 ‘extends inwardly in the

26 - radial direction to forma first outer air passage 150 - adj acent
to circular opening 142 in the circunferential . direction of driving
body 120 and a second outer air passaga5152 arcuately spaced

approxi mately 100[err] from5 first air passage 150. Axi ally

ext endi ng upper securithawdEl ke ldpprediated thak 18 a@?@remdahi@mgla

common circular,ar h e I

top wall 122 \ﬁara## 0 set%hér eg%?én%zizjl%é{&%wyw n u%Og lg% Cglggg o
will be describeids ixt ¢r Eﬁt%rrdsﬂl#lte Heris ridie aradius Og f?b’é‘l’i? upper
securing wal | 154,d Saddf¢Fshal ?ﬁhéWﬁ@“ﬁé@i'dfbaié\/e%rﬁadopassages 150

and 152; upper securlng wa Is Tormed circunferenti al
 between sechd ®guation %M&@Wﬁl%%@i?enﬁﬁﬁ °énﬁhﬁpper
securing wal | ]fﬁitéié(”wﬁihe the additional terms at the right take

into account the changing height or depth of the
circle. Thus, for the initial height of z = 0 at the
lower, larger radius end of the interior surface
10 ,contour, et equals 1, so that the right side of the
equation reduces to c, + ¢;, which is the radius at the
bottom of the interior surface contour. On the other
‘hand, at the top, it is assumed that z = «, whereby
c, * e = 0, so that the radius at the upper end of the
15 -interior surface contour is equal to c,.

With this arrangement, the outlet of venturi
conduit 64 directly discharges into the tornado swirl
cavity 496. During travel therethrough, the
agglomerates impact against the walls defining the

20 interior surface contour of swirl cavity 496, thereby
breaking up the agglomerates into micronized powder.
It will be appreciated by those having skill in
the art that the mouthpieces can readily be altered to
permit nasal delivery of the medicaments, without
25 changing the internal configuration and dimensions of
the swirl nozzles. Only the exterior size and shape of
the mouthpiece will require modification for nasal
delivery. ,
Referring now to Figs. 59-63, a closure cap 520 of
30 metered powder dose dispenser 10 is provided as a
closure for mouthplece 440, and at the same time,
functions to prime metered powder dose dlspenser 10 for
use. Specifically, closure cap 520 includes an upper
elongated annular covering wall 522 which is closed at
35 its upper end by a generally circular top wall 524. A
lower annular securing skirt 526 of a larger. diameter
than annular covering wall 522, is secured to the lower



circunferentially between first outer air passage 152 and plug conduit

144 and in outer surrounding relation to circul ar opening 142. A
radiral |y extending rib 160 extends outwardly fromthe upper end of each
upper 20 securing wall 154, 156 and 158. @ The comon circul ar arc

al ong whi ch upper securing walls 154, 156 &% 158 . extend is spaced

slightly fromthe peripheral e- of top.wall 122 so as to
define an annul (.gncfo £ annuiag rT%Ye&deg f@ﬁ{)rﬁ% atctfﬁ%‘? 9R B Fruhes ﬁ.

pozl t : oged out wanAlistofcdtiinell smtidctpomeB1s. 19Phe 1E@wer endinoif 1618nmhar he
radi a I rection AT tion limti ‘hggfl Ss ged in
downwar dl y depeﬁﬂQﬂfﬁQ§zﬁ*%ﬁif é; 4%ﬁ%r (¥$é }éé%r annul ar
skirt section 12i§,amdteemmﬁ)ohmémramulﬁr :ﬁpcw 1119 bekippa$2hti$rom t he

descri pti on d1er Gildly 1argelR¥idh Whd | SitdPuidhedé snohpges 2 rounded

the % dhanetrlcally
opposi te drivi n@nnulay é'&e%]séﬁ%@lf aﬁfiﬁﬂ%r a?%of%?n%% ¥‘H thethereoyer -
skirt 35 ‘section 128, d!‘dé}: d VédEuFr & CEE6sifd E€p Ng20 nonto metered '

circunferential 5%%&% ose f]ﬁgﬂgg%aioOpeﬂénga%égcularly, in covering

relation to mouthpiece 440, a double helical thread 530

10 is formed on the inner surface of lower annular
securing skirt 526. Thus, when closure cap 520 is
inserted over'powder housing 20, swirl nozzle 380 and
mouthpiece 440, helical thread 530 of closure cap 520
threadedly engages with double helical thread 352 of

15 adapter 320, until the lower edge of lower annular
securing skirt 526 seats on the annular frusto-conical
connecting section 334 of adapter 320. It will be
appreciated that the outer diameter of lower annular
securing skirt 526 is substantially identical with the

20 outer diameter of lower annﬁlar wall 322 of adapter 320
to provide a relative smooth, continuous appearance.
In order to aid in the removal and closing of closure
cap 520, the outer surface of lower annular securing
skirt 526 is formed with a gripping surface 532 formed

25 by undulations, knurling or'the'like, to enhance the
gripping and rotating of closure cap 520.

As ‘discussed above, closure cap 520 also serves to
pfime metered powder dose dispenser 10 for use.
Specifically, a first pair of parallel, axially

30 extending, spaced apart priming ribs 534 are formed on
the inner surface of closure cap 520, extending a small
'distance down from frusto-conical connector 528 onto
lower annular securing skirt 526. A second pair of
parallel, axially extending, spaced apart priming ribs

35 536 are also formed on the inner surface of closure cap
520, extending a small distance down from frusto-
conical connector 528 onto lower annular securing skirt
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27 s As will be described hereinafter, driving recesses 164 and 166
are engaged to rotate driving body 120. In order to provide
netered doses of powder 62 from powder supply conduit 60 to venturi
conduit 64, a 5 netering dose plate 180 is positioned wthin upper

annul ar skirt section 28 of reservoir body472, I medi atel y bel ow

reservoir plug 90. Specifically, net ering dose plate 180 jncl udes a
thin disc 182 h&®éngin d@ﬂ@%&%@ﬁaﬂ?ﬂ?&%ﬁﬁéﬁ%ﬁé’ ARG &

Itoﬁ;i p.ihgr yf 30 ht lfsg_ra‘qm T ?i.ifng_ iqulfsf mﬁdaﬁimgzs [fvcach queeit ante,

' r holding a nmeter 0S owder, Q2. t
Lhe. et er ed dosERAEAhARRTY iime dustaqenninriaie T 5 8E 0ol
(rj_et ai Qgrz 186 iswidtH (uﬁlmli'iivin'g)\mdes;;esalmli @&nad oléGe respectivelye of 15

I SC , exten .at \Ler | . 1 wd
18? i S%&%@’l@ g)?,:ad}‘ r%%s(ﬁ A E 10 'lﬁlé'l%dﬁil-rt'fo vhéll &bty cgonder

retainer _ i S _ screen, er orous nmaterial or
the |ike which 520 ds positiisned anstis}ightly dihzeades opko radppter

therethrough, 3¢ Whithe GHHRMERId L 2RI R | DSBt {1 PENECE@ThGO
medi canent bel ow the | ower surface of disc 182 ﬁgwﬂ% . retaliner 186
can be fabri cat @PeHafkony RIARING Fibs 53fhaRq F36 eijudphﬁo EFreF ot s,

polynmerics, netaleds and 16&sanm cs, gl asses or conposites thereof, exenplary

10 _ When closure cap 520 is removed from metered
poWdef dose dispenser 10, metered dose hole 184 is in
alignment with venturi conduit 64, ready for inhalation
by the user. When closure cap 520 is threaded back
onto adapter 320, priming ribs 534 and 536 fall into

15 driving recesses 164 and 166 of driving body 120.

| Thus, closing rotation of closure cap 520 causes the
same rotation of driving body 120, and thereby of
venturi_conduit 64 relative to metered dose hole 184,
to the stored position, 180° out of alignment. As

20 discussed above, during this travel, powder 62 is
scraped into metered dose hole 184, so that metered
powder dose dispenser 10 is primed.

When the user is ready to use metered powder dose
dispenser 10, closure cap 520 is unscrewed from adapter

25 320. During such moveﬁent, priming ribs 534 and 536,
which are engaged with driving recesses 164 and 166 of
driving body 120, cause opposite rotation of driving '
body 120, and thereby of venturi conduit 64 relative to
metered dose hole 184, to a position in alignment.

30 Thus, as soon as closure cap 520 is removed, metered
dose hole 184, which is filled with powder 62, is in
alignment with venturi conduit 64, and ready for
inhalation. There is thus no. need to.provide any
additional priming and set-up operation after closure

35 cap 520 is removed. Of course,'dispenser 10 couid be
operated with cap 520 removed by rotating powder
housing 20 back and forth relative to adapter 320.



useful saterials including sintered porous plastics, 25 porous pol yner

menbranes, natural or synthetic woven fabrics, nonwoven synthetic
fabrics and the |ike. Mre specifically, useful materials include
pol yester and pol yol efi n woven nmesh, gmgd porous nenbranes of

pol yol efins, polycarbonates, poly-tetrafluoroethylene,. 30 polyvinylidene
dichloride, and m xegg&HhS, Ylosure @Rl W2t&ncludes thre annul ar

nount i ng post 188 extends downwar dl _ fromt o) r f disc
182 and is cent teaqﬁn9“13413c§t@?%@rm“%ﬂﬂﬁ EB%%% Jp%?ﬁ'{% is
formed .35 with jarfdrisukf¥acd @R ddverimgiwalhéadf spacad l@nall

ext endi ng an arcuate di stance ,of r-oxijyately 65[err]. As w il be
under st ood from%tiﬁé:a(%:sec r&n} (ﬁ?%gfa[ehilnﬁ%%r, !
28 fl& 190 endleo geratteat memvwsdtemnp2iagainst aabityre | remain

\SA}]?‘“OF‘aW Wthé&&%‘?ﬁ%éx@i:ﬁ?‘“@héﬂ&&ﬁ: Ablder S¥ENHWERI BPUSi ng 20,
i ch includes reservoir bo
protrusions 538 within closure cap 520. As shown in
Figs. 64-66, desiccant holder 560 includes a circular
top wall 562 . and an annular side wall 564 eitending
10 down from the periphery thereof. An annular recess 566
is formed in the inner surface of annular side wall 564
at the lower end thereof for receiving a disc (not
shown) which holds a desiccant, such as silica gel,
therein. An annular rib 568 is formed on the outer
.15 surface of annular side wall 564. In_this manner,
desiccant holder 560 is inserted within closure cap
520. Due to the resilience of the plastic pieces,
annular rib 568 rides over protruéions 538, so that
desiccant holder 560 is held within closure cap 520
20 adjacent top wall 524 thereof.

A slight modification to desiccant holder 560 is
shown in the assembled view of Fig. 4, in which an
annular groove 570 is formed on the inner surface of
annular side wall 564 to hold a disc 572 containing the

25 desiccant.

In accordance with the present invention, a
counter mechanism 580 is provided for counting the
number of doses that have been dispehsed or indicating
the number of doses that remain to be dispensed, so as

30 to warn the user of impending powder depletion. Many
types of mechanical and electrical counters are useful.
A digital electronic counter can be disposed within- the
base or other areas of the device, and will require
electrically conductive contacts which complete a

35 circuit at some point in the dose loading operation;
the characteristics of the required battery will be a
factor in establiéhing a shelf life for the device.



22, reservoir plug 90 and driving body 120, is rofafed. 5 ' In

operation, netered dose hole 184 is initially in alignment with
frusto-conical venturi conduit 64. As wi |l ‘be expl ai ned hereinafter,
powder housing 20 is only permtted t@orotate 180[err] relative to

nmetering dose 10 plate 180. During initial primng rotation, netered
dose hole 184 p&rysennmyypnaﬂéﬁuddji&iqnuhter mqnnnniﬁmiQQQy'mval hol es 96

and 98. As a re ]@g@ Bhe to
nmet ered dose %#ﬁmenﬁﬂﬁoﬁem & ca e Si vva’f sﬁgléefl n%%é]w
substantial | y ovaimbest f 983% wamg diptllﬁ stisprnsed. the powder 62

into netered dose holeg 'ntedna{rhéi@ 580 1@% +pdedl dfaghe Si nce oval
hal es 96 and 98 are space; | ess than 180 frpn1C|rcuI%%lhole 94,

metered dosé® holaforementgipned, st A $ t%%?n HFeEeReAd 98 and
20 nmanifold 46;%5511-&}1 detEnts) 2:3149 dred 23R It dbae DEEK tive the initial
e

position, neter dose hol e 1 LASSEs back I 46 and
substantially o rk nsPiﬁfn rﬁlas 1%2%%%? mﬁ%% vgﬁtur

'cogdU|t 64. DuadqptérsszauLarcantmnnqusrmpunthrvﬁdmg 20 namg 25
substantially ov f t t
: y ﬁgsé}%]ﬁé%%%e@g@iﬁb 36 1dRE 4 OspringSEiadeat pewpovder

62 into netered ensurlng that nefered dose hol e
184 is conA®t elassgrPly 64Qccurately filled. Thus, the scraping action is

provided during both gouhens! Dgkrige. angd £ O6&V63e76) conbintbes, that is,

~ both during the clc?\gn'éezadxl:{]r?gséQg is formed by a disc 592 having a wall
with a substantially rectangular cross-section. An
outer annular ledge 594 is formed on the oﬁter, upper

15 edge of disc 592 by cutting away disc 592 thereat.
Furthef, a lower annular lip 596 axially extends from
the lower, outer edge of disc 592, as a smooth '
extension of disc 592, but of a lesser cross-sectional
width. As a result, an inner annular ledge 598 is :

20 formed at the lower edge of disc 592. 1In this regafd,

. continuous counter ring 590 can be seated on base 200,
and in particular, inner annular ledge 598 seats upon
circular top wall 202 of base 200 and lower annular lip
596 seats on anhular ledge 206 of base 200 in.

25 surrounding relation to circular top wall 202.

A plurality of numerical indicia 600 are printed
on the smooth combined outer surface of disc 592 and
lower annular lip 596. Specifically, two successive
sets of numbers "0" through "9" are printed

30 equiangularly thereabout. It will be appreciated,
however, that counting indicia other than numerical
indicia 600, can be used, such as color designations,
shape designations, Roman numerals, days of the week,
and the 1like. '

35 Twenty gear teeth 602 are equiangularly formed on
the inner surface'of disc 592 in correspondence with .
the twenty numbers of numerical indicia 600. All gear



and the*reverse 180 novenent to the inhal ati on stage. When netered

dose hole 184 is aligned with venturi . conduit 64, it is then only
necessary for the user to i nhal e through venturi conduit 64, causing a
draw and 35 suction through netered dose hole 184, wherein the

net er.ed dose of powder 62 is drawn up throd@ﬁ vent uri conduit 64 and

delivered to the_user. . . .29, .
In. order to proVF%ﬁfho?o%rﬁ%??eFEfiﬁﬁm?o?ﬁfFBn}n the radiaf d4EEEE PRy e 150
i s non-rotat abl withintlzel exceptionnthabwikbamébunicallgOoppositeat geay nount ed

on, a base ?ﬁé’%@hﬁwéﬂd Fé@é-oé,%éaéﬂéegéfgoz ?aESr?QQHEHEEg§e§o5 a
circular top wal avi ng an annul ar skir 0 extendi ng wnwar dl y
from t he peri phekRe tpppesite thembers piil paEraumerieadf infieirap0Popanel |
202 is cut-agay déeper €€4hNEnENrONASHIAGNYERT tEEER 602, CHatNiblagear
supporting 11p 208,15 £84 "B8a 806 "SxPehs ontwadify®in the raaial
direction to a greater extent than the remaining gear
teeth 602. When continuous counter ring 590 is seated
on base 200, first rotation prevention spring detent

10 224 of base 200 engages with one gear tooth 602 at a
time, to prevent clockwise rotation of continuous:
counter ring 590 on base 200. '

As shown in Figs. 3, 4 and 71-74, intermittent
counter ring 620 is formed by a disc 622 having a wall

15 .with a substantially rectangular cross-section. A
lower annular 1ip 624 axially extends from the lower,
outer edge of disc 622, as a smooth extension of disc
622, but of a lesser cross-sectional width. As a
result, an inner annular ledge 626 is formed at the

20 lower edge of disc 622. In this regard, intermittent
counter ring 620 can be rotatably seated on continuous
counter ring 590, and in particular, inner annular
ledge 626 is spaced above continuous counter ring 590,

- while lower annular lip 624 seats on outer annular

25 ledée 594 of continuous counter ring 590.

A plurality of numerical indicia 628 are printed
on the smooth combined outer surface of disc 622 and
lower annular lip 624. Specifically, numbers "01"
through "20" are printed equiangularly'thereabout.

30 . Only one such number is shown in Fig. 74. It will be
appreciated, however, that counting indicia other than
numerical indicia 628 can be used, such as color
designations, shape designations, Roman numerals, days
of the week, and the like. -

35 Twenty gear teeth 630 are equiangularly formed on
the inner surface of disc 622 in correspondence with
the twenty numbers of numerical indicia 628. All gear
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10 annular skirt 204 at the | ower end thereof, so as to ext end
outwardly therefromin the radial direction of annul ar skirt 204. In
addi-ti on, an annul ar retai ni ng rimz210 is formed on the outer surface
of -annul ar skirt 204, parallel to supporting lip 208 and spaced 15

t her eabove, so as to extend outwardly fron1annu|ar ’ skirt 204 in the
radi al direction thereof. Retaining %210 has a dianeter |ess than

t he di aneter of orting p 208 nnuI et.aini ap 212
i s forned betmeéﬁe%EBpﬁgg Rave, ?Oﬁaﬁﬁdd?BgélﬁPn FlﬁPgéai éiﬁ?cggﬁﬁfher,
ée;alnlng rlr}ZMFheﬁ intermbéytehtngoanter r!ngyszoahb seatietleodi stance to
efine a sma sl ot her ei n | s a : Q= Ccani er
annul ar sur?%ﬂ%gnuous coﬁng gfnﬁdr?§a|88§§§d %EH%&?n ﬁgﬁggéﬁ#9§|
and 25 axi al | yspningedebent 332fa£ebesec2aeueagagsp wath ope gear and a

coaxi al 1 et agni nge PER! 638 8aff 'e;ﬁsr ébaﬁfaeént clobﬂaaseykb&dtuealo@oss
216 is forned at t i ndrical boss . ccorg ggly,

an out er annular1nterm}£ﬁgétZEBUPEeFoFﬁEE §20t AB BBﬁ@rzgage 8F W, i cal
30 boss 216. &pﬂaiaaeaosi-oa1&haaalaaueutieh ¢hdent €bllows,Skeght | y | ess

than the inner er_of apnul.ar unting ost 188 t g dose
pl ate 180. Retal*:ﬁaag;1 638 ﬁﬁanglgnggfanﬁﬁﬁgﬁFt nete 53%0§? %@
| engt h t herge&dr teeth2802¢xsenthay geazr teeth GBQtameeoutwa?dly

apprOX|natei ?g@f%ﬁiacﬁécﬁﬂrQBQQLXdﬁg#ed&gskkibﬁ F28n2Blar teeth?602.

nmount I ng pos erin ose
Further, a dose limiting tab 632 extends upwardly

from the upper surface of disc 622, corresponding to a
position between numbers "01" and "20", to prevent .
operation of metered powder dose dispenser 10 after a
15 prescribed number of doses have been dispensed. For
'example, where metered powder dose.dispensef 10 is
limited to dispensing 200 doses, dose limiting tab 632
will abut against dosage limiter tab 336 of adapter 320
after dispensing of the two hundredth dose, to prevent
20 further relative rotation of powder housing 20 with
respect to metering dose plate 186, as will be
described with respect to the operation hereinafter.
Initially, number "20" of indicia 628 is aligned
with number "0" of indicia 600 to form the number 200,
25 which is exposed through trehsparent plastic window 330
of adapter 320. After the first dose is dispensed,
both continuous counter ring 590 and intermittent
counter ring 620 rotate_together to expose the numbers
®19" and "9", respectively, to form the number "199"
30 ‘which is exposed through window 330. After the next
nine doses, 6n1y continuous counter ring 590 rotates
one increment at a time for each dose. After the
number "190" is exposed through window 330, the next
dose results in both continuous counter ring 590 and
35 intermittent counter ring 620 rotating to form the
number "189". This operation continuous until the
number "00" is exposed through window 330. At this



-

retained on retaining post 218 i-n a non-rotatable

30 manner to ensure that netering dose plate 180 wll remain
stationary with-respect to powder housing 20 when powder housing 20,
whi ch includes reservoir body 22, reservoir plug 90 and driving body
120, is rotated. 5 - As part of a counP@r mechani smwhich will be
described in greater detail hereinafter, a first " rotation prevention
spring detent 2bimes Aptermdttgng countex: ripgeF2QaRAs GﬁanF%GI a5
val I 202. Spepbki €2bhY sodthdty@dseenimitlingetan 632pabutsn@gadnstl0

220 et e Ui O ELLCUL R P22 o oo B
' 256,e ggg 1; :c rzte tl gﬁti-ehbﬁnrp&at&mei erbtaltlio;prifn@osbdee'nmomr@(t%ddm om one
g_i ?cu_l ar top wafF-BESt %EgE‘g#g??gg\r’l\gofsﬁegﬁgr?%ag%lo:"ielr-st ° andrzfgtciegnabove w0
prevention spring defenprges to gavseds¥ol wetation of continuous
counter ring 590 and intermittent counter ring 620, .
'spring-biased pawl assembly 640 includes a pawl driver
642, as shown in Figs. 3, 4 and 75-79. Pawl driver 642
10 includes an arcuate wall 644 having inwardly extending
inturned flanges 646 and 648 at opposite side edges
thereof. Arcuate wall 644 has a height greater than
the combined height of continuous counter ring 590 and
intermittent counter ring 620. A U-shaped retainer 650
15 is connected to the free ends of inturned flanges 646
and 648. U-shaped retainer 650 has a height less than
that of arcuate wall 644. Accordingly, a loop defining
an open area 652, is formed by arcuate wall 644,
flanges 646 and 648 and U-shaped retainer 650.
20 A pawl 654 is formed on the outer or convex
surface of arcuate wall 644. Thus, when pawl driver
642 is inserted on circular top wall 202 of base 200 in
surrounding relation to cylindricai boss 216, pawl 654
can be inserted within a gear tooth 602. However,
25 because gear teeth 630 extend along a larger diameter
* ¢ircle than gear teeth 602, pawl 654 can only engage
with gear teeth 602 and not with gear teeth 630. The
only exception is when pawl 654 engages within one of
gear teeth 604 or 606. In such case, because gear
30 teeth 604 and 606 are deeper than the remaining gear
teeth 602, pawl 654 can reach into and engage with gear
teeth 630. Since gear teeth 604 and 606 are spaced
apart by ten gear teeth, pawl 654 engages within one of
the gear teeth 604 or 606 every tenth dose dispensing,
35 and thereby engages within one of gear teeth 630 at
such time to rotatably drive intermittent counter ring
620 with continuous counter ring 590. '
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a bevel- 230 thereat which is oriented in the radial direction of
circular top wall 202. Al so as part of the counter nechani sm
which will 20 be described in greater detail hereinafter, a second
rotation prevention spring detent 232 is nounted in a cantil ever
manner on circular top wall 202. Specig3 cal |y, second rotation
prevention spring detent 232 extends from edge 228 of detent
supporting wall 25 Tiperder 49 diap pawl st cintposrIagerentrwith wal | -
202 and pa %Aﬁlté@tﬁr@bzspw é}b&é’é‘diéﬁﬁt roL8kapad holdersVvessi on

spring detent 2 The free end of second rotation prevention spring
detent 232 is praRg fRrmgd pt the Jupper endof HEhe FONFRYR X b?ﬁ‘%ﬁt ed in

the radial 30 durfice®oPlardiste afalDpsanl | ﬁoflat|§pr£nQOGBd is bent

particularly fromFi t.hat_the free end. of deg 224 exte ds
radial |y outiwar &% % s‘l’zl?wv)ﬁr%%ﬁé guratign, e‘?’ﬂ‘ h‘é\]ﬂet Ee?rsléé
detent 232. the laﬁgseclqngthrpmztsoﬂ3660sbénngeﬂrlnttonahlnr top. 35

1ol 2 %on", o PRSI ebribie a0 0t iSRRI EERRLY,
end of detent 23nd f the short length portion 662 pushes against
cyllndrlcal boss 216 of base 220, thereby biasing pawl

10 assembly 640 outwardly in the radial direction. This
causes pawl 654 to enter into engagement with gear
teeth 602. | |

As an alternative to the combination of pawl
assembly 640 and flat spring 658, the pawl assembly can

15 be fabricated from a somewhat resilient plastic
material to have an appendage extending downward at an
oblique angle, this appendage acting as a spring to
bias the pawl assembly against cylindrical boss 216 as
described above. .

20 * The operation of counter mechanism 580 will be
described with respect to the schematic views of Figs.
80-82. Lower spring retainer 260 rotates with
reservoir body 22 180° relative to metering dose plate
180 between the stored position when closure cap 520 is

25 threaded onto adapter 320 and the inhalation position
when closure cap 520 is removed from adapter 320. Fig.
80 shows the relative position between arcuate pawl
driving wall 274 of lower spring retainer 260,
continuous counter ring 590, intermittent counter ring

30 620 and pawl assembly 640, when metered powder dose
dispenser 10 is in the stored position. 1In such
position, pawl 654 is engaged within a shallow gear
tooth 602 of continuous counter ring 590, and
therefore, does not engage with a gear tooth 630.

35 Further, in such position, pawl driving end 276 of
arcuate pawl driving wall 274 engages with pawl

- assembly 640. .
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31 . second radial boundary 240 in line with the connected end of

detent 232, and a third boundary 242 connected bet ween the i nner ends
of radi al boundaries 238 and 240 " and extending in alignment with the
lengthwi se 5 direction of detent 232. In order to spring bias
nmetering dose plate 180 i nto engagenent” With the | ower surface of thin

circul ar pl ate 9\?,% 1dn " €§é]§/‘8‘5%% %%a{g f&g@é&r@héhﬂrggv@%o 92

can only be inhal ed en netere le 184 1s in 10, alignnent_with
venturi conduit ®ward piheiinhakakien position, payl (dpiving 'end 27g§hatf

bi asi ng assenbl yaféifé&@%a@l'&f\@hﬁ@rwam 274 i@tﬁoﬂﬁeaﬁﬂnﬁﬁuéhgdgéd
annul ar | edge 220, .over Fi.g 3 4 and

30-34. 15 Specifiehitye ?Pﬁ%?l'%‘br? ‘Sg ‘8’? aﬁ’*h‘éf %ﬁe ﬁg}’mgéén a8 §£‘° 262

having a cergralimpeigngeL64 Bs z&drésuleceaseshown int Bigin§lpopawlklB54An

annul ar boss 266, ex {g@eér% c%%?r #Q &gggrdg%ééesﬁnogfdg§ 2§g in

sur roundi ng relaiﬁ opent ng en retarni ng’ post 218
20  extends't hrvhegpebynrpdel 694 srides aput cefit the shahiay gear gQchthe

| oner edge of aﬂ@&iartﬁ@§éb$6@o§§@é§sHRQ”spr1nga@§§|arcbﬁﬂﬂﬁuaao

An upper annul ar retarni g ext ends
~ rotation to the full 180°, as shown in Fig. 82, causes

10 pawl 654 to rotate a slight amount and fall into the
next gear tooth 604, which is a deep gear tooth, for
example. Specifically, when pawl 654 moves from the-
position of Fig. 81 to the position of Fig. 82, spring
658 biases pawl 654 into gear tooth 604. Since gear

15 - tooth 604 is é deep gear tooth, pawl 654 also enters
one of the gear teeth 630. At this point, metered
powder dose dispenser 10 is in the inhalation position
in which metered dose hole 184 is in alignment with
venturi conduit 64. '

20 - After the user inhales the dose of powder 62,
closure cap 520 is threaded back onto adapter 320. As
a result, reservoir body 22 rotates back to its initial
position of Fig. 80, which also results in rotation of
lower spring retainer 260. During this rotation back

25 180°, that is, in the counterclockwise direction of
Fig. 80, pawl driving end 276 of arcuate pawl driving
wall 274 engages with pawl assembly 640 at the end of
its movement to rotate pawl assembly 640 in the
counterclockwise direction of Fig. 80 to its initial

30 position. During such movement, since pawl 654 is
engaged within deep gear tooth 604 and one of the gear
teeth 630, both continuous counter ring 590 and
intermittent counter ring 620 are rotated”together one
increment. In the case where pawl 654 is not engaged

35  with one of the deep gear teeth 604 or 606, pawl does
not engage with a gear tooth 630, so that only the
continuous counter ring 590 would be rotated.
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upwardly fromthe peripheral edge of disc 262. 25 Further, two radially

extending driven ears 270 and 272 are fornmed in dianetrically opposite
posi-tions at the . peripheral edge of annular lip 268. Ear 270 has a

wi dth substantially equal to the width of drive slot 34 of reservoir
body 22 so as to fit therein and be driven 30 thereby, and ear 272 has a
wi dth substantially equal to the wdth of drive slot 36 of reservoir
body 22 so as t L% iYilhdreiarRrRrinted i tRAL (fRptuous counterp, ¢ per

g_” argggtg Pan ldiﬂqli5|’§b V%ﬁd PideExietéitt countepnring époccasnotace of
o arouate. o ERG AR S pTesTLrel SLEATEIRE oPobidar: 0P uall 27a.
ig)gcl udeswplplpogietheq:mn_ke dof vE fgstenaisd 25écemdl 2FBatien prevention spring
72 e contty " AEILESHeA T HT S i ORLA et oot Bepe 2
coi l and 630, respectively.

It will be appreciated that various changes can be
made to the scope of the present invention. For
example, rotation of metering dose plate 180 need not

10 be 180°, but could be for a lesser or greater arcuate
distance. In such case, the length of arcuate pawl
driving wall 274 would be changed to incrementally
drive pawl assembly 640. .

Accordingly, with the present invention, a metered

15 powder dose éispenser 10 is provided that accurately
measures the doses of powdered medicament to be
delivered to the patient. Specifically, dispenser 10

_is greatly simplified in construction and assembly over
the prior art.

20 All of the above elements, with the exception of
springs 290 and 658, are preferably fabricated from
readily available plastics, while the springs are
preferably fabricated from suitable metals. Typically,
the various compohenﬁs which do not require porosity or

25 other special properties will be molded from one or
more thermoplastic substances having the desired
rigidity and strength. In some embodiments, the
component containing the powder receptacle is
relatively thin and, to maintain a required degree of

30 surface flatness, will be constructed from a less
easily deformed substance such as a reinforced plastic,
ceramic or metal. Of course, materials selected must
be chemically compatible with the medication to be
dispensed. For reasons of cost, a maximum utilization

35 of plastics will be preferred where the device is '
intended to be disposable with no, or only a limited
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spring 290 havi ng one end seated on the upper surface 5 of disc 262 of

-Ibmer spring retai ner 260, and - restrained thereon by annul ar retaining
lip~-268. ~As shown in Figs. 3, 4 and 35-37, the biasing
assenmbly further includes a support plate 30 which - supports netering

dose plate 180, functions as an upper 10 spring retainer, biases netering

dose plate 180 FHAIMM of, ddifidNEnt SHf AL Aftdi ke riniefadl harge of
reservoir plug 90, and permts suction through netered dose hole 184

onl'y when net er PIRREN HAPIHELY s in alignment with venturi conduit
ﬁ4- 15 ISIOECI f Im?d»ﬂ'_é/semwl gpbfeﬁﬁ@d Hfbodinentredf byeservoidi ptug02
aving an annu retainjn I p..304 extend o

peri pher al edgeagroq %ﬁwlﬁ% a th:u;, CIWCSH]%O?J&?Yg %\gg%%%%ﬁéégﬁéﬁg%ars

306 and 308 sir e stainIessiestéel diwinithi tsl iyseppospldedoanteonsplasthe 20

peri pheral edge i anudar;1ip im@é%?ﬂ@r@f@n%owﬁ%ﬁ%’gtgoﬂh@tﬁﬂa{:@!'y

equal to the w of "drive sl ot of " reservol r sp.as to fit
therein and be dk8@ein thetagsembhled device 30prewiding &t vex¥inttakially -

equal to  thesyhitl MhaOFiyfaSs@t£a6e Ofo! BEEVYAL pbRdEr 22eaRage Eont O
fit therein and be driven there and_308 is

| ess than the hépﬁﬁtr%ﬁe%Mﬂh¥arbfﬁpagggtggég,égggm?sﬁérggégigg §5of™ar s
306 and 3081@re staticubbéetriaity chapyesi génehatédvby Edgetddbnannular |ip
S0, oo, e NER! 4 Del 30 Ry EbbE 108ing operhEsdHe, Liien®
charges can adversely affect powder flow into and out
of the aosiné station. Other "composite" components
" can be used elsewhere in the device where special
15 properties are required. '
In ofder to assemble metered'powder dose dispenser
10, powder housing 20 is first assembled.
Specifically, reservoir plug 90 is inserted within
reservoir body 22, flat spring 658 is inserted within
20 L-shaped holders 656 of pawl assembly 640, desiccant
holder 560 is snapped into closure cap 520, swirl
nozzle 380 is assembled with driving body 120 and
mouthpiece 440 is assembled with swirl nozzle 380.
Next, continuous counter ring 590 is fit onto base 200
25 and intermittent counter ring 620 is fit onto
continuous counter ring 590. Both counter rihgs 590
and 620 are rotated until the number "10" of
intermittent counter ring 620 and the number "O" of
continuous counter ring 590 are in alignment with small
30 slot 214 of base 200. In other words, this corresponds
+o the number "100", and is directly opposite the
number "200" which will be displayed through window 330
of adaptér 320. '
Pawl assembly 640 with spring 658 therein, is then
35 positioned on top circular wall 202 of base 200 in
surrounding relation to cylindrical boss 216, with pawl
654 being biased into engagement with gear tooth 604 in
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In disc-302 and is sized to rotatably receive annul ar nount i ng post

188 of netering dose plate 180 therein. A radially extending slot 312
extends fromand is in communi cation with circular hole 310. Slot 312
extends 35 outwardly in the radial direction by a distance such t hat
the radially outer part of slot 312 overl aps7 nmet ered dose hole 184
when netered dose hole 184 is in

33 al i gnnealignhéntewithi thenduinbeB4"14nanidstbet gghr tooth| B3Amdnt

with, and thereb ehe!yOLR' LAE. nﬁﬁ53£ed11-~ tHase 180l en184 ighmakk ot her

tinmes. escri ove, powder retainer 186 is forned 5 by a
mesh screen, f||Vé¢h theonymherelial"eor LheWilkebe appreciaksd Xhatni mm

restrictive effegirgp 4A8 &be¥nha rothﬁiahhb@ﬂ@bntﬁaweﬂptlnghdht&nmssh24
screen or the like uction |nyg§§ f 1 ow, and

thereby ®f aﬁ?ds%E?lBﬁebgntﬁilﬁgﬂFn% VliﬁpFSQFnﬁPg

corresponding to number "1" and with the gear tooth 630
corresponding to the opposite number "11".

Thereafter, .lower spring retainer 260 is
positioned on boss 216 in surrounding relation to

10 retaining post 218, with narrow driven ear 270 in
alignment with the number "100" on rings 590 and 620.
In such case, pawl driving end 276 thereof is in
abutment with inwardly extending inturned flange 648 of
pawl assembly 640. Coil spring 290 is then seated on

15 disc 262 of lower spring retainer 260, and support
plate 300 is placed on top of coil spring 290, with
narrow driven ear 306 thereof in alignment with narrow
driven ear 270 of lower spring retainer 260. Then,
annular mounting post 188 of metering dose plate 180 is

20 positioned through central circular hole 310 of support
plate 300 and over retaining post 218 of base 200, with
flats 190 and 222 in alignment. In such case, metered
dose hole 184 is in alignment with radially extending
slot 312 of support plate 300.

25 Then, reservoir body 22, having reservoir plug 90
assembled therew1th, is inserted over metering dose
plate 180, support plate 300, coil spring 290 and lower
support platerzso, such that narrow driven ears 270 and
306 fit within narrow drive slot 34; and wider driven

30 ears 272 and 308 fit within wider drive slot 36 of
reservoir body 22. In such case, venturi_conduit 64 is
in alighment with metered dose hole 184. . In order to
assemble the above parts together, adapter 320 is then '

. placed over the above assembly such that bridgé 326

35 thereof is in alignment with small slot 214 of base
200. Adapter 320 is then pressed down until annular
ledge 210 of base 200 snaps into annular groove 324 of
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10 According to an alternative enbodi nment, as shown in Fig. 38,

powder retainer 186 conprised of a nesh screen or the Iike can be
.relocated to the | ower surface of di sc 302 of support plate 300, under
sl ot 312. Therefore, although the mesh screen or the |ike reduces 15
the gas flow through radially extending sl &8 312, this "does not .
effectively restrict the gas flow through .hretered dose hole 184 which
is smaller thanaslaptey1820. Atriiis finfw Cott $PHHT s2?AdtBendent of the
Cross- seCldgiptedddt N e Minsd O Zivoe pppésrd SOhrough einddd 330here

I's no mesh powder_refainer 186 at metered dos h 184 du air
f1 ow t hrough metafr é‘lﬂim A aném‘i >S5es $40 an%gé%oaﬁ ?{\Q?%F §g°
ngZC_h i; an al t eieatiiny eal ignmeantb owli tte ndr e t Sbots r 2dgandndépf Fig. 38, slot
_ in 25 UpRar | ,ad 0 is anol siie sides thereof . in a
downwar dl y &Sve&gﬁstr%&crén‘ﬁ%ﬁ?' \féfh sucﬁoﬂ ﬂ%?s?a%%érr?nt, the air flow
cross-sectional area Bhexeafter, powdewm supplytcenduitn6Beifmfdlireat er

than four tines LT Se ' ar egnheh, nakevedgdssayhol e
30 184 o O e F s tho cpove.deser pione.
that netering do®9plwiteh mezzle 138Q apd poRthpigte 440 here?B@,lﬁuglFo

flats 190 and 2%¥seFUrédeFvopVisedy hp2i5i 8gch thatOcironparspdugf comgedtoi r
body 22, 1 o8PVl Ly BLESARLES oSy 0! K045 PRAY, dpBer R ahaPhk mount e
powder supply conduit 60 and such that the upper open
end of venturi,conduit 64 extends through circular .
opening 142 in driving body 120. In this position, the
lower edge of lower annular skirt section 128 of |

15 driving body 120 is positioned immediately above the
upper edge of upper annular wall 332 of adapter 320.

Closure cap 520 is then threaded onto adapter 320,
whereby powder housing 20 is rotated 180° relative to
metering dose plate 180 so as to prime metered powder

20 dose dispenser 10, that is, so as to scrape powder 62
into metered dose hole 184. This moves pawl 654 to the
next gear tooth 602, as shown in Fig. 82.

When a user desirés to inhale a dosage of the
powder 62, closure cap 520 is unthreaded and rémoved,

25 thereby rotating powder housing 20 back 180° so as to
align venturi conduit 64 with metered dose hole 184,
ready for inhalation. At this time, pawl 654 is
rotated one increment back to the position shown in
Fig. 80, whereby the next number "199" is displayed |

30 through window 330. When all 200 doses have been used,
dose limiting'tab 632 of intermittent counter ring 620
abuts against dosage limiter tab 336 of adapter 320 to .
prevent further rotation for dispensing. Accordingly,
the numbers will not continue from "00" to “200".

35 Referring now to Figs. 83-105, there is shown an
alternative embodiment of a counter mechanism 580’ for
counting the number of doses that have been dispensed
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34 > In addition, support plate 300 is biased into engagenent
with the | ower surface of netering dose . plate 180 so as to support ‘the
same. I n the operation, radially extending slot 312 is in alignnent
with 5 netered dose hole 184 only when netered dose hole 184 is in
alignment with venturi conduit 64. Thus, arge powder 62 within nmetered
dose hol e 184 when netered dose hole 184 is out of alignnent with
venturi conduit or 1rﬁ¥hd$tﬂ$§l¢&i@:hﬂlhtberrmteimbsiobmahotenaﬂn bty besh 10

powder retainer f,, Qi gpt plate
300 at its | ower s&’a&{%ndh% LEF%%? 3\5/\%%@%8 %%é ace %Tpeﬂ?lﬁﬂé écu@ar Fate
92 of reserv0|r gsniketoion, 1nenhi¢h e&gmgn%mdcomgesp¢ndh@gdt@cg@%eﬁern

great er %Scl:eh%ﬁﬁh g eére'{Béﬁ'&fi&ieﬂy%én@&ﬁéVﬁeﬂéﬁéﬁcen 15  of

net ered powder | spenser 10, netered dose grlned and

i s positioned dinHRgFIkSIYithBpJerine therc%ﬂ,’.@a, aI*? %H"énﬁ?‘r‘lﬁt Fot 312.

In such positiomechanism 580, it is preferable that counter mechanism
580’ is a decrementing counter that indicates the
number of doses that remain to.be dispensed.

Basically, as part of the counter mechanism 580/,
10 the parts that have been modified are base 200?, lower
spring retainer 2607, continuous counter ring 5907,
intermittent counter ring 620/ and Spring biased pawl
assembly 6407. ' '
In the first place, base 200/ includes a circular
15 top wall 202’ havinq an annular skirt 204’ extending
downwérdly from the periphery thereof. The peripheral
edge of circular top wall 202’ is- cut-away to define an
outer annular ledge 206’. An annular supporting lip
208’ is formed on the outer surface of annular skirt .
20 204’ at the lower end thereof, so as to extend
outwardly therefrom ‘in the radial direction of annular
skirt 204’. In addition, an annular retaining rim 210’
is formed on the outer surface of annular skirt 204/,
parallel to supporting lip 208’ and spaced thereabove,
25 so as to extend outwardly from annular skirt 204’ in
the radial direction thereof. Retaining rim 210’ has a
diameter less than the diameter of supporting lip 208‘.
Thus, an annular retaining gap 212’ is formed between -
supporting lip 208’ and'retaininq rim 210’. It will be
30 appreciated that, rather than retaining rim 210’ being
cut away along a very small arcuate distance to define
a small slot therein, as in slot 214 of base 200, a
small slot 214’ is formed in supporting lip 208’ for
the same purpose. In addition, retaining rim 210’ has
35 a frusto-conical upper annular surface.
A cylindrical boss 216’ 1s formed centrally and
ax1a11y on the upper surface of circular top wall 202/,



ppmdér 62 within netered dose hole 184 is held between t he upper
surface of disc 302 of support plate 300 and 20 the |ower surface of thin

cireular plate 92 of reservoir plug 90, and therefore cannot escape
nmet er ed dose hol e 184. In order to positively hold all of
t he above el enents together, netered pﬂ&der dose dispenser 10 25

further includes an adapter 320, as shown in Figs. 3, and 40-45. As
shown therein, @&nhtercameiahoretrining P°SFo%kg aﬂﬁuiﬁ?sﬁﬁlpléﬁﬁtﬁ§V|ng an
i nner dianeter leqgiercy 11ndff@é‘lt)b6$QUﬁ£6'digﬁﬁbﬁﬁteﬂf atovhe apperaenskirt

SECLION et o b PP p L Bt 223857 AGrERELhY 1) pInEPSHEar ger ¢ han
tEe out er di a{retameann]:ledqe 220’ Jskl forfiéd at bhecuppérsedge of fit :
etaining rin 2 YMTGLEGALIROERT BT ' REL ATk hRE 218 TARTML | over
annul ar wal | 322utencdibameter stiaghtly less thanakhel Anngrogismerer of
;ggcgdtﬁ; the | oyRRufaH mount Phg! pYBE 288UbR" méRkk1332doskl Plialte ABaced
Retaining post 218’ is formed with a slot 222’ along
the length thereof. In such case, mounting post 188
10 has a corresponding pin projection (not shown).
Accordingly, due to the pin projection and slot 222/,
mounting post 188 of metering dose plate 180 is
retained on retaining post 218/ in a non-rotatable
manner to ensure that metering dose plate 180 will.
15 remain stationary with respect to powder housing 20
when powder'housing 20, which includes reservoir body
22, reservoir plug 90 and driving cap 120, is rotated.
As part of the counter mechanism, a first rotation
prevention spring detent 224’ is mounted in a
20 cantilever manner on circular top wall 202°’.
Specifically, a curved vertical detent supporting wall
- 226’ extends upwardly from circular top wall 202’ such
that the upper edge of spring detent 224’ is
substantially coplanar with the upper edge of
25 cylindrical boss 216’, and first rotation prevention
spring detent 224’ extends from one edge 228’ of detent
supporting wall 226, parallel to and spaced above
circular top wall 202’. Further, the free end of first
rotation prevention spring detent 224’ is provided with
30 a bevel 230’ thereat which is oriented in the radial
direction of circular top wall 202’.
A second rotation prevention spring detent 232’ is
mounted in a cantilever manner on circular top wall
2027, Specificaliy, second rotation prevention spring
35 detent 232’ extends from edge 228’ of detent supporting
wall 226/, parallel to and spaced below first rotation
prevention spring‘detent 224’ and between first



35 ~ - lower edge thereof. Accordingly, due to the resilience of the
pl astic pieces, when adapter 320 is inserted - over base 200 and pushed
down thereon, retaining rim 210 of base 200 snaps into annul ar groove
324 to hold 5 adapter 320 on base 200. In order to obtain and mai nt ai n
correct alignment between adapter 320 and dse .= 200, adapter 320 is

provided with a small bridge 326 Wi t hin groove 324. Bridge 326 has a
width  subst ¥etiadiop eFeventdamaPIms Agqent #2401 e, %‘3‘5‘6‘3]% r}:ﬁb S0
Fotate ther ot B0 T e e of ver s o, P22, |

Wi C e outer surfac wer_ annyl I-S
“preferably proviShFdg detent | L‘ng"ssmqé’cléf%gé”ftg} ehd %{/4)1,1\?(}%12%%%%,
kn\llJv(rjI | ng or 52|he1iai_diexg tam eiMeesddahlitknpspmhea partistetdon of netered
powder dose  di spensar . 10. . - . Nedad stic w ndow
330 is provided con%quﬁﬁtolv\?jenr' a‘{"‘nsmﬁlalrl \All)a%Alrb%lﬁs%%st a.nt%?t%lg'i anetrically
opposite to bridge 326 seghbradaesassla3p cad riammedoln £HPlae HP ght of

| ower annul ar wgdy 132% 4015 1564 ddbondendd & Dt Nd St ees '2ad S randi 232 Wi | |
be described in reater detail herejnafter égﬁfgfr 320

further incl udeSRaes 113 Hegess 4367 1ncludes a first
boundary 238’ substantially in line with the free end

10 of detent 232’, a second radial boundary 240
substantially in line with the connected end of detent
2327, and a third boundary 242’ connected between the
inner ends of radial boundaries 238’ and 240’ and
extending in alignment with the lengthwise direction of

15 detent 232’. ' _

In addition, a dosage limiting wall 243’ is
provided on the ﬁpper surface of top wall 202/,
extending from an edge of -detent suppprting wall 226/
radially outwardly to the peripherai edge of top wall

20 202’. Dosage limiting wall 243’ provides the same
function as ddsage limiter tab 336 of the first
_embodiment which is formed on the inner surfaces of
connecting section 334 and lower annular wall 322.

, Dosage limiter tab 243’ thereby prevents operation of

25 the métered powder dose dispenser after a prescribed
number of doses, for example, 200, have been dispensed,
as will bé understood from the explanation hereinafter.

As shown in Figs. 88-92, spring retainer 260/,
which is mounted on annular ledge 220’, over retaining

30 post 218/, includes a disc 262’ having a central
opening 264’ sized to receive retaining post 218’. An
annular boss 266’ extends from the lower surface of
disc 262’ in surrounding relation to central openihg
264’.- When retaining post 218’ extends through annular

35 boss 266’ and central opening 264’, the lower edge of
annular boss 266’ seats upon annular ledge 220’. |



332 of a lesser dianeter than lower annular wall 322, 25 and connected to
t'he upper end of |ower annular wall 322 by an annul ar frusto-coni cal
connecting section . 334. As will be apparent fromthe description
herei nafter with respect to the counter nechanism a dosage limter
tab 336 is fornmed above w ndow 330 on 30 té® inner surfaces of connecting
section 334 and | ower annul ar wall 322. Dosage limiter tab 336

prevents oper at ixm ugperxtanrulaovrietainirgdiipehsdf egtender a
prescri bed nunbey

. xégp d , olf@ been
di spensed; this F?ﬁéggg$$§%%$?%¥€r edéﬁ%gﬁg%ggﬁsgs?g5a§gc"Fg%k:out"
feat ure. Furthenntrarradial by expenddngsdrivapdesrst R20{ nase
surface of upperanUlEd FErhed3Pn aViRetAdent ey 3§§okite ositions at

36 pushed down so as to ] ock adapter 320 onto 20
descri bed aB%veatQﬁwRRE&PQﬁ%%}nﬁdg?p°§3%ngﬂ RE Eﬁpo ?é?' hﬁﬁﬁapérhas

shoul der 32 of reeseidth reililosyaR®iadly éaakbyo the width of drive slot
34 of reservoir body 22 so as to fit therein and be
driven théreby,'and ear 272’ has a width substantially
equal to the width of drive slot 36 of reservoir body
10 22 so as to fit therein and be driven thereby.
Further, an arcuate pawl driving wall 274’ extends
from the lower surface of disc 262’ between annular
boss 266’ and the periphery of disc 2627. Opposite
ends of arcuate pawl driving wall 274’ terminate in
15 - radially extending pawl driving end walls 276’ and
2787, each of which extends radially between annular
boss 266’ and the respective end of arcuate pawl
driving wall 274/, although pawl driving end wall 278’
extends radially outwardly slightly past the end of
20 arcuate pawl driving wall 274’,.the reason for which
will be explained hereinafter. The arcuate distance
between pawl driving end walls 276’ and 278’ is
approximately 190°. '
As shown in Fing 93-97, continuous counter ring
25 590/ is formed by a disc 592/ having a wall with a
substantially réctangular cross-section. An outer
annular ledge 594’ is formed on the outer, lower edge
of disc 592’ by cutﬁing away disc 592’ thereat.
A plurality of numerical indicia 600’ are printed
30 on the smooth outer surface of disc 5927.
Specifically, two successive sets of numbers "O"
through "9" are printed equiangularly thereabout. It
will be appreciated, however, that counting indicia
other than numerical indicia 600/, can be used, such as
35 color designations, shape designations, Roman numerals,
days of the week, and the like.



bi ases reservoir body 22 down against the force of coil 5 spring 290.
Accordingly, coil spring 290 is conpressed so that a biasing force

al ways forces support plate 300 into abutnent with nmetering dose plate
180, and al ways forces nmetering dose plate 180 into abutment with
reservoir plug 90. However, such biasing ag4on still 10 permts rotation
of reservoir body 22 relative to adapter 320 and netering dose plate

- 180. At t hereeny tga@r €itn COUPT eshé Oaqeiangelat Dat formed dohven
ears 270 anhd 306 w | almq¥s g; | ocat ed mﬁé?'p . drive skot . 34:and
driven ears 272 ShRi WRER, THrLgce lils%e %caf%dcﬂffﬁfﬁoérlv%es‘#ﬁﬁﬂ%, so

that rotati on ofthe twewmisermmbelswdyf 22umerticahuindiciaec§0ent ralitgearof

| ower spring retgai , r 0; s d

bl ate 180 19 hei ke, §0p, WS (e  bate MERERCin the PRARMICATECEEIG], dose
powder housitg 20itid the cexpeption othatsdianetrbeally20pPPeséEeod®ag| ug 100
and dri vi nge bogly 9)1aﬁ&“€6659ﬁfn@eéft@é3€ﬁ €687 andorrespéHaRAg!

floce pl ate 160 iR BdaphLtLapobetween mumbers: h6" 808ntpLqoEoRUREESRAL ~
gi?Sfasegogbongiﬁdi?§5a§obowfafedaeepfrIamen theutenaiking geati teetR8 of
vl | 392 of adaptls” s26hat ity qupar cetth 888 ABHOB0RY, exreptiblch Torer o
dose hol e 188 ofoutwardtyeinntheosadpaht@itéCtionotdi angreatar| ¢xgepssite
30 recesses 3400 B¢ PlfiaiRiNGIgblr ULBEEN2BOYY A" WREh continuous
counter ring 590’ is correctly positioned in the
apparatus as will be explained hereinafter, first
rotation prevention spring detent 224’ of base 200

15 engages with one-gear tooth 602’ at a time, to prevent
clockwise rotation of continuous counter ring 590’ on
base 200’.

As shown in Figs. 98-101, intermittent counter
ring 620’ is formed by a disc 622/ having a wall with a

20 -subétantially rectangular cross-section.

A plurality of numerical indicia 628’ are printed
on the smooth outer surface of disc 622’.
Specifically, numbers non through "20" are printed
equiangulafly thereabout. Only a few such numbers are

25 shown in Fig. 101. It will be appreciated, however,
that counting indicia.other than numerical indicia 628’
can be used, such as color designations, shape
designations, Roman numerals, days of the week, and the
like, may be used. '

30 An inner aﬁnular wall 629’ is provided on the
inner surface of disc 622’ at a positibn approximately
two-thirds of the height of disc 622/, as shown in Fig.
100. Twenty gear teeth 630’ are equiangularly formed
on the inner'suffacé of inner annular wall 629’ in

35 correspondence with the twenty numbers of numerical
indicia 6287. All gear teeth 630’ have the same depth
in the radial direction. It will be appreciated that
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332, extending fromthe upper edge of upper annul ar wal | to annul ar
biasing lip 338. Recess 340 has a width identical to the wdth of
“drive slot 34, while recess 342 has a width identical to the width of
drive 35 slot 36. Wen netered dose hole 184 is aligned with

venturi conduit 64 of reservoir body 22 and mnth radi al |y extendi ng
slot 312 of support plate 300, 37

recess 340 is in %%Je e ﬁot'h drlb\\c%efbs"lcﬁ e ﬁ%jc'?antfff s 342 is in

al i gnnent with & 'OR ONn venturi conduit
64 causes air cinnuﬁﬂenenﬁmaiky1exﬂnndiﬁngQNMﬁleleéréndSG ahaped

t hrough recess A£§€§3L(H (f§ é%hgfiybéféﬁytf¥6ﬁgauter radial ly
ext endi ng sl ot , hetered lh €. 184 venturi condyit 64 to
del i ver the met &ukstaelakly cipgimferential hetextending HBF51?B463FO a
user of 5i sERisel bf circumferentially extending portion 6317, -
the circumferential length of the sloped portion 633’
is reduced and thereby made steeper than in the first
embodiment of gear teeth 630. In this regard, free end
234’ of second rotation prevention spring detent 232/
10 of basé 200/, which has an increased thickness, has a
configuration corresponding to that of gear teeth 630’.
As a result of the circumferentially extending portion
631’ and the increased slope of sloped portion 633/,
there is a greater torque that is necessary to move
15 intermittent counter ring 620/. The reason for this
arrangement 1s to prevent undesirable movement of
intermittent counter ring 620’ due to frictional forces
with continuous counter ring 590/, when it is desired
that only continuous counter ring 590/ should rotate.
20 With this arrangement, intermittent counter ring
620/ is seated on base 200/, and in particular, the
‘lower edge of disc 622’ seats upon annular ledge 206’
of base 200’ in surrounding relation to circular top
wall 202’. When intermittent counter ring 620’ is so-
25 seated, second rotation prevention spring detent 232
of base 200’ engages with one gear tooth 630/ at a
time, to prevent clockwise rotation of intermittent
counter ring 620’ on base 200’. As will be appreciated
from the discussion which follows, gear teeth 6307
30 extend along a larger diameter circle than gear teeth
602, so that gear teeth 630’ are outwardly displaced
" in the radial direction from gear teeth 602'.
Further, continuous counter ring 590’ is rotatably
seated on intermittent counter ring 620’, and in
35 particular, outer annular ledge 594’ seats on the upper
edge of disc 622’ for rotation relative thereto. It
will be appreciated that this is the reverse of the
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10 + When the | ower edge of l-ower annular skirt section 128 of
driving body 120 rests and rotates on the upper edge of upper annul ar
wal I 332 of adapter 320, rotation limting tab 162, and rounded nub :
163 thereof, ride al ong the upper surfé®e of annular biasing lip 338.
In 15 this.-regard, two stops 344 and 346 are fornmed on the . upper
surface of annul fiirsteamsengioned3egbedinenhain Whlcbppn§?r91§ﬁ§§tof rotation

limting tab 162, g&Hé h a sind t brd n Qdy 120
relative to adapter 36 rln& @ grg?gg %ﬂ1$6?g?2?§%ﬁ geﬁne i Ehﬁgrgﬁgu5|ng

20 to a cl ockwi se andFB§EhF§vcFo@RﬁFséimltlngoFapl ﬁz'fe¥§GB§Fr

In order to preV&B&nﬁ&f&ﬂ?nfﬁbmrﬁhét16Qe9fsdff&bégof 1nnbﬁdhnﬁﬁﬁatehauuve
to adapter 320, two, deten [

s 348 t_a rovi ded
on the upper® sur?%%e'2€°rrGFpaﬂﬁngrt8|ﬁspﬂﬁigﬁﬂn3§gakbﬁ H&Eﬁ & Ed from
stops 344 abd phéventspperatiby. oﬁcmetéraglppwdarldgse dlspensemon of

1 V00, oY 120, eLBhLYCal 88301 Bhg°Hhnper off BHAUECRAVE Badrat (he | over

end of rotation I'S cause ride over tents 348
and 350 due 30 dispewssefli enForoexanplpl, awvherepneteredrpeydesndosesiting

tab 162 is there@is Sh§§§a9bylgeh§m§€E&e€B aEQBeﬁéinQnQOO dos@ég!,edlos?48, or

rel easably held en sto Lastly a
doubl e hel|éal tﬁi@&&1992tﬁg Fé?ne&léﬁ SButtﬁgaéﬁﬁérdgﬁFﬁgb& ipdtinger
annul ar wal | 332yalhe2437 ofubaseec2bor ,waifterwdlispensdmy afpahenttwiar om t he

hﬁndredth'dose, to prevent further relative rotation of
powder housing 20 with respect to metering dose plate
180. . |

15 Initially, number n20" of indicia 628’ is aligned
with number "0" of indicia 600’ to form the number .
"200", which is exposed through transparent plastic
window 330 of adapter.320. After the first dose is
dispensed, both continuous counter ring 590’ and

20 intermittent counter ring 620’ rotate together to
expose the numbers "19“ and "9", respectively, to form
the number "199" which is exposed through window 330.
After the next nine doses, only continuous counter ring

: 590’ rotates one increment at a time for each dose.

25 After the number "190" is exposed through window 330, .
the next dose results in both continuous counter ring
590’ and intermittent counter ring 620’ rotating to
form the number "189". This operation continues until
the number "00" is exposed through window 330. At this

30 time, intermittent counter ring 620’ has been rotated
to a position so that dose limiting tab 632’ abuts
against dosage limiting wall 243’ of base 200/, to
prevent further relative rotation of powder housing 20
with respect to metering dose plate 180.

35 In order to cause such rotation of continuous
counter ring 590’ and intermittent counter ring 620/,
spring-biased pawl assembly 640’ includes a pawl 654’



description which follows. 38

In order to ensure that the powder is de- aggl oner ated and properly
m xed with the suction air fromthe open upper end of upper venturi
condui t section 68 of venturi conduit 64, a swirl nozzle 380 is 5
mounted to the upper end of reservoir body é. Air whi ch cont ai ns
aggl oner ated powder particles flows from upper venturi condui't
section 68 intohawing\ia |sukstantially tntangwlan| configyratieniion is an
i mportant funct iddiyieq neartéﬁbsﬂﬁdloﬁqiszAt,1Blastic_§Eﬁf£1”9§fkﬁg38o
i ncludes a circular top wall 382 . and an annul ar_side wall 384

ext endi ng downwff 'y A Fhown in Bigs, i HPRT104f tBaWhabP458BasSaBNuUl ar side |

wal | 384 i gt egedl S MEREh&idast a0t | 8bt¥ngaess {0 fhe outer

di aneter of pper nul ar skirt'sectéon.126 gg,dr'v 15 body 120.

Further, "thé i nr?eq%h%cﬁ REYR PR eRgEen 6 b‘é#mtﬁ% grPEul ar top wal

382 and annul ar confeilgutdt B3 as pawl 654’ is mounted on top of pawl
654’ so as to extend above spring 658’/. Pawl extension
655’ has a long radial face 657’ and a substantially
parallel short radial fécg 6597, with short radial face

10 659/ terminating.in an angled face 661’ that is

connected to the end of long radial face 657'.

As an alternative, as shown in Fig. 105, an S-
shaped spring 658" can be used in place of spiral
spring 658’. 1In Fig. 105, spring detents 224’/ and 2327

15 have been omitted for the sake of clarity.

When pawl assembly 640’ is inserted on circular
top wall 202’ of base 200’ in surrounding relation to
cylindrical boss 216’, pawl extension 655’ is biased by
spring 658’ within argear tooth 602’. However, because

20 gear teeth 630’ extend along a larger diameter circle
than'qear teeth 602’7, pawl 6547/ does not engage with
gear teeth 630’ at this time. The only exception is
when pawl extension 655’ engages within one of gear -
teeth 604’ or 606’. In such case,'because gear teeth

25 604’ and 606’ are deeper than the remaining gear teeth

' 6027, pawl 654’ can reach into and engage with gear
‘teeth 630’. Since gear teeth 604’ and 606’ are spaced
apért by ten gear teeth, pawl extension 655’ engages
. within one of the gear teéth 604’ or 606’ every tenth

30 dose dispensing, and . thereby pawl 654’ engages within
one of gear teeth 630/ at such time to rotatably drive
intermittent counter ring 620’ with continuous counter
ring 590’.

The operation of counter mechanism 580’ will now

35 be described. Lower spring retainer 260’ rotates with

' reservoir body 22 relative to metering dose plate 180
between the stored position when closure cap 520 is



Is curved to provide a snooth transition therebetween and thereby to

provi de a snooth flow path for powder - 62. In other words, the inner
area defined by circular 20 top wall 382, annular side wall 384 and inner
- connecting region 386 has a somewhat partial toroidal configuration.
The outer  connecting region 390 t her ebet ween, however, forns a
substantially right angl e in cross-section between circular top wall
382 25 and annul ar side wall 384. 67 |In order to secure swrl
nozzl e 380 onto the upper end of driving body 120, and particularly,

ont ?_ annul?,gr2 ?}:hre"aﬁieﬂ gbgﬁga lmf d;g%zﬁ #hid ity hﬂ@léﬁﬂontmszﬁimessed
sections , an are on the i of annul ar
si de wal | 384. "%bec'bs‘glé?ns gﬂ)e Pﬁfg;é % %2%% arcuat e
di st ances which are In thehiﬂxtrnﬁ ﬁasﬁnxnnilthémnumbﬁrmMﬁ%h @br r espond

|dentically wt € dhatedces ¢49FTand tn SREHberon gl b 154,
156 and 158 of r|V|ng ody f%% 1ﬁ§ ?%cesgzd sections 392, 394

and 396 ar e Spac@ntinuousounter Jing 9 T ATeRRR} tiened Rt securing
wal | s 154, e daxfspe¥ed® S Pistic¢ Wadw 334 20s0 as to display a

combined number "200" corresponding to the number of
doses remaining. Window 330 is positioned
diametricaily opposite small slot 214’ on base 200’.

10 Also, pawl extension 655’ is positioned 90°
counterclockwise from slot 214/, so that pawl extension
655’ is engaged within a deep gear tooth 604’ and pawl
654’ is engaged within a gear tooth 636'. Further,
pawl driving end wall 278’ abuts againét long radial

15 face 657’. In this position, driven ear 270’ is
substantially in line with slot 2147.

When reservoir body 22 is rotated from the closed
to the open operative position, pawl driving end wall
276’ of lower spring retainer 260/ is rotated into

20 engagement with short radial face 659’ of pawl

extension 655’. 1In this position, driven ear 272’ is
 substantially in line with slot 214’. As a result,

pawl 654’ and pawl extension 655’ are rotated in the

counterclockwise direction. During such movement,

25 since pawl extension 655/ and pawl 654/ are engaged
within deep gear tooth 604’ and one of the gear teeth
630’, respectively, both continuous counter ring 590’
and intermittent counter ring 620’ are rotated together
one increment. Accordingly, the number "19" of

30 intermittent counter ring 620’ and the number "9" of
continuous counter ring 590’ are positioned at
transparent plastic window 330, so as to display a
combined number "199" corresponding to the number of
doses remaining. At this point, metered powder dose

35 dispenser 10 is in the inhalation position in which
metered dose hole 184 is in alignment with venturi
conduit 64.



39 . Each recessed section 392, 394 and 396 includes .a | ower
arcuate ‘cut-away area 398 that extends upwardly al ong the inner 'surface
of annular side wall 384 from the | ower edge thereof. Thus, each
cut-away area 398 5 has a wall thickness |lgss than the wall thickness of
annul ar side wall 384 at positions outside 0Of recessed sections 392,

394 and 396. Each re 38@1 4 ek+1 Ncl udes
an upper arcuate grog&\(:;gé%s:d ﬁ%&k les &?n%éggaagggégéég g "each
recessed 10 sesliaan3dTagBERGnks Jdwre |h@@l<y°’a'6%v%d§8?e§v\é9° - Afrea

398. In Other‘MH“¥§56¥¥*‘fE§éEW6iﬁr f ﬁ@orbﬁates Bﬂéﬁﬁﬁosﬂthhﬁhlthalwa||
t hi ckness of annul ar S|db wa] | 384

is Less tha
t hi ckness of cutRefdkion, which ykso g@suf{s ip &P ? %ﬂ@rgg ﬁ8WBE
appr eci at ed g hatsgind regaiger 260880ni henapotkwiset didettiog.body 120.

Speci f 11y, d t
ubper Secur)ng WRHTIG SEA RS ERkEGR aFK o PorhotpLugnd' nd bITT 2Ye0
downwar d axi al fof clower agpting retainer 260'nmszret389d antodue to the

resilience of tr5554§§ﬁ+ﬁti%ﬁthﬁ£§H§n£§§g§f??§5Eysg*beag'QQW&'Qit&QQl%h

upper securing e over cut areas 398 and
‘into arcuate grd@R®Ss. 4088 acresult, rpaWin684( r Andopawd extension 655

10 are rotated in the counterclockwise direction, during
which .time, pawl extension 655’ rides out of the gear
tooth 604’ and pawl 654° rides out of the gear tooth
630’, thereby compressing spring 658’. Continued
rotation causes pawl extension 655’ to rotate a slight

15 amount and fall into the next gear tooth 602/, which is
a shallow gear tooth, for example. 'Specifically,
spring 658’ biases pawl extension 655’ ‘'into a shallow
geatr tooth 602’. Since gear tooth 602’ is a shallow .

. gear tooth, pawl 654’ does not enter one of the gear

20 teeth 630’. At this position, pawl driving end wall
278’ abuts against long radial face 659’ and driven ear
270’ is substantially in line with .slot 214’.

It will be appreciated that'Qpring the movement of
pawl extension 654’ from one gear tooth 602’ to another

25 gear tooth 602/, pawl extension 654’ rides against pawl
dfiving end wall 278’. The reason that pawl driving
end wall 278’ extends radially outward past arcuate
pawl driving wall 274’ is to prevent pawl 654’ from
moving past pawl driving end wall 278’ into alignment

30 with arcuate pawl driving wall 274’, since this would
‘otherwise prevent compression of spring 658’ and
thereby prevent pawl extension 655/ from moving from
one tooth 602’ to another tooth 602’. '

This operation is continued for each dose. 1In the

35 case where pawl extension 655’ is not engaged with one

of the deep gear teeth 604’ or 606’, pawl 654’ does not



380 on driving body 120. It will be appreciated that, 25 I n such
position, first and second outer air passages 150 and 152 extend

i nwardly of annular side wall 384 to supply secondary- air flow thereto
whi ch m xes with the ai r/ powder m xture fromventuri conduit 64 which
IS al so supplied to the interior of angglar side wall 384. 30
Crcular top wall 384 has a central opening 402, and a supply chi mey
404 is forned orehndegeppithsarfaae toothoé30f | cabathatpondyl tB&84 in

surrounding el aLi g hSous coSEOLELIRICRLND d8R1a pe rotateh Order to

break up the po aggr ome rror to sup € sane through
supply chimey 404, It walbubeedpppecaatedkthaﬁlconb@ngnuénqguntanmardly

from ci r cul {nd 0go yal +?§8§neag%i& ERENEGLAHeR! rfg 828+ 4BEnnot

40 to annul ar Side eci f1 cal curved wal | 406 extends
ina curV|I|%earrﬂ%%ﬁ%r1?r5h?eﬁa°gbﬂlsﬁn€1re° ion because of first and

second rotation prevention spring detents 224’ and 232/
which engage with gear teeth 602’ and 6307,
respectively.

Accordingly, with the present iﬁvention,'a counter

10 mechanism is provided which has a high counting '

. capability of doses dispensed or remaining to be
dispensed. Specifically, there are two separately
rotatable counter rings, one for the ones digits of a
counted number and the other for tens and hundreds

15 digits for the counted number, with the counter rings
being rotatable along the same common axis as the
powder housing.

Further, a swirl nozzle is provided in which. there
is improved micronization of the powder and improved

20 mixing of the micronized powder with suction air.
Specificaliy, the powder first changes direction from
an axial direction of the inhalation or venturi conduit
to a transverse direction subétantially perpendicular
‘to the axial direction; continuously changes direction

25 in a spiral manner in a swirl cavity extending in the
transverse direction; and upon exiting the swirl
cavity, changes direction back to the axial direction
through a supply chimney, while retaining a swirl
component of the flow.

30 Still further, with the present invention, the
metered powder dose dispenser is automatically primed
every time that the closure cap is threaded thereon and
is automatically ready to use every time that the
closure cap is threadedly removed. If multiple

35 actuations are desired for the dose at a given time,
the user is not required to repeatedly remove and
replace the cap, but can simply perform the reciprocal



partialdy about central opening 402 to an opposite end 410. Thus, a gap
409 is provided between end 410 and 5 the remai nder of curved wall 406.

- The -hei ght of curved wal I. 406 is equal to that of -annular side wall 384
SO that the | ower edge of curved wall 406 sits on circular top wall
122 of driving body 120 when swirl nozzle 3?8 is assenbled with driving
body 120, as described above. 10 Curve walf*406 is effectively formed in

two sections, t _section_406a_extendin aII bout
contrart oo ng HRSAETRY of hEBErTERE) RBpRP Br kR BocRTgrs o (0L
406b extendi ng fdewiceewbhlleoholldinyg the Q&heropommi&mnsﬁataqnﬁnnw snmﬂace

of annul ar si de 8 | r iU ?géégyg
406a. _ Wth ?Qéieéé Fgétégﬁd?ggchéﬁég% uh%ﬂ}a |us to t center
of venturi condu@9564lsséééﬂd section 406b preferably | eaves or

di sengages f50n1Centrﬁévﬂﬁgnaégcrlbed4Q§eéhf§& prelrerdled tibod iIRIrls of
15[err] parallel, to such us Line, re rg.ess of the size of swrl

‘nozzl e 3g0. the inventign With pefgrence & FSFETRAM D6 defi nes
a swirl cavarawings, stithwtilat beheppreddatiedothatnttive presemondui t 64

LTS o Il CahhvefitecndsCRAL 14RIECH £8 il SRl i Adds | -
i ncreases in Ve|OCI entering suppl i ey t he
powder agglandrthet vgnspastppangpacandgquﬂfugatinnﬂ aagp be mall
382, a””“'aios'd@f%@&iea8€hégglﬁuB&e@ﬁWan Hainary UK SivHe G LY

412. Further, the aggl onerates
: without departing from the scope or spirit of the

invention as defined by the appended claims.



30 collide with each other.mhich results in a nutual grindi ng or

shattering action between the aggl onerates. At the_sanme tine
secoendary air flow from first and second outer air Passaoe 150 _and
152 enters .swirl . chanber 412, as indicated by arro\8isghe : Replaced
respectively, to accelerate novenent of th@&lpowder ag i

swrl cavity 412. The constant inpacts of the powder ] = n
the wal | s defi nHHATsESr CLAIMED IS: ) 41

cavity 412 cause the agglonerates to break up into m croni zed powder
upon inpact. ‘Basically, as long as t he pgwder aggl onerates travel with
suf fici ent del ocAt PovarE, & nsgx &S ki netic energy to 5

' Erele?iéalup the 2?%' grgg@h?ﬁr ho_usl_ing_ meahish@®or hailddng Rasyppdy difng a merely
art, curved \a/al PO¥gST, ﬂd,‘“gﬁ?ﬁh%&u%é; %C?t hg\r,‘?ﬂp%fr,s%d}oésg/iﬁ fq’}’ﬁ& H%Slsstinc%galgg;
the direction omepmsddncd®ding an inhalation conduit extending :
therethrough in a first direction, in displaced
relation to said supply of powdered material;
metering platé means for holding a metered amount
of said powdered material, said metering plate means
including metered dose hole means for holding said
metered amount of said powdered material, said metering
plate means being positioﬁable below said supply of
powdered material, and said metering plate means and
said powder housing means being relativély bi-
directionally rotatable with respect to each other
about a dommon central axis so that said mefered dose
hole means can be placed in fluid communication
selectively with said supply of powdered material or
said inhalation conduit; ' '
spring meané for biasing said metering plate means
and said powder housing means toward each other;
rotation limiting means for restricting relative
rotation between said powder housing means and said
metering plate means to a predetermined angle;
counter means for providing a visual count of the
number of doses of said powdered material that have
been dispensed or remain to be dispensed in response to
said relative rotation of said powder housing means and
said metering plate means, said counter means
including:

_counter ring means for providing said visual
count, said counter ring means being rotatable about
said common central axis and having counting indicia
thereon for displaying said visual count, and

actuating means for incrementally rotating
~ said counter ring means in response to said relative

I

TR R



10 ~ froman axial direction of venturi conduit 64 t tr ns er% c
di rection substantially perpendicular to the ?ﬁrs
transverse direction, powder - 62 is then forced to ange

direction in the transverse direction of swrl cav
exiting swirl cavity 412, the direction of 7Bowder 62 is agarn changed

to an axial direc h thyo uppl ¢him 404, while retaining a
swirl conponent® 8%a€ﬁ%n Legg??ﬁmggﬁﬁaPeFﬁrlﬂﬁr gg Peans and 5333 ¢ hr ough
chi mey 4ngw&hnchoubeng1meanezednﬂomder and any renarning 20

aggl onerat es nai ntal Elégfaﬁ%éknénﬁﬁ%ﬁg Qﬁfx%ho BFO% samf‘ééordnt% Ly

412, the swirling fl ntr uga orce to mcroni zed
powder and indieiai ﬁgomggaodecauasercreagr neansgdilsi displiayesctto in

supply chimey {04;88t&Sa tEoﬁﬂéubbri-BsEBPhﬁﬁng '%e%kh%b%'} dqug sddor

remai ni ng aggl oner at es. |.onerate bre up, shoul d
t ake pl acePONBRESEr MakRT Al Fhé§vhﬁ§'e4PEenT ispensed; wr remagdn fided

by an aggl oner abe d¢gpafseqn the drag or . suction force, the inertia of
t he aggl onerate, and the 30 | ength of swirl cavity 412, that is, the tinme
the drag force acts on the aggl onerate. Because of its inertia,

the aggl ormer at e2i npaThe powader dispensercaccoydih®y tteo claincanvdiurther sane

to m Cro“' zed pﬂqgggdlngt an uppejczi‘ dlspﬂgbﬁ.ﬂ‘to 162 P %‘iﬂ%q‘é% RS es,

swirl nozzle nal onstr ex anple
t he pressure dr ¥p cantagh whathpsaddr metexiag Plate means, said upper

support plate having an opening larger than said
metered dose hole means and in alignment with said
metered dose hole means when said metered dose hole
means is in alignment with said inhalation conduit, and
said retainer means includes a material secured to an

~underside of said upper support plate and formed by a
material selected from the group consisting of a
gas-permeable filter, a mesh screen, a pbrous material
mesh and a perforated plate element.

3. The powder dispenser according to claim 1, wherein
said'powder dispenser includes a base having an axially
extending retaining post thereon coaxial with said _
common axis, and said counter ring means is rotatably
mounted on said base in surrounding relation to said
retaining post.

4. The powder dispenser accordiné to clainm 3, wherein
said counter ring means includes a continuous counter
ring having counting indicia thereon, and an
intermittent counter ring coaxially mounted with said
continuous counter ring and having counting.indicia
thereon.

5. The powder dispenser according to claim 4, wherein
said continuous counter ring has gear teeth
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should de5|rab| Pgﬁe& | gut 20 inches of a

42 . wat er ease of use by persons with | mpai red
respiratory funct C|ently high to permt significant
primary air flom1 | dose hole 184. The pressure drop

t hrough swrl nozzle 5 380 can be changed Py varying the angle a between
end 410 of first section 406a of curved wall 406 and the position

where first secthenedféundpdsadédointermittent coupteroringr hag @eRK 406

meet, that is, %@%éﬁ Fﬁ&?ggroundseﬁhaog ﬁﬁGQckﬁafgﬁgCﬁEhh§|19&&&6&% 402, as
shomn in 10 Fi resent ?erre ten%Rt ais about

165[err], aIthoﬂgﬂltﬁPBnﬁaPDﬁaﬁﬁychAHQesEéBeﬁ&Pﬁg upEnseRg r equir ed
pressure drop. contlnuousFébﬁhﬁér ﬁﬂngnan&aéaEEUEhneem&txea&rcngnW&kl 418

f
ey Com (FARBOEpry BpEAEEng, s81a° Bt 1hBBul  couhet 2ingPRERT I TONT1Y

increment each time that a dose of the powdered
material is dispensed to display another one of said
counting indicia of said continuous counter ring
through said display means, and for rotating said
intermittent counter ring one increment every
predetermined number of rotational increments of said
continuous counter ring to display another one of said

. counting indicia of said intermittent counter ring
‘through said display means. '

6. The powder dispenser according to claim 5, further
including spring means for biasing said pawl means into
engagement with said gear teeth of said continuous
counter :ing.and said intermittent counter ring.

7. The powder dispenser according to claim 6, wherein
said pawl means includes a pawllfor engagement within
the gear teeth of one of said continuous-counter ring
and said intermittent counter ring, and a pawl
extension secured to the end of said spring means and
positioned at a height above said pawl for engagement
within the gear teeth of the other of said continuous
counter ring and said intermittent counter ring.

8. The powder dispenser according to claim 5, wherein
said gear teeth of said continuous counter ring are
arranged in correspondence with said counting indicia
thereon, and said gear teeth of said intermittent
counter ring are arrangéd in correspondence with said
counting indicia thereon.
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the%ee+——ﬁs—a'Té§ﬁTT_ an annul ar | edge 420 is forned on the upper

SWE 8F6et s BodrcRéprcetiop wal | 382, outwardly of annul ar nout hpi ece
sec Further, an annular |lip 422 extends outwardly in
theug ction fron1the upper end of annul ar nmout hpi ece
secu | A nout hpi ece 440, as shown in Figs. 3, 4 and
51- 55, is secured to the upper end of swirl nozzle 380.

Nbuthplece 440 pRnclu r als 5
annul ar si.de wall 44iﬁ§ego @i\“ alg}éeh@%&ﬁ%@#ﬁﬁ@grﬁ@tﬁygg Ehe‘%/fﬂ%f?op

wal | 442. Becauthe geart&ﬁeﬁélPf4§219a§°§§$§¥9q§I9P
configuration o piaedizegause sqtcb@.mwwl&rsﬁ:wa:gwaummmfa o ddestal |

“cor respond ﬁgrib‘é{é pofpefneesl ane secohd gegr iqthef f GEStAdTY
in a diverging geeater depttnmmad:mmd)tsiwandrlgaan oadth dbeing of the
devi ce are R3¢ Andd $ %& % vér Ve sdla

1 5 over

course, since tRe User s nout nDut pi ece, the various
edges thereof afdrstugéad. teeth, and,ﬁﬁkﬂx%ﬂﬁﬁfmﬁﬂﬁﬁﬁ$cﬁ?ﬂ?%ﬁﬁyr¥%9ned in

top wall - Hfcludes RPHIARUIIY dhidiedilsfvd el apeds atestiaper
a depth equal to the depth of each said second gear
tooth of said continuous counter ring so that said pawl
means engages with successive ones of said first gear
teeth during successive dosing operations and engages
with one said second gear tooth and a third gear tooth
of said intermittent counter ring after a plurality of
the dosing operations.

10. The powder dispenser according to claim 9, wherein
said first and second gear teeth are formed on an inner
éurface_of said continuous counter ring and said third
gear teeth are formed on an inner surface of said
intermittent counter ring.

11. The powder dispenser according to claim 5, wherein
said pawl means engages said gear teeth of said
continuous counter ring and said intermittent counter
ring to rotate said continuous counter ring and said
intermittent counter ring in a first rotational
direction) and further including detent means for
preventing rotation of said continuous counter ring and
said intermittent counter ring in a second rotational
direction opposite to said first rotational direction.

12. The powder dispenser according to claim 11,
wherein said detent means includes first rotation

. prevention detent means mounted on said base for
engaging with one of said first and second gear teeth
to prevent rotation of said continuous counter ring in
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surface of top wall 442 in surrounding relation to openln
mout hpi ece 5 440 is seated on swirl nozzle 380, connecting tu

receives the upper end of supply chimey 40% of swirl nozzl e 380

"t herein. In order_to secure mout hpiece 440 to swirl nozz]e
1380, the |over &ddbsegend watatdenalsdiregtian aﬂn%rsﬁ@n%rﬁ’ﬂi‘l'-%ﬁ'l%fhape

fAt thg i nner S:er‘r%\i/&rﬂj‘ldﬁldvéﬁé}wrmé&ﬁb mourﬂfecﬁldiehwid fdnerglls ' ]
ornmed an annu ar - S, oj ect i C war in the
r adi al di re&H '\% %lﬂ'ﬁ*’p gesa&fg fﬁ?‘ﬁ%h ??16 t(r}h E%I,ﬂf ert nozzl e
380 and pressed mhatndrerqa&)rsamlmﬂmﬁlttaﬁﬁ aduriter smindg imwzedid 380, due

to resilience ofgd Lasdds Y . LI des over V-shaped projection
454, so that V- Jb%dghapedc}glpor%ajlecﬁ%\ Zgi{r etains annular lip 422, and -

43 *and the lower part of which has a circular shape, placed
Figs. 52 and 53. An annul ar connecting tube 452 is forrre 'HIE‘BH

t hereby nouthpi ece 440, on swirl nozzle 380. In such position, the :
| over edge of siyde WatHe 4ststecidst %ﬂf]pe%&er %&ﬁilﬁgedw é‘f@lﬂfssv’d:ﬁéré'fﬁﬂ e
380. . An alternatlve enb nent. of nozz] e, 380 nout hpi ece

440 i's shown inSHE ASFHHAND RN HPRher includes pavl ariver means
for incrementally rotating said pawl means, said pawl

driver means including a retainer rotatably mounted on
said base coaxially with said continuous counter ring
and said intermittent counter ring, said retainer
including first pawl driver means for engaging with one
side of said pawl means to incrementally rotate said
pawl means in a first rotational -direction at the end
of rotation of said retainer in said first rotational
direction and second pawl driver means for engaging an
opposite side of said pawi means to incrementally
rotate said pawl means in a:second, opposite rotational
direction at the end of rotation of said retainer in
said second, opposite rotational direction.

14. The powder dispenser according to claim 13,
wherein said first and second pawl driver means are
formed as opposite edges of an arcuate pawl driving
wall connected with said retainer.

15. The powdér dispenser according to claim 13,
wherein said first and second pawl'drivet means are
formed as radially extending pawl -driving end walls
connected with said retainer.

16. The powder dispenser adcording to claim 13,
wherein said first and second pawl driver means are
spaced apart by a distance such that rotation of said
retainer by a first arcuate distance causes incremental

I



nozzl e 480 shown in Figs. 56-58. SpeC|f|caIImisShaﬁWQHBb&hﬁé ade@zzl e 480
i ncl udes an upper section 482 25 having a S|n1la and
di mensions to those of nout hpi ece 440. In t per section

482 of nout hpi ece 480 includes a general |y wal |
484 with a cylindrical side wall 486 depending domnmardly fron1the
peri phery of topotkatiorsaf maidipawsh means vy | a 48econd smabheraatguate
rectangul ar confy;@=aiden and because of the annular configuration of
side wall 486, opposite sides 488 and 490 of side wall 486
corresponding to the I engthw se sides of top wall 484 sl ope upwardly
in a diverging lelnefTﬁé)Vﬁdvihéiath.@éél%er ?échf&lhgpﬁooélﬂlﬂSQB of the
device are placeqlon Sid d8 and 490 duri ng, |nf éatlon d cour se,
since t he e¥ein said powder housing means jncludes halding. '\ i's

pl aced over nouesErecefor hmameyimyissaid relg@inéhewith saikdppewderbl y
rounded. housHE TEEE AFAG £8a T HEILEIvENFLLEE ot bGEen
- said metering plate means and said powder housing means
about said common central axis.

18. The powder dispenser according to claim 17,
wherein said holding means includes at least one drive
slot in one of said powder housing means and said
retainer, and at least one drive ear in the other of
said powder housing means and said retainer, said at
least one drive ear engaging within said at least one
drive slot.

19. The powder dispenser according to claim 5, wherein
the gear teeth of said intermittent. counter ring have a
configuration with an outer, substantiaily
circumferentially extending portion and a sloped
portion extending inwardly from said circumferentially
extending portion.

20. The powder dispenser according to claim 4, wherein
said continuous counter ring is rotatably mounted on
said base, and said intermittent counter ring is
rotatably mounted on said continuous counter ring
coaxially with said continuous counter ring.

21. The powder dispenser according to claim 4, wherein
said intermittent counter ring is rotatably mounted on
said base, and said continuous counter ring is

" rotatably mounted on said intermittent counter ring
coaxially with said intermittent counter ring.

-_
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section-492 f oryickrakbt HdiBdenReplacsttl of upper section 5  482. Lower

section 492 inclu | groove 494 al ong the inner surface
t hereof, which semumm[“ﬁ ' purpose as upper arcuate groove 400 of
swirl nozzle : I wor,ds, ~due the resilience of the

~plastic elements, radially extending ribs 0 of upper 10 securing walls

154, 156 and 15830f @rﬂeVidlﬁlé&dﬁi%rﬁé'r accor begl did i M St @-tHde

groove 494, so as to retain . nout hpi ece nozzl e 480 on driving body 120.
A swirl cavity £RESIANted i nsi de of nout hpi gce nozzle 480 at a

posi tion above retai MoXp 1@ MRehs!Tor Breakilify vl eiddlomardtes epnt our of

swirl cavity 496 resenbl es .t sha f. an Jnverted tornado, as shown
Tn PR Y s bougendd Bty Tl Mrch aais IntRLA DD RoRdu e Ko g
conti nuously chariginopizied ppwddred aditeridl wnd for mixirggesid

exponential |y b%i%l{é&’%&vd ni%{:te‘iirazlo withl %lc?cf’én raf “ss%:{c?”] *
c[err] to an uppér circle radi us c er;ﬁ. "The origin of The
conti nuously ch&®fzie @eadis includingi@idiher by designators a and b which

correspond to the X i) YA inkHAs £ chdlid g €ife Mird&€idn NOVes
in a circle which changes. with depth. Therefore, not onl does

A 25
the radius chan§f HAY RHieid,Rovwder, TR sfid)ifrrst digehirn 9| e al so
changes with demaid inhalationllcomiuit it d Beddad idivedoion Wdisferentt our

Ic[ser r] * az[ ]:a(rjlri % Sa‘v];fﬁierfeiras t %j[re"zr‘:rﬁi‘{ﬁ('s fgr{%fzéa'%]éﬂ’ ](nggﬁierej?ﬁr’% ;ngl[ el
substantially continuously changing the direction of
flow of said powder in said second direction in said
cavity means; or
_ (b) an outer wall defining a conduit having
a shape substantially of an inverted tornado.

23. The powder dispenser according to cléim 22,
further including lock-out means for preventing said
relative rotation of said powder housing means and said
metering plate means after a predetermined number of.
doses have been dispensed.

24. The powder dispenser ‘according to claim 23,
further including a base on which said metering piate
means ié non-rotatably mounted and an adapter
non-rotatably mounted on said base, said lock-out means
including a dosage limiter tab on said adapter, and tab
means on said counter means for engaging with said
dosage limiter tab when said predetermined number of
doses have been dispenséd. '

25. The powder dispenser according to claim 1, further
comprising closure cap means for covering said powder
housing means and for priming said powder disﬁenser for
use, said closure cap means-including priming means for
rotating said powder housing means such that said

oy
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b = b [err] * cosine ( ered * Lerrl). The exponential coefficient k

def i nesThiggh the tornado spiral, and for an upper radius of
apprOX|nat err] inch) and a |ower radius of 35 approxi mat el y
25. 4 nn]( Iue of k equal to 44 13 was found to operate
satisfactorily. 45 It

wi Il be apprec'§B§Q15Q§BntE%nﬁggfelﬁqqﬁtH@&ﬁdﬁlcatﬁbﬁﬁﬂmﬁﬂls&ldﬂlthe
general equation h

circle, that is. x[err err r, wh i
the radius of tRetered gose hotgemeamst WheR ﬁﬁ%4n9 ]QQﬁtm%ﬁnéﬁé?r '

tornado 5  equakbmeRelialfeomnicovesdndg rellat idharg aickHowde Hdwsing
circle, while the additi,o

al ter .at the yight, t t he
changi ng hei ght PEPFe AR &PT: KLt 1q§ & efﬂh %ﬁﬁglréﬁlal H el ght of
z =0 at the thatwesaid dr@arlartad:ms:omdind:f itsheuthiast icommunicatian

Contour,'e[err]wggﬂggal% ey ddie HAY mddis Ynd Wuch that said
) powder supply opening comes into communication with
said metered dose hole means when said closure cap
means is secured in covering relation to said powder
housing means.

26. The powder dispenser according to claim 25,
further including adapter means rotatably mounted with
respect to said powder housing means and non-rotatably
mounted with respect to said meterihg plate means, said
adapter means including first helical threads and said
closure cap means including second helical threads for
engaging with said first helical threads to threadedly
connect said closure cap means on said adapter means.

27. The powder diépenser according to claim 26,

_ wherein said powder housing means includes at least one
driving recess and said priming means includes rib
means on an inside surface of said closure cap means
for engaging with said at least one driving recess to
rotate said powder hoﬁsing means such that said.
inhalation conduit is in communication with said
metered dose hole means when said closure cap means is
threadedly removed from said covering relation of said
powder housing means and for rotating said powder
housing means such that said inhalation conduit is out
of communication with said metered dose hole means and
such that said pdwder supply opening comes into
communication with said metered dose hole means when

_ said closure cap means is threadedly secured to said
adapter means -in covering relation to said powder
housing means.
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equation reduces to c[err] + ¢[err], which is the radlus i

of the interior surface contour. On the other hand, afs et

assunmed that z = [err], whereby clerr] * e[err] =0, HF] i

radi us at the upper end of the 15 i nterigr surface contour

ggeér]. v g Wth this arrangenent t A2 outlet of ventur| condui t
irectly disgharges t ornado .Swr cavi r|n

travel therethrgggh St 8““ er §§1SWEPXP§§ P&Sﬁ@Pse§a|ﬁ§t %%% Rl )

defining the 20 i naecootinwchac eonntesuring Mgcmmv-m mdwm@by

breaking up they ﬂggggﬁgrates i nto m cronized.powder . : It will be

.appreci ated by those éV|ng skill in the art that the nouthpjeces can

readi |y be altered t@n integaiftentassunter ¥ing sdiacenfedia S44 s,

wi t hout 25 chéaaltriaubl&% icougited raorf, eahid iigterid tisNYouitey ring the

swirl nozzlés t he exterlor sj,ze and shape of t he nout hpi ece wil |
require nDdlflcﬁﬁvgﬁgf Gountdng indiciy %%gr on Referring now to

Figs. 59-63, a closuddspipy>iRanss dMrou mlﬂd:m@néeroﬁjtsaeidjimts‘mg 10 is
provided s @ spaschQSWhbnd 0o IPUSRIE oA bhP ST B

functions to prl St STose spenser
Specifically, clsgsdr @owqctzsm inddaige £rom Haigd intermitdhiank étleﬁﬁH ar

covering wal | %%ng;'a% 'd&sgl%m #o Fhaiddte laor&furﬁmtdmésggm ) |t

circular top wa | ower annul ar_ securin ég
| arger di anet e numb%ﬁ ganas ol paxderedatesia as‘iaé't?r‘é‘%i edarf he

| ower : dispensed or remain to be dispensed; and

actuating means for rotating said continuous
counter ring one increment each time that a dose of the
powdered material is dispensed to display another one
of said counting indicia of said continuous counter
ring, and for rotating said intermittent counter ring
one increment for a predetermined number of rotational
increments of said continuous counter ring to display
another one of said countihg indicia of said
intermittent counter ring.

29. The counter according to claim 28, wherein said
powder dispenser includes a base, and said continuous
counter ring and said intermittent counter ring are .
rotatably mounted relative to said base.

30. The counter according to claim 29, wherein said
continuous counter ring has gear teeth therearound,
said intermittent counter ring has gear teeth
thefearound, and said actuating means further includes
‘pawl means, engaging with said gear teeth of said
continuous counter ring and said intermittent counter
ring, for rotating said continuous counter ring one
increment each time that a dose of the powdered
material is dispensed to display another one of said
counting indicia of said continuous counter ring
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46 *end of annul ar covering wall 522 thro nn Uée%nRe laced

frust o-coni cal connector 528. The |ower end of rong skirt
- 526 ts open. Further, the inner . dianeter ecurlng

skirt 526 is. 5 sllghtly | arger than the outer er

annul ar wall 332 of adapter 320 so as to fi&0 thereover I n order

to secure closure cap 520 onto netered powder dose di spenser 10, and

particul arly, ithrengh sgid d%ﬁﬁlﬂM(ﬂeqnﬁﬁninduﬁQixiqﬁﬁﬁlagcﬁﬁkﬂe hel i ca

. thread 530 10 1H%é¥ﬁﬂﬂ%éd¥‘d&ﬁhﬁéﬂ“¥1ﬁ§”&ﬁéﬁhﬁﬁréﬁaﬁi éﬁﬁ%*
securing skirt 526.. Thus,, when closure ca i nserted_over _powder

" housi ng 20, swi Preferarained ymber o %Rﬂ?LM&PCFEﬂ?Qﬁﬁ 523383530 of
~closure cap 520contlrﬁ.iiﬁt§id:ﬁiﬂrvtémm wtdhsim&y eanethenl ondrendsabd of

15 adapter 320, .l 1he J.ower qe o nul ar securing skirt
526 Sears on tneiining AR AR VRN eoumeel RIS,
adapter 320. |t thridughe said display means.

31. The counter éccording to claim 30, further
including spring means for biasing said pawl means into
engagement with said gear teeth of said continuous
counter ring and said intermittent counter ring.

32. The counter according to claim 31, wherein said
pawl means includes a pawl secured to the end of said
spring means for engagement within the gear teeth of
one of said continuous counter ring and said
intermittent counter ring, and a pawl extension secured
to the end of said spring means and positioned at a
ﬁeight above said pawl for engagement within the gear
teeth of the other of said continuous counter ring and
-said intermittent counter ring.

33. The counter according to claim 30, wherein said
gear teeth of said continuous counter ring are arranged
in correspondence with said counting indicia thereon,
and said gear teeth of said intermittent counter ring
are arranged in correspondence with said counting
indicia thereon. '

34. The counter according to claim 30, wherein the
gear teeth of said continuous counter ring include a
plurality of successive first gear teeth of a first
depth and at least one second gear tooth of a second,
greater depth, each said sécond gear tooth being

- positioned after every predetermined number of said

- first gear teeth; and said intermittent counter ring

includes a plurality of successive third gear teeth of
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appr eci at ed tha @eQﬁR é@ﬂ of | ower annul ar securing skirt
526 is substant th t he 20 outer diameter of | ower
annul ar wal | 322 o ﬁ“ m \I%‘m" - to provide a relative snooth,

conti nuous appeara der to a| in the renmoval and closing of
cl osure cap 520, the outer surface of }omer annul ar securing.

skirt 526 is foﬁnagg@h qﬁaggfgpfgg aHbEﬂCSf5é%cLOQEE§ geconfl) gegul ations,

knurling or theli nce gri ppi ng rotating o closure
cap 520. toothsofii §éi!|§s§Qn‘&569@uscF’@ﬁﬂi"—@rcéfﬂn926°aft§étséﬁ\}€s PRyl

prinme netered pRrYHRE QﬂﬁﬁggésﬁiﬁﬁeéuégeggﬁvésQnes of eR4d ffisat Year first
pair of parallel, axial

extendin t. b 534
formed on thet Pnﬁ&F GrFHE&eéﬁlgﬁogGFé acepgfg%r pr|n1n% gags e

di stance down fwathf bnet eadamseabnaogeaet Q.bo'.ﬁﬂBotfmsald corita\moumnul ar
securing skirt second

A i ahl i ng,
spaced apart pr?ﬁlﬂﬁerl n§5a%%5§g aﬁglgltgg% r %é %é'¥ﬁﬁ§%'gﬁrfgce of
cl osure cap 1n§§0m1&t&a&dcngn&exnxhhgda@t&mta @@mwammﬁm-mﬁhéﬁua

coni cal connectags§g§ ggggakgwgg.annular securing skirt

35. A counter according to claim 34, wherein said
first and second gear teeth are formed on an inner
surface of said continuous counter ring and said third
gear teeth are formed on an inner surface of said
Antermittent counter ring.

36. the counter according to claim 30, wherein said
pawl means engages said gear teeth of said continuous-
counter ring and said ‘intermittent counter ring to
rotate said continuous counter ring and said
intermittent counter ring in a first rotational
direction, and further including detent means for
preventing rotation of said continuous counter ring and
said intermittent counter ring in a second rotational
direction opposite to said first rotational direction.

37. The counter according to claim 36, wherein said
detent means includes first rotation prevention detent
means mounted on said base for engaging with one of
said first and second gear teeth to prevent rotation of
said continuous counter ring in said second rotational
‘direction and second rotation prevenfion detent means
mounted on said base for engaging with one of said
third gear teeth to prevent rotation of said
intermittent counter ring in said second rotational
direction.
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47 .526, in dianetrically opposite relation to prinfn | N .
The primng ribs 534 and 536 of each pair are . spaced gS@FQﬁ thS%%é1Remmmd
di stance substantially equal to t he wi dt h of .driving rec'eHl Hl IMHUHM Ill
166, respectively, of 5 driving body 120, ggnd fit thereinto
cap 520 is positioned and slightly threaded onto adapter 320. In
other vords, duspng i EBubtdlr BRCERING to cARSRAYRNEuRENO Tibs 534
and 536 fall into recesses 164 an 6.. 10, Wien closure cap 520
i s removed fronineluddng PawﬂOWGéNeGbyéﬁﬁss66ﬁéé@¢ﬁimQHﬁiikﬁiﬁﬁ%ﬁ? e 184
the User. Vhen B aoyb s S o Bk o ot o S Py
e . n closyre cap i,s thre ack ., ont o_adant
prining ribs 53YekAdnsss refptably, mpunted an, Faid. bass W?‘gangﬁéé%l?
driving body 12?a§d contimuous esunterotdirigrans saish untempit@ntauses t he
sane rotation o CLViNg s y _ QHQ’ . Mant |w € ey &y 64
relative to met 8?3&1:&55%12%% sﬁ% . . %rt%hq?ablgitdolrne% ﬁolom tiL%é]v,’PwO[ e%rf.]
out of alignnenmeahs Ior emigagingewitdowne @ide ek Haid (AW} MeRRFIHC62 s
scraped into @Hﬁ%’i@m&?&"aﬂ‘i} Gotdtbe i PaEiiats in a PPYEE dose
di spenser 10 is prined. - . Wen the user‘g? ready, to use netered
powder dose rofadionad; digechion ar e e | u‘?%tc?g’v%‘?i ?Ecﬁ'ﬁ‘h apt er
retainer in said first rotational direction to cause
said pawl means to engage a successive gear tooth of
said continuous counter ring, and second pawl driver
means for engaging an opposite side of said pawl means
to incrementally rotate said pawl means in a second,
opposite rotational direction at the end of rotation of
said retaingr-in said second, opposite rotational

direction tb_cause said pawl means to incrementally
rotate said continuous counter ring therewith.

39. The counter according to claim 38, wherein said
first and second pawl driver means are formed as
opposite edges of an arcuate pawl drivipg wall
connected with said retainer.

- 40. The counter accbrding to claim 38, wherein said
first and second pawl driver means are formed as
radially extending pawl driving end walls connected
with said retainer.

41. The counter according to claim 38, wherein said'
first and second pawl driver means are spaced apart by
a distance such that rotation of said retainer by a
first arcuate distance causes incremental rotation of
said pawl means by a second smalléer arcuate distance.

42. The counter according to claim 30, wherein the
gear teeth of said intermittent counter ring have a
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25 3206. During such nmovenent, primng ribs 534T|ﬁ§1§\19§§|§ B ' are
engaged with driving recesses 164 and 166 of aiﬂﬁ:ﬁl , cause

opposite rotation of driving- body 120, and the condU|t
64 relative to metered dose hole 184, g» a p03|
Thus, as soon as closure cap 520 is renoved, netered dose hole 184

mhlch Is fill ed conbigaratiofZ2with an outeralsgbstahtmalmyventurl condui t
O o1 reacy [ 0ksrounel IOALRLY S0 oFPERG1ES BBKE1ER 8RE%' B1BpAN] O°, 2NV

addi ti onal primng on 20 is.
removed. O cxnp@ethnseehendlng tovaudby from spidacducumfprenpis2dy
removed by rotatipgeR@IHS  portiolouUsi ng 20 back and forth relative to
‘adapter 320. - 48 Furt her,
closure cap 520 includes three - equi angul arly spaced protrusions 538

formed at the 431nnenesuéﬁﬁﬁerOQcaerainggtuabla5ﬁ229$paneéeansgaha

di stance fronltogoxglnuogé counter ring is rotatably mounted on said
base, and said intermittent counter ring is rotatably
mounted on said continuous counter ring coaxially with
said continuous counter ring.

44. The counter according to claim 29, wherein said
intermittent counter ring is rotatably mounted on said
base, and said continuous counter ring is rotatably
mounted on said intermittent counter ring coaxially
with said intermittent counter ring.

45. A nozzle for reducing particle size of
agglomerates of powdered material from an inhalation
conduit extending in a first direction in a powder
dispenser to form micronized powdered material and for
mixing said micronized powdered material with suction
air, said nozzle comprising either:

(a) cavity means for changing the direction of
flow of said powder from said first direction of said
inhalation conduit to a second direction different from
said first direction, and swirl means for substantially
continuously changing the direction of flow of said
powder in said second direction in said cavity means;
or _

(b) an outer wall defining a conduit having a
shape substantially of an inverted tornado.

46. The nozzle according to claim 45, wherein said
cavity means is defined by a top wall and a skirt
connected to a periphery of said top wall in
surrounding relation to said swirl means.
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S - To protect ee R@@bé‘@ﬁt moi sture ° contam nation, a
desi ccant hol der % protrusions 538 within closure cap 520.

As shown in Fi ccant hol der 560 includes a circular
top wall 562 and a walil 564 extending 10 down fromthe
peri phery thereof. An annular recess 566 84 s forned in the I nner

surface of annular side wall 564 at the |lower end thereo
recei ving a di s@?mnotThe n°%ﬂkﬁwﬁ°?@ﬁ4%P%dFﬁscéaﬁﬂsfEca er?ﬁehsﬁédsFPpca
gel, t her eiwu:Arnraﬂmdeag dn boppéiving for neNangihyethat dirébtienr béice of

annul ar side wall, 564. hIS nn d n 5 '

I nserted within O&Lﬁfe %aa pow%ofr% S?J‘d ﬁéégégl {illg%lggg{)? tggels%ﬁ'gst I C
pi eces, amuﬁvntylme&ﬂEBsub&@amvkalbyobaQBlbnsS§3€ fiwsthat

desi ccant hol derg §80-4 foﬂel d within closure cap 520 20 adjacent top wall
524 thereof. Slight nodification to desiccant hol der 560 is

shown in the assenbled view of Fig. 4, in which an annul ar groove 570

is formed on trmhénnefhéLﬁ&@ﬁfeOiccordlﬁénﬁbaélahﬁe4va|hhﬁﬁélhoshﬁhdt@pdlSC
572 cont ai ni ng the 25 desig¢ ance with the Hresent

i nvention, a :Ebdﬁ?%ran%%ﬁﬁﬂi§ﬁ1§%Bp?saBPO§F&§d°PSP188uﬁFlﬁ&nt
nunber of doses ldwdtddvinbeabddtepewatd.or indicating t he nunber of
‘doses that remain to be dispensed, so as 30 to warn the user of inpending

powder depl etion. Mny types of nechanical and el ectrical counters
are useful. 49. The nozzle according to claim 47, wherein said

swirl means includes a curved wall extending from said
opening to said skirt.

$0. The nozéle according to claim 49, wherein said
curved wall extends in a substantially spiral manner.

51. The nozzle according to claim 50, wherein said
curved wall has a first curved wall section extending
partially about said central opening and a second
curved wall section extending from one end of said
first curved wall section to said skirt, each of said.
first and second curved wall sections extending
essentially along a circular arc, with the radius of
the circular arc of said second curved wall section
being greater than the radius of the circular arc of
said first curved wall section.

52. The nozzle according to claim 51, wherein said
curved wall is connected with said top wall.

- 53. The nozzle according to claim 51, further
including chimney means extending from said top wall in
surroundihg relation to said central opening for
changing the direction of flow of said powder from said
second direction of said cavity means substantially
back to said first direction.

[
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A digital electronic tounter—canbe u%sposed within the base or ot her
areas of the devi ceys SHadt Mds' Beeh RABILE electrically conductive '
contacts which conpl U|t at sone point in the dose |oading
oper ati on; t he EE !J lm“lsm of the required battery will be a
factor in establishi for t he devi ce.

49 Presently preferred is counter nectemi sm 580, a decrenenting
mechani cal counter that indicates the nunber of doses renmaining to be .
di spensed. 54. Ghentrwzaks Eocamdibg) te clmpmis®d wiexdin S5said

af orement | onod Tt Sindf hefOYhs % ULALLI SHEIL | A eaidPLUFeLgRtS 224

and 232 on base orenen I oned transparent plastic w ndow 330

of - adapter saqndlhifeams udtRNtAha¥is iparabel o and | pE£SeH { 0
counter ring 62&1@%@&@1 ik {d a5 G cHinéy Shedhy. 640. As

shown in Flgs 3, and 67-70, continuous

55. the nozzle according to claim 45, wherein said
inverted tornado shape is defined by a cOhtinuously
dhanging cross-sectional circular area having a radius
which changes exponentially by depth from a lower outer
circle of a first radius to an upper circle of a
second, smaller radius, and having an origin which
moves in a circle that changes with depth.

56. The nozzle according to claim 55, wherein said
inverted tornado shape is defined by the equation:
| C (x-a)’ + (y-b)2 = ¢ + ¢ * e¥,

where a = a, * sine (a, * m), '

b = Db, * cosine (b, * m),

Cy + ¢, is the radius of a lowest cross-sectional
circular area of the inverted tornado shape,

C, is the radius of an uppermost cross-sectional
circular area of the inverted tornado shape, |

a, + a; is the x-coordinate of the lowest
cross-sectional circular area,

a, is the x-coordinate of the uppermost
cross-sectional circular area,

by + b; is the y~-coordinate of the lowest
cross-sectional circular area,

by, is the x-coordinate of the uppermost
cross-sectional circular area,

X, Y and z are x-,'yf and z- coordinates, and

k is an exponential coefficient which defines the
geometry of a'spirél'of the inverted tornado shape.
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countenr ri mgsgﬂ&tuﬁshgé MR&pid¥da di sc 592 having a wal | wth a .
substanti al | y ross-section. An outer annul ar | edge 594 is
formed on. th m15 edge of disc 592 by cutting away disc 592

t her eat . wer annular |lip 596 axially extends from

the | ower, outer edge of disc 592, as a’knooth ext ensten—of—di-se—592,
but of a | esser cross-sectional wdth. As a result AAMENDED OTUIME

| edge 598 ¥HAR IS (CLAIMEDJISine | ower edge of disc 592.. Im This regard,
continuous counter ring 590 can be seated on base 200, and in :
particular,,inn .upon circular top wall 202
of base 200:L and annl.}}’lgggg é&ﬁ‘p tng

g? 6 seats on a nulgr ‘29 e 206 of
base 200 in 25 P%iﬂerro@ﬁél‘ﬁﬁﬁgrg‘la § 07P% SO0 3r SEBB¥aPE Bf¥dered A

plurality aiatamienl aal bendiepanséd, asaidppioswtdet housing méansnoot h conbi ned

out er S“rfaﬁf‘cﬂ{dq{ %%h%ggtlopon e @E&eba Lr;ehéﬁéth&egﬁfi&aal'y, two

successi ve e printed
equi angul arﬁf‘-’(%é?lé?ﬂﬁﬁ}lcmv ip W?Pl%'eeda;ﬁ?r ignele said FYRRLE(OL ¢t hat
counting i shuwideredt RRteiian ;nuneri cal i ndi cia 600, can be used, such

as col or design "-Itc‘)*[nsii?g pégtsha a"s'ﬁ/e% tld?. % ar gﬁegﬁgngmgug dtays of the

week, and t are equiangul arly
formed on said mewdened: metieriad, taid g@mngnpééﬁﬁesﬁénﬁem@l\mlw

the twenty jutEiie ddsenBBe fidhns NE 1809 Saliadfi@tered amount of
sajid powdered .material, said metering plate means being
positionable below said supply of powdered material, and
said metering plate means and- said powder housing means
being relatively bi-directionally rotatable with respect to.
‘each other -about a common central axis so that said metered
dose hole means .can be placed'in fluid communication. '
selectively with said supply of powdered material or said
inhalation conduit;
spring means for biasing said metering plate means and
said powder housing means toward each other to maintaiﬁ_
contact therebetween;
rotation limiting means for restricting relative
rotation between said powder housing means and said metering
plate means to a predetermined angle; '
counter means for providing a wvisual count of the
number of doses of said powdered material that have been
dispensed or remain to be dispensed in response to said |
relative rotation of said powder housing means .and said
mefering plate mean;, said counter means including:
counter ring means for prov1d1ng said visual
count, said counter r1ng means being rotatable about said
common central axis and having countlng indicia thereon for
dlsplaylng said visual count, and
actuating means for incrementally rotatlng said
‘counter ring means in response to said relative
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50 » teeth 602 have the same depth in the radial direction, with th

exception t
teeth 602,

i ndi ci a 600,

gear te
a greater e
counter rin

spring deteuﬁmﬂiing ad4net base 200 engages with one gear tooth 602 at a
reven 1%k§g§m%§§néoé€§oé§% O ﬁ&e7f¥ ial?ngéﬁﬁéer ring 590 on

time, top
base 200.

counter rin
subst anti al
axi ally ext
extension o

hat- di anetrically opposite gear teeth.604 an@im a
corresponding to the opposite nunbers "1" of 'n

are 5 deeper than the remaining gear teeth 602,

xtent than the remaining gear
Fod-ion bekvean saidmekerdngoelatier yeanst and ofr it aveyddon

dredeiag fFGFln’éﬂlléyc%Pfd‘r&R rezas neensgis ddsplayed ke h a
|Jhdieﬁft:%nﬁuhaﬁnﬁr&$§r§§iﬂdd9ﬂg t8 a numb8¥esf %&@foé ip 624

as a snDoth

e b g1 Y Hnat, mayeBegh, 8&%8&95‘5863}' O i Dons o

dispensed.

2. The. powder inhaler according to claim 1, further
including an upper support platetpositioned below and in
contact with said metering plate means, said upper support
rlate having an opening larger than said metered dose hole
means and in alignment with said metered dose hole means
when said metered dose hole means is in alignment with said
inhalation conduit, and said retainer means includes a
material secured to an_underside.of said upper support plate

~and ‘formed by a material.selected. from the group consisting

of a gas-permeable filter, a mesh screen, a porous material

" -‘mesh and a perforated plate elenment.

3. The powder inhaler according to claim 1, wherein said
powder inhaler includes a base having an axially extending
retaining post thereon coaxial.with'said common axis, and
said counter ring means is rotatably mounted on said base in
surrounding relation to said retaining post.

4. The powder inhaler according to claim 3, wherein said
counter ring means includes a continuous counter ring having
counting indicia thereon, and an intermittent ‘counter ring
coaxially mounted with said continuous counter ring ‘and
having counfing indicia thereon.

S. The powder inhaler accérding to claim 4, wherein said

continuous counter ring has gear teeth

-

R O A |

Replaced

n

eth 604 and 606 extend outwardly in the radial -~ direction to
teeth 602. When conti nuous




result, an inner annul ar |edge 626 is fornmed at the 20 | ower edge of disc
622. In this regard, intermttent “counter ring 620 can be rotatably
seated on conti nuous counter ring 590, and in particular, inner

annul ar . ledge 626 is spaced ‘above continuous counter ring 590;

while [ ower annular |lip 624 seats on outer annular 25 | edge- 594 of

conti nuous counter ring 590. ﬂ3plurality of nuneri cal indicia 628

are printedyy, ereapg,iﬁgle pe ,?\tggﬁtﬂﬁﬂtﬁgéﬁﬁté}sréﬁ% s %’eﬁ? Eg r are

| ower annul ar
printed eunﬁﬁﬁﬁPﬁ?V?dtHEF%éﬁﬁﬁtac eatlea|ye%m% %QE%Pqﬂﬁﬂ@%V Eeéﬁ%mn in.
Fig. 74. | é&ngagingewith saa@p@eematedthhaﬁeyeid ¢ovett imumast icogntéegdi ci a ot her

t han Eﬁﬁéhggé %ééﬁ Q%ﬁt%g tbSoHnEg é#&@ %ﬁ%(ggﬁQilngfs?ﬁd week,

desi gnat i ons gna ons, Roman nu
and the |ikeongbrnucus coungex f@apnseénﬁrm‘ér%a@qm%@aﬁl $ dos®ed on

the inner sgffekg Powdditdd MmdZerialOli ECEPSPEREER th Idisplay bROth¥LNéNe

nunbers of “E”Eéi& councgﬂa %ngggiaAgk 2594 continuous counter ring
through said dlsplay means, and for rotating said
intermittent counter ring one increment every predetermined
number of rotational increments of said continuous counter
ring to display another one of said counting indicia of said

intermittent counter ring through said display means.

6. The powder inhaler acccfding to claim S, further .
including spring means for biasing said pawl means into
engagement with said gear teeth of said.continuous counter
‘ring and‘said interpittent_counter ring.

7. ~'The powder inhaler according to claim 6, wherein said.
pawl means includes a pawl for engagement within the gear
teeth of one of said continuous counter ring and said
intermlttent counter ring, and a pawl extension.secured to
the end of said spring means and posxtloned at a helght
above said pawl for engagement within-the gear teeth of the
other of said continuwous counter ring and said intermittent

counter ring.

8. The powder inhaler according to claim 5, wherein said
gear teeth of said continuous counter ring are arranged in
correspondence with said counting indicia thereon, and said
gear teeth of said 1nterm1ttent counter ring are arranged in
correspondence with said counting indicia thereon.

Sheet Has Been Replaced

AR



51 .teeth 630 have the sanme depth in the:radial di rectlon

intermttent counter-ring 620 is seated on Thi gak i ng 590
second rotation prevention spring detent 23 ngages W th
one gear 5 teeth 630 at atime, to prevent clo

intermttent counter ring 620 on base- 209, As w || be appreC| ated from
t he di scussi on which fol |l ows, gear teeth 630 extend along a | arger
diameter cirgle tdfgs powdergqaﬁaleﬁtib&&é’duﬁ;o ﬁdwa:uagaas t @rée idQ&har e

outwardly 10 __di S?ﬁ?%{(i}ed ISSB' egégg uo‘gl r e frr gm gegi whéel h 602.
6

Further, a d¥8&° Xtends U vva romthe upper
surface of dbtersbity cuff sucgendivig first gear ﬁf@ﬁt%ll of pefiveeh dapbders " 01"

a][Id " 20" 1_5t Oaﬂaeé/t?ribeast onQpﬁéé?h@ Ng&dr rm;t&ﬂﬁbdafpa\é\aebodasegf&a&ranser 10
after a rescribe er o oses n dis
exanpl e, wh e‘?aéidl‘ &?&E Fe‘dﬁg u:r?s%lh %(?mg pBSizy fone‘%e teg
di spensi ng Zéﬁerlps;azgdmmem tmmlgextacbf g3dd firsfj geagbteetdraianst dosage
limter tab éﬁ%ﬁcg?égyﬂﬁﬂﬁé £28ounter AHikf fydﬂﬁa@§|ﬂgpQﬁr$fEt§\M¥ hundr edt h
dose, 'to prevent further relative rotatlortl__hofq_g gd %gusdﬁq%ﬁm W th
respect to nEHSFESFRLtRHIRIFA g2y gheeth off |3 dspth eaugdste iy P&spect
to the operaeaduld&mdﬂsambhdrgear tooth of matiidaldoptinuobercd@temringdi ci a
628 is aligngd that said pavl means engages with successive ones of said
first gear teeth during successive d051ng operations and
engages with one said second gear tooth and a third gear
tooth of said intermittent counter ring after a plurality of

the dosing operatidns. ' ®

10. . The powder inhaler according to claim 9, wherein said
.firsﬁ and: second gear teeth are formed on an inner surface
of said continuous counter ring and said third gear teeth
are formed on an inner surface of said intermittent counter
ring.

11. The powder  inhaler -according to claim 5, wherein said
pawl means engages said gear teeth of said continuous
counter ring and said intermittent counter ring to rotate
said continuous counter ring and said intermittent counter
ring 1n a first rotational direction, and further 1nclud1ng
detent means for preventlng rotation of sa;d continuous
counter ¥ing and said intermittent counter ring in a second
rotational direction opposite to said firsttfotatiqnal

direction.

12. The powder 1nhaler accordlng to claim 11, wherein said
detent means includes first rotatlon preventlon detent means
mounted on said base for engaging w1th one of said first and
second gear teeth to prevent rotation of said continuous

counter ring in
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wi-th nunber "0" orm the nunber 200, 25 which is exposed
t hrough transpap'h Ynebt 13 [Hebn RbpISRY 330 - of adapter. 320. After the first
dose is dispense nti nuous counter ring 590 and intermttent
counter ring 620 mlml HMHr to expose the nunbers “19" and "9",
"199" . ﬁg whi ch is exposed through w ndow

respectively, to

330. After the next ni ne doses, y ‘conti nuous counter ring 590
rotates saP8Csédsii L % nglt gg)‘?e(f:ﬁ:[or? agly C@é&nd”ﬁo@at&ﬁﬁ nunber
"190" is exposed through e_next dose results in both

conti nuous BBEREErIGH Q§9§ &ﬁ6“55m°“$Fﬁ%w?ﬁt§%&ﬂ Rasitnifer ePeRIED rotatlng
to formthewith oneyafheraidl8fird J&as ﬂwmtt@rpm&nmmuatuaﬁldaf t he

- nunber " 00"sa§dema%ﬁéémugtau}%29%§ %1& Netona rotational

52 tire, intermttent counter rlng as been rotate o a
position so direttifise linmiting tab 632 abuts agai nst dosage limter tab

336 -of adapter 320, to prevent _
13. The powder inhaler according to-claim.s, wherein said
actuatihg means further includes pawl driver means for
‘incrementally rotating said pawl means, said pawl driver
means: including a retainer rotatably mounted.on said base
coaxially with said continuous counter ring and said

'intermitgent counter riné, said retainer including first
pawl driver means for engagingwith one side of said pawl
means to incrementally rotate'éaid pavwl means in a first
rotational direction at the end of rotation of said retainer
-in said first rotational direction and second pawl driver
'means for engaging an opposite side of said paﬁl means to
incrementally rotate said pawl means in a seéond .opposite
rotational direction at the end of rotatlon of said retalner
in said second, opposite rotational -direction. '

14. The~powder inhaler -according to claim 13, wherein said
first and second pawl driver means aré formed as opposite
edges of an arcuate pawl driving wall connected witﬁ'éaid
retainer. -

15. The powder.inhaler according to claim 13,_whereiﬁ said
_ first and second pakl driver means are formed_qs radially
extending pawl driving end walls conhected with.#aid

retainer.

16. The powder inhaler according to claim 13, wherein said
first and second pawl drivér means are spaéed apart by a
distance such that rotation of sald retainer by a first
arcuate distance causes 1ncremental

(LT



further-relative rotation of powder housing 20 with 5 respect to netering
dose plate 180. In order to cause such rotation of continuous
counter ring 590 and intermttent counter ring 620, - spring- bi ased paw
assenbly 640 includes a paw driver 642, as shown in Figs. 3, 4 and
75-79. Pawl driver 642 10 includes an arggate wal'l 644 having i nwardly
extending - inturned flanges 646 and 648 at opposite side edges

t hereof . Arcueetatidsin of4sahdspavhengims grea esecdrxh smallegeacewdtfed hei ght
of conti nuousg ey, ring 590 and intermttent counter ring 620. A
U-shaped retainer 650 15 is connected to the free ends of inturned

fl anges 646 -and 648. U shaped retainer 650 has a height |ess than
that of arcuata. withe po#descivhalenl accerdionp tefélaim 13, whenebpesriat ea

652, is for ”%&We@%ﬁ%&ﬁg"\ﬁlagngdffncludes fﬂ@i(}gﬁﬁ;h %&”@o§4§aﬁﬂﬁlﬁé shaped

retai ner 650. paw f or med out er convex
surface of arﬁﬁaﬂ é%&l’f’eﬁﬂllt’?hﬁgldvﬂ’l‘é‘ﬁi?favﬁmb‘?’r%rmeans Bﬁﬁngss?‘}%erted on
circul ar top weldtile? rotabien Botweéen said anstariny pdatel.means amd said

cylindrical t}?&%} fiould gg,%g b gear tooth
602. However, e%egguse gggén?ea &gn%gexten élfg‘he\éwr Fa?gér di anet er
circle than gear teeth 602, paw 654 can only engage wWith gear teeth
602 and not wigh pr@&éh maléﬁheaccordm&yt&whd Q7,i ¢hebein paild 654

engages W { Ny ol heans 1AERALELD POLPToRO%IE HER. £ASSne RiFAUSE

gear t eet eeper an t e rema ni-n
saiad powder housing means and said retalner, and at least

one drive ear in the other of said powder housing means and
sajid retainer, said at least one drive ear engaging within
said at least one drive slot.

19. The powder inhaler according to claim 5, wherein the
gear teeth of said intermittent counter ring have a
configuration'with an outer, substéntially circumferentially
extending portion‘and a sloped portion extending inwardly
from said.circumferéntidlly_extending-portion. .

20. The powder inhaler according to claim 4, wherein said
continuous counter ring is rotatably mounted on said base,.
and said intermittent cqnntér fing is rotatably mounted on
said continuous counter ring coaxially with said continuous
counter ring.

21. The powder inhaler according to qlaim:4,fwheréin said
intermittent counter ring is rotatably mounted on said base,
and said continuous counter ring is rotatably mounted on
said intermlttent counter ring coax1ally with said
intermlttent counter rlng.

This Sheet Has Been Reiplaced
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teeth 602, pawl 654 can reach into and engage with gear teeth 630.

Since gear teeth 604 and 606 are spaced- apart by ten Be placed
654 engages within one of the gear teeth 604 or 606 eve
di spensing, 35 and thereby engages within one of gear teeth :

such time to rotatably drive intermtter7 counter ring = 620 with
conti nuous counter ring 590.

53
In order to Za-asTp&V\DOG%rlml@%mnﬂn ta Clal’ge]a'r fugdPRT602, two

spaced- apar tedmptidRfig: hol ders 656 are formed at the upper end of the
concave or inner ace i, I I's bent
5 into a checkﬁﬁfﬁlsdﬂ??'bureﬁloneaﬁc %ﬁM@h ?éiomé&ééé% o%Ioi)bg}agﬁlgérger

| engt h port imatedd@lbéray $aidtimmliation copduitnke f@rhmicEosAZged hol ders
656, while thRiderl matefidh And heors hﬁrxtmk;eaath ROEE ORIz popdelea agai nst

eyl ndr} C.al mlDaQtSéSfl%i6nghbsa§§t£°2r(‘) aitrh,ers%bﬁ %%-i@gmgé‘%‘é including
 either: _ -

(a) cavity meahs for changing the direction of.
flow of said powder from said first direction of_said
inhalation conduit to a second direction different from said
first direction, and swirl means for substantially
continuously changing the direction of flow of said powder

. in said second direction in said cavity means; or

(b) an outer wall defining a céndﬁ}t having a

shape ‘substantially of an inverted tornado.

23. The powder inhaler according to claiﬁ,zz, further
including lock-out means for preventing said relative'
rotation of said powder housing means and said metering
plate means after a predetermined number of doses have been
dispensed. : '

24. The powder inhaler’ accordlng to clalm 23, further
including a basé on which said. meterlng plate means is non-
rotatably mounted and an adapter non-rotatably mounted on
said base, said lock-out means including a dosage limiter
tab on said adapter, and tab means on said counter means for
engaging with said dosage limiter tab when said
predetermined numbe; of doses have baen disﬁéhsed.

25. The powder inhaler according to claim 1, fdrther'
comprising closure cap means for covering said powder
"housing means and for priming said powder inhaler for use, -
said c¢losure cap means including priming means for rotating
said powder housing means such that 'said

I
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10 assenbl y 640 outwardly in the radial direction. This causes paw
654 to enter int-JhbT e agflar "teeth 602. As an

alternative to the muw paw assenbly 640 and flat spring .’

658, the pawl asse fabricated froma sonewhat resilient
pl astic material to have an appehda% ext endi ng downward at an
obl i que angle, this appendage acting as a spring to bi as t he paw

assenbl y agm&ia@i/&ﬂ NHridedle Q.%SinzE@mﬁﬁnlcatﬂéﬁ%ié}?dsa&laoﬁgteggd . The
oper ation o ect to

L&_gt er nechanism 5 é d

t he schenmat ‘553 e greans;¥hen Salgoc QS“ES\A‘é?ps’b??’?Fg 1r f&?“ﬁg? 2 5 Pot at es
with - reseewing idgtizh 80 seddappvder chows g meatss angl fov - 180
bet ween t he st 0¢ fith ROSId Imdmeemals%ar Re&AR 5@&1@&5 salhhriﬁaésdts?aﬁo
adapter 320 an he, |nhal atlon g cgl osur e cgg 2’6 i
renmoved frofPRELt &hs O of go 1°8 1§’Ho\)%t‘?h%a’r IBRYSFELEEFEi Bl Bet veen
arcuat e pawkeans anﬁlsudu;tmmd said pbwﬁemesugp&yrqpenﬂng cemes86into -

conti nuous 8 cdtith 543931 B.ﬁr EE?E& &Qé'é‘tr%lé 'n{&n’éowheﬁzga%gd paw

assenbly 640 en netere di spenser. 10 is in t stored
posi tion. | FlegHIFe cap mﬁ@é‘ist |’~§nseE&\KFd65E eV Felptiernte §adf ow gear

tooth 602 oOpowdert iHuittishgC@eaner. i ng 590, and t herefore, does not
engage with a gear tooth 630. 35 Further, in such position, paw driving
end 276 of arcuate pawl driving wall 274 engages with awl

26. The powder inhaler according to claim 25, fur

including adapter means rotatably mounted with respect to
said powder housing means and non-rotatably mounted with
respect to said metering plate means, said adapter means
including first helical threads and said closure cap means
including second helical threads for engaging with said
first helical threads to threadedly cohneér said closure cap’
means on said adapter means. - '

27. The.powder inhaler according to claim 26, wherein said
powder housing means 1ncludes at least one dr1v1ng recess
and said. priming means 1ncludes rib. means on an 1ns1de v
surface of said closure cap means for engaglng with said at
least one driving recess to rotate said powder housing means
such that said inhalation conduit is in communication with
said metered dose hole means when said closure cap means is
threadedly removed from said covering-relation of said
powder housihg means and for rotating said powder housing
means such that said inhaiation conduit is out:of
commnnicatlon with said metered dose hole means and such
that said powder supply openlng comes into communication
with said metered dose hole means when said closure cap
means is threadedly secured to said adapter means in
covering relation to said powder hqusiné.means.

,__—————_f___————_—.

TR



assenb] y 640. " .-. b4

‘reservoir body 22 is rotated the flrst 178[err] toward tfibis

position, paw driving end 278 of arcuate pawl driving wall mi"
rotated i nto engaged with the opposite side of paw assenbl

shown 5 in Fig..81. As aresult, as shewn in Fig. 81, paw 654

rotated in the clockw se direction of Fig. 81,

out of the 28al | dvwousitrert dgirth 2 pow8ég, inhalebywhﬂnqime§9Sng ofri ng 658.

Continued  poh@bfdd q&é&ﬂﬁe ardl het8feq 28nd NWpdrkdd By Béansaygses 10
paw 654 to rotate a s)i amunt and fall into the next gear tooth
- 604, which i5€g§™ B’é‘é‘ﬁ?‘b’éﬁq onal, motioR, (FRFISANGF fi cal |y, when pawl

654 noves from t he contipogius aountefFi ginglhivindequdiingoindfickag. 82,
6PRePigseS Pawl 654 into gear tooth-604. Since gear 15 tooth 604

spring

is a deep gear tooth, pawt, 654 also enters one of the gear teeth 630.

At thi's point, nEgQ”¥ﬂperm1ttent counter ring adjacent to sai

continuous counter rlng, said intermittent counter ring
having counting. 1nd1c1a thereon;

" display means through which one of sald countlng
indicia from said continuous counter ring and one of said
counting indicia from said intermittent counter ring are
displayed to indicate a count éorresponding.to a number of
doses of powdered material that have been dispensed or
remain to be dispensed; and _

. actuating means for rotating said continuous counter
ring one inc;emeht each time that a dose of the powdered
material is dispensed to display another one of said
counting indicia of said continuous counter ring, and for
rotating said intermittgnt-countez ring one increment for a
prgdetérminéd number of rotatiopal increments of said |
continuous countér.ring to display another one of said
‘counting indicia of said intermittent counter ring. .

"29. The counter according to claim 28, wherein said powder;
inhaler includes a base, and said continuous counter ring

-and sald intermittent counter ring are rotatably mounted

relatlve to said base.

30. The counter according to claim 29, wherein said
continious counter riﬁg.has éear teeth therearound, said
intermittent counter ring has gear teeth therearound, and
said actuating means further includés pawl means, engaging
with said gear teeth of said continuous counter ring and
said intermittent counter ring, for rotating said continuous
counter ring one increment each time that a dose of the
powdered material is dispensed to display another one of
said counting indicia of said continuous counter ring

A

S

wher eby pawl 654 ri des

Rirhca




powder dose dispenser 10 is in the inhalation position I n which

met ered dose hole 184 is in alignnment with Thia Has BeetUuRéplagdd 20

After the user inhales the dose of powder 62, 20 is

t hreaded back -onto adapter 320. As a result, : 22 rotates
back to its initial position of Fig. 80, which also results in

rotation of | ower spring retainer 260. During this rotation back 25 .
180, that is, in the counterclockw se diret?ion of Fig. 80, paw
driving end 276 , . LLVin W th pawl
assenbly 640 at | %ﬁe%ga%{léjwspﬁ?g %ggﬁén?nﬂé%%igﬁg‘%gggégenbl y 640 in
t he count erF1eRAAE Seent counten Bing| ghegtneenany @YietiYal 30 position.
During such novejmitetsiiGfd athbEb4ck Srotat i@ dge@drenehita dgepagear tooth
604 and one of the gear tgeth 630, . both_continuaus count er rgng 590
and i nt er MYPEHPUSTEPERRGT 828 5P O TR B A5G hENSoRE S22

increnent. |n twowdsiagiaddcpanwpt 65414 simeprmiffaydd c@9ntgict hioge of the
deep gear teeth (§34wfh &A6q BaYhi1dpeseans. NOt engage with a gear tooth

630, so that only the- continuous counter ring 590 woul d be rotated.
31. The counter according to claim 30, further
including spring means for biasing said pawl means into
engagement with said gear teeth of said continuous
counter ring and said intermittent counter ring.

32. The counter according to claim 31, wherein said
pawl means includes a pawl secured to the end of said
spring means for engagement within the gear teeth of
one of said continuous counter.ring and said._
intermittent counter ring, and a pawl extension secured
to the end of said spring means and positioned at a ’
height. above said pawl for engagement within the .gear
teeth of the. other of said contihddus counter ring and

said intermittent counter ring.

33. The counter according to claim 30, wherein said
gear teeth of said continuous counter ring are arranged
in correspondence with said counting-indicia thereon,
and said gear teeth of said intermittentlgounter ring
are arranged in correspondence with said counting

indicia theredn.

34. The counter accprdiné:to claim 30, wherein the
gear teeth of said continuous counter ring include a
plurality of successive first gear teeth of a first
depth and at least one second geér tooth of a second,
greater depth, each said Second gear tooth being
positioned after every.pfedetermined number of said
first gear teeth; and said intermittent counter ring
includes a. plurality of successive third gear testh of

. . * c L M 3 *



55 ~ IL_MWLL_be_appLeekaped that continuous counter  ring 590

and intermttept 20, cannot rotate in the cl ockw se
diréction of F %se of first and second rotation
prevention sprin ﬂ 4 and 232 which engage with gear teeth 602
and 630, respectl 't wll be appreciated that various
changes can be made to the scope of the present invention. For
.exanpl e, rotation of netering dose pl at 1180 need not 10 be 180[err], but
could be for a | esser or greater arcuate di stance.: In such case, the

| engt h of arc@dadep$hwequal tdrthe mpptdl loR2 Baandshddbeechadgedato

increnmental |y tootn @ ¥8i82¥bn@SARIY Y fler ring so tAGEO Qi&g$¥ wth the
present invention, a netered. 15 owder, dose di spenser 10 |s OV|ded t hat

accurately  Te2REaSRPRISTHEL Gy SHESEESIYRIered Hﬁd?%éﬂeﬁfrfB %@Fr
del i vered to thethaduenhy Spomddival dpsitgspeesatidfs and eﬁg@géguly

e e e

Al of the above el enents, e exception o
are pref er abl §ORRBRF CEIRG F9bAne salfiesaFLFg 96aF| BePEh PhstdkE, while the

springs are intepnttesmblgourtleri gahgdaFtem auplakd Biteted sshea ypi cal ly,

dosing operations.

35. A counter according to claim 34, wherein said
first and second gear teeth are formed on an inner_
surface of said continuous counter ring ‘and said third
gear teeth are formed on an inner surface of said

intermittent counter ring.

36. the counter according to claim 30, wherein said
Pavl means engages said gear teeth of said continuous
counter ring and said intermitteﬁt counter ‘ring to
rofate.said continuous counter ring and said :

. intermittent counter ring in a first rotational
direction, and further including detent means for
preventing rotation of said continuous counter rlng and
said intermittent counter ring in a second rotational
direction opp051te_tq salq first rotational direction.

37. - The counter according to claim 36, wherein said-
detent means includes first rotation preventlon detent
means mounted on said base for engaging with one of
said first and second gear teeth to prevent rotatlon of
said continuous counter ring in said second rotational
direction and second rotation prevention detent means
mounted on said base for engaging with one of said
third gedr teeth to prevent rotatien of said
intermittent counter ring in sald second rotational

alrectlon .
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t he vari%us conponents which do not require porosity or ot her special—

properties wll

froma | ess
ceranic or

IS I ntended to be disposable with
56 nunber of2® lﬁeﬁ?ﬁﬁn@ﬁﬁ"ﬁ%ﬁﬁﬁﬁ@sp&V&eFr%HEI ﬁ???%ﬂl?ﬁ&ﬂiﬁ?g 2 has been
di spensed. retaineresetrd tably afosnted enbsdidebdsefcoamsrdiy widhug

nmet al .

be nol ded from one or nor e thernnplastlc SUbStfnCﬁ?pbmm

havi ng the desired rigidity and strength. In sone e
conponent contai ning the powder receptacle is relatlvel
mai ntain a required degree of 30 surface flatness, wll

easily deformed substancegsuch as a relnforced pl astic,
O course, materials selected nust. be chemcally
corrpatl ble with BRe nEHecabunrer oad;e:rdmg diospénsedio, Fiurtleersons of cost,

a maxi mumutili Z@J\b@ﬂd%ﬁg pQJll F&Pﬁiérc%e\éﬂnlé fQQ @ﬁ@{'&ﬁé%wr&ﬁiﬁr@ev' ce

90- conprisés a thify Shhfiud | Hhatll 2ifgt hARCLL Shethtermittent

counter ring, said retainer including first pawl driver
means for engaging with one side of said pawl means to
incrementally rotate said pawl means in a first
rotational direction at the end of rotation of said
retainer in said first rotational ‘direction to cause
said pawl means to engage a successive gear tooth of

~said continuous counter ring, and second pawl driver

means for engaging an opposite side of said pawl means
to incrementa;ly rotate said.pawl means in a second,
opposite rotational direction ét the end of rotation of
said retainer in said second, ppbosite rotational

direction to cause said pawl means to incrementally

rotate said continuous counter ring therewith.

39. The counter according to clalm 38, whereln sald
first and second pawl driver means are formed as

opposite edges of an arcuate pawl dr1v1ng wall
connected with said retainer.

40. The counter according to claim 38, wherein said -

first and second pawl driver means are formed as

- radially extending pawl driving end walls connected

with said retalner.

41. The counter according tc claim 38, wherein said

first and second pawl driver means are spéced apart By

a distance such that rotation of said retainer by a

first arcuate distance causes incremental rotation of

said pawl means by a second smaller arcuate distance.

42. The counter according to claim 30, wherein the
gear teeth of said intermittent counter ring have a

* C L M S *



5 stainless stegﬁissMMngggeﬂmcgdéml ded onto a plastic base

mat eri at. The netal [ ts -dosing plate 180 in the assenbl ed
mm”ﬂﬂHﬂU![J snmooth and rigid surface to prevent _
oir. In_addition, the metal dissipates

dewi ce, providing a

powder | eakage from

any 10 static electricity charges genePdted by friction bet ween
surfaces during dose.l oadi Qper.at.jons I.Gh charges c Jyersely
af fect powt ornr%gélvﬁa?ﬁ?g Eh (ﬁj{) ou%&"o mfv%n oMY §H5F F%g‘.ar '%leaiﬂ\{( -
"conposi t e"extenddngnportion amwh ahsloed RIS Merextending dewdrdd ynfEem

speci al 15 sjioRdrtufifeféft 1009 ®fending portidrdl order to assenble netered
powder dose di spenser 10, powder housing 20 is first assenbl ed.

Speci fical | r rvoir. nl 9Q...S . pser; id hi P rVQir. 22, -
Frat sprindbseine tauled fhotidin B3°E et B Mherein FRRE s nipis
assenbl y c4pundes] ringtis rotatgbdyr nowuted amEHRidd basee 2ndsAid cap 520,
swirl - iHtedind te8At | SoBdREARiad 1k Fottalilg et ed26n addia

nmout hpi ece 440Q.i s assenbled w.,th swirl nozzl.e 380., Next: cont i nuous
counter ri FFTEEYORE FRELSH 515153805155395\( "&ﬁh S FRPHEAIRIS SONPEF T i ng
620 is fit mimgo continuous counter ring 590. Both counter rings 590
and 620 are rotated until the nunber "10" of - “internmittent counter ring
620 and thegunige cluntir accoraenglwmﬁpw,ehh@;amnm&@re in alignnent

with small 3 slot 214 of base 200. In other words, this correspond
to the Dunﬁ'éﬂ%erfﬁﬁgenﬁrﬁ?weﬁi F&Pg| §7s - ¥ H:é:cunged on said base, ang

said. continuous counter ring is rotatably mounted on said
intermittent counter ring coaxially with said intermittent

counter ring.

45. | A nozzle for reducing'_ particle size of agglomerétes of
powdered material entering the nozzle from an inhalation conduit
extending inm a first direction in a powder inhale.r,' to form
micronized powdered material and for mixing said micronized
powdered material with suction air, said nozzle compri_fsixig,
either: | | L
' (a) cavity means for changing the direction of flow of
said powder from said first direction of said inhalation conduit.
- to a second direction substantially perpendicular to.said first
direction, and swirl means for substantially é:ontinuous.ly
'cha.nginé‘ the direction of flow of said powder in said second
direction in said cavity means; or _

(b} an outer wall defining a conduit having a shape
'substéntially of an ,im'rerted- tornéd.o defined by -a continuously
changing cross-sectional circular area having a radius which
‘changes exponentially by depth ijOm a lower outer circle of a
first radius to an uppie.r ci_ré:le_ ot .a, second, smaller radius, and
bhaving an origin which moves in a circle that cﬁ'anqes with
depth. -

46. The nozzle according to-claim 45 having the cavity means,
wherein said cavity means’ is defined by.a top wall and a skirt
connected ‘to a periphery of said top wall in surrounding

relation to said swirl means.

| E N




nunber y 200" which wll be displayed through w ndow 330 of adapter
320. ~ ~Pawl assenbly 640 wit'h spring 658 therein, is.then 35
posi-""ti oned on top circular wall .202 of base 200 in surroundi ng
relation to cylindrical boss 216, with paiyg 654 being biased into
engagenent wth gear tooth 604 in '

57 al | garenthaiiridz z1eea888B@ing Ito &Ildn.'&mSBQGGhei:'éQh hs &) diimney

al i gnnent e nunber iy t nunber
"111" . \%"' r}ﬁ BE 3 tr%% %%a?“ a‘f‘in i P g%lagg §E8h con ‘%r}h%%‘
prevent i on %?ﬂ"f—lr?g- @e@@wmrzzlie% Bo (RpB pLfiset from ﬁhﬁ‘eﬁ?-“WQJH ayddr afoot h

606 COI’é@_ﬁ-pC&ﬁinﬂg;yt Q,eaugber R and with t he gear tooth 630
corresponding to the opposite nunber *.11". Thereafter, |ower
spring retainer 260 is positioned on boss 216 in surrounding relation

to 10 ret a5% nFheosoz218, agronding riow aldimed Seand2igving the inverted
: tornado shape, wherein said shape is defined by the equation:
L | (c-2)? + (y-b)? = & + & * ¥,
where: a. = a, * sine. (3, * ),
b =}, * cosine (b, * ),
) Cy + ¢; is the radius of a lowest cross~sectiona\_l circular
area. of the inverted tornado shape, '
¢, is the radius of an uppermost cross-sectional cn%ular e
area of the inverted tornado shape,
a, + a; is the x—coordinate of the lowest cross—sectlonal ™~
c:.rcular: area, ' \ -
ay is the x-coordinate of. the uppermost cross-sectional
circular’ area, o
b, + b, is the y-c’:oofdinate of the lowest cross-sectional
~ circular area, .
b, 1s the x-coordinate of the uppermost cross-sectlonal
circular _a}rea,
‘X, y and z are x—, y- and z- coordinates, and
kX is an exponential coefficient which.defines the geometry
of a spiral of the inverted tornado shape.

This.Sheet Has Been Replaced
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qlignnent_mﬁth t he nunber "100" on rings 590 and 620. In such case,
pawl driving end 276 thereof is in abutment with inwardly extending

i nturned flange 648 of paw assenbly 640. Coil spring 290 is then
seated on 15 disc 262 of |ower spring retggner 260, and support pl at'e
300 is placed on top of coil spring 290, mntg narrow driven ear 306

t hereof in alignnent mnth narropw dfy © 270 of |ower spring

otaner 260, Then. s ¢ ne LGP ol Mouiihten! SimicamioNs g dose pl ate

180 is 20 p03|t|oned thro entral circular hole 310 of support
glzgtleni%gfl Sgge g;/er r gt §bﬁk1'&§1- BQ%be?x%%rOflﬂQﬂiﬂeg)Q puwtdm: houdirgy a0 and
I.n such cas t
with radially eRPdfidndg2 supp‘j.proto ggwgﬁrﬁﬁ)m% acait e,_éﬁ% %lﬂa ﬁgé&[mgg .
reser;/mdr bedy ZRe ba»wmgr henering riqmmglﬂ@ an 1mlamiqm condwi®th, is
i nserted over neterl H& sprin
290 and | ower "s‘@% oﬁi%ﬂlgtcedgé%, su%&1 t%lat nalepr ow |€g%té%€isélé78 ang
306 fit within Bappdw,dtal wetsirings platel inclarding \krﬂ%@r%r%"%zh‘a%ﬂ 308
fit withinw de'ifgg! 6 a3 lrigf a3§aé{fered anl AR ¥ ftmp werdd m@rmﬁﬁ

venturi conduit |gnnent mnth net dose hole
order to M@#‘H@%\h@% MRERE2 L BMPR Yheﬁhe
g: aced o;/elio: Eem@tﬁﬁ %ﬂ.lﬁtle/ a](gmsl;3 ftﬂélqiovhieﬂgmtﬁ’fn@&teimrmiatxvehy
i gnment w S of bhas Oy pressed
down unti | annulrg‘r% t % FER1© E;':oa%c %%anaps in o@%nn ?%%girqoove 324

of central ax1s, a counter providing a visual count of the
number of doses of the powdered material that have been
dispensed or remain to be dispensed in response to the
15 relative rotation, the counter including counter rings
providing the visual count, the counter rings being
rotatable about the common central axis and having
indicia thereon which display the visual count, and an
‘actuating mechanism rotatable about the centrallaxis
20 for incrementally rotating the counter rings in
response to the relative rotation; a nozzle for
breaking up agglomerates of powdered material from the
inhalation conduit to form micronized powdered
ﬁaterial, the nozzle including a cavity for changing
25 the direction of flow of the powder from the direction
of the inhalation conduit to a second different
direction, and a curved wall for substantially
continuously changing the direction of flow of the
powder in a spiral manner in the second direction in
30 the cavity; and a closure cap coveriﬁg the powder
housing and priming the powder dispenser for use
automatically upon removal thereof. '

. Figure 3
35

This Sheet Has Been Re lace
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58 ~adapter 320. At this time, coil spring 290 is conpressed, the

nunber "200" appears through-w ndow 330 of adapter 320, and recesses
340 and 342 of adapter 320 are in alignment with drive slots 34 and 36,
5 respectively, of reservoir body 22. Thereafter, powder supply
conduit 60 is filled t hrough the upper open end thereof. Then, driving
- body 120, with nozzle 380 and nout hpi ece 440 thereon, .is fit over
reservoir body 22, such that circular plug conduit 10 144 of driving body
120 plugs the upper open end of powder supply conduit 60 and such that
t he upper open end of venturi, cogggét 64 extends through circul ar
opening 142 in driving body 120. In position, the ° |ower edge of

| ower ~annul ar skirt section 128 of 15 driving body 120 is positioned
i edi atel y above'the upper edge of upper annular wall 332 of adapter

Fl1G.2

320.




Cl.osure:cap 520 is then threaded onto adapter ‘320, wher eby powder

housing 20 is rotated 180[err] relative to netering dose plate 180 so
as to prime netered powder 20 dose dispenser 10, that is, so as to scrape
powder 62 " into netered dose hole 184. This noves paw 654 to the

next gear tooth 602, as shown in Fig. 82. When a user desires to
I nhal e a dosage of the powder 62, closure cap 520 is unthreaded and
renoved, 25 t hereby rotating podd@s housi ng 20 back 180[err] so as to

ith nmetered dose hol e 184, ready for
paw 6355 rotated one increnent back to
Fig. ', ﬁ\/\ﬁfegy t he next nunber "199" is

dow 330. When all 200 doses have been used,
ntermttent counter ring 620 abut s agai nst
adapter 320 to prevent further rotation for
the nunbers will not continue fronl"OO"Jép
now to Figs. 83-105, there is shown an é.
a counteF nechanisn'580' for counti QJ}Me.

align venturi conduy¥t_64
i nhal ation. At thig

the position shomn‘
di spl ayed 30 t hr gijgh !'
dose limting tab §B2 of
dosage limter ta
di spensi ng. Acggfg
"200". 35

. RM
alternative ézgodi ifi
nunber of doses th

==

viell been di spensed

590




59 »or indicating the number of doses.that remain to be ' di spensed

so as to warn the user of inpending powder depl etion, in which elenents
correspondi ng to counter mechani sm 580 are identified by the sane
reference 5 nunerals with a prinme thereafter. As with counter
mechani sm 580, it is preferable that counter nechanism 580" is a
decrenenting counter that indicates the nunber of doses that remain to
be di spensed. Basically, as pgypzof the counter mechani sm 580
10 the parts that have been nodified ar§5ﬁ7s 24& | ower spring
retai ner 260", continuous counter ring 5 intermttent counter ring
620" and spring biased paw assenbly 640 ~ Inthe first
pl ace, base 200' includes a circular 15 top'mall 202' having an annul ar
skirt 204" extending domn ' hereof. The
peri pheral edge of:f % y to define-an
outer annul ar | edge 206: n an gpporting I1rp . Jis formed on
t he outer surface of annul ar ski 204 Z?t t he end thereof, so
as to extend outwardly ther di al tion of annul ar
skirt 204'. In addition, an ann¥: : Y/
' 490 .
04
' |
Fé0 — : -
| 144
/20—t Al| 22
22 12 60
2 ) ARt
4. 4
\ | '
1 |
L7 I\ '
300 : '
0700 W3z w42 2
24 g‘zm P
28 /88 o
272.
620 7
4 4
Ji0—/ W4 [ 2/6 '
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is formed on the outer surface of annular skirt 204', . parallel to
supporting lip 208" and spaced thereabove, 25 so as to extend outwardly

fromannular skirt 204" in the radial direction thereof. Retaining rim
210" has a di aneter |l ess than the diameter of supporting lip 208" .
Thus, an annul ar retaining gap 212" is fornmed between supporting lip

208' and retaining rim210' . It wi%123be 30 ' appreciated that, rather than
retaining rim210" bei nfo{qg away along a very small arcuate distance
I Adrei

to define a smal | in, as in slot 214 . 0, a
small slot 214' is formed in supporting |ip 208 forfr]PE;ERZUsane pur pose.

I n addition, retaiq%?g rim210' has 35 a frusto-conical upper annul ar
sur f ace. [ 216" is forned centralua?and

axially ondthe upperrs ad Pcal Paézlar toF rall 203? 4@3{ )
60 ' ' 218' p
cylindriggl' zoggaéllgfairg ?I gl t_st ﬁppgr eﬁZS}r Al 6 Lhan
vl
% I
# TE ' :'\'7_"45 5
P =
1 il %
F2 N
l 4

N
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of cylindrical boss 216'. Accordingly, an outer annul ar | edge 220" is
formed at the upper edge of 5 cylindrical boss 216'. Retaining post 218
has*an - °~ outer dianeter slightly |l ess than the inner dianeter of
annul ar nounting post 188 of netering dose plate 180. Ret ai ni ng post
218' is formed wth a slot 222" al ong the length-thereof. In such case,
nmounti ng post 188 10 has a corresponding pin projection (not shown).
Accordingly, due to the pin projecti ®f23nd sl ot 222', nounti ng post 188
of netering dose plate 1 (/g lJ?retai ned on retaining postedl& jp a
non-r ot at abl e manner “t Sde that netering dose pIatq}Eﬁ{?@VbF 15
remain stationary with respect to pomder housi ng 20 when powder housing
20, whi ch incl udes reserv0|r bod reservoir plug 90 anddriving cap
120, is rotated. 4 of the counter nmechanism a 49r st
rotation prevention sprlng detent 224" is nmounted in a 20/cantil ever -
manner on circul ar top wal | g( Speci fically, 0. rvedpvert Y@
e%%nnd d(

det ent supportiqg,wq ﬁ22 22 s upwardly from™clyrcul ar top wal l
202" such that the Upper—edge of £Bring detent 224 &

substantial ly copl anar .,1&\"\ _ﬁ?gnff 232 Cy[pzi Sl

first rotation pr nt i/G
g%F A/ g, parallel to and spaced alg

228" of detent Sv-.
fxi.end of first rotatloa&e

circular top wal 202 .
prevention spring jdet

2

F1G.12

w4

FIG.10 b -
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30 a bewvel 230" thereat which is oriented in the radial direction of

circular top wall 202'. - A second rotation prevention spring
detent 232" is nmounted in a cantilever manner on circular top wall

202' . Specifically, second rotation prevention spring 35 detent 232
extends from edge 228' of detent suppor t6/23 wal | 226', parallel to and
spaced below first ro prevention spring dete 6 bet ween
first ng’ I4 ' 61 rorati . ention

- spring detent 224" and gggcul apgs op wal | 202'. The free end of sec
‘rotation preushti 8. '_ /6 t 232" is provided with/38 end 234

t her eat hav g ness of a parti
configuration, Wt be exdl Fi ed hereinafter.
P
|
n

236" is for /B0 Eﬁi cular to 24202 in correghOITuerc
224' and 232'. ¢ l i ¥.

_ speci fical
boundary 232?55 %__ -__g]t I all yT

wg - U 2

ilifne with the fr/y'é

| 27
/587 »
/59 A

/524~
Yy 27,
(132 / Y38 728
. 126
[64 | /30

FIG.17
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/28
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10 of detent 232', a second radial boundary 240 substantially in line

with the connected end of detent 232", and a third boundary 242
connect ed between the i nner ends of ‘radi al boundaries 238" and 240
and - extending in alignnent with the | engthwi se direction of 15 detent
232" . ' In addition, a dosage |7A23ing wall 243" is provi ded
on the upper surface f/ 6.'030 202", extendi ng from an edge of
detent supporting wall "2 - radially outwardly to 32? i | edge
of top wall 20 202'. Dosage limting wall 243" provi I&,gg
function as 5age limtqrlglg 336 of the first enbodi ment which is

formed on t nn surfaces” 0 connecting section 334 and | ower
annul ar wall 3 ?7£ SR ‘?(ﬁter tab 243" thereby preygnts opera |600n
of 25 the neteMeyg Fer~dQsBdApenser after a prescpihe uﬂ%

doses, for exanple en di spensed, as WA4 | . nder‘s.} d
fromthe exp!ﬁn 23 As sho in Fi gy 25 “Spri ng
retai ner 260™=r- : eﬁ@n annul ar | :s‘g 220' Ul et ai pi (4
30 post 218§ i 4" fPaving a centr &lp / 2% T,

(7.7 &2 43200 ) LR
LY N8 PPN A 1514
|JU WAW.

annul

9 An
§¢¥Y262' i n surroundi
287,

sized to recei}
fromthe | onwer

re

S ggntrall
openi ng . 264" Wagm—reLled ni ng post 218" extends ugh &ful ar” 35 -
boss 266" and centzil opq n% ngé64', the | ower edge of . annul ar boss
266' seats upon annul ar I'edg 20" .

260 FlG.3/

e FIG.32 FI16.23
] |
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62 . An upper annular retaining lip 268 extends upwardly from

t he peri pheral edge of disc 262 Further, two radially extending

driven ears 270" and 272" are formed in dlanetrically opposite

positions at 5 the peripheral edge of annular lip 268 Ear 270" has

a width substantially equal to tﬁ_ gx of drive slot }4 oge ervoir

body 22 so as to fit ther gg en t hereby, @ y has a
é&hﬁf't 0 )

wi dth substantially 0 t f drive slot 36 reservoir

body 10 22 so as: tod £ln and be driven thereby. Furt her,
an. arcuate paw drivj \ext ends from t he Aower "'surfa e of
di sc 262" between 66' apgst he perip '
Qpposite en ar cuat e pa \Vi al | 274
radi al |y extendi awl @i vi ngzgn s 276' and /-
extends radiall tween At ar 202
/ (ODJ 26 )W)
2% 277 ¢
277 210
s 2%
240 ,." 4
29 = 23¢ 200~
236 208
o6\ 236 g

230

8 »
2224l 2/8 <200 200 , /Z
| N\ | |
224 | 20 232 |
228 w2
[26’\ ] - 2/5
; |
1/2 7—'/17 T
l )
0] 2%
242




boss 266" and the respective end of arcuate paw driving wall 274",

al t hough pawl driving end wall 278 extends radially outwardly
slightly past the end of 20 arcuate paw driving wall 274', the reason for
whi ch wi || be explained hereinafter. The arcuate di stance . bet ween
pawl driving end walls 276" and 278" is approximately 190[err].

As shown in Figs. 93-97, continuous counter ring 25 590' is forned by a
disc 592' having a wall with a subg@antial l'y rect angul ar

cross-section. An outer annul ar | edge 594' is forned on ?ﬁ@[é?LEﬁ}’

| ower edge of dISC,592 by cutting away disc 592' therea J“%ﬁ
/

plurality of nuner i cd¥ I cia are printed 30 on the sgy?n Q r
??cally, two successive sets E ﬁ%%ﬁs 0"

surface of di sc 7g3R—
t hrough "9" are pr' ted_eeghangul arly thereabout. It

appr eci at ed, howe rﬁ@& cynting indicia ot hiP& ot
i ndi ci a 600", ca ¥ 0 as 35 col or designations, (4 570 306

desi gnati ons, Ry Fma he week, and the like.
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63 . Twenty gear teeth 602' are equiangularly fornmed on t he

i'nner surface of disc 592' in correspondence w.th the twenty nunbers of
nunerical indicia 600'. Al gear teeth 602' have the sane depth in the
radial direction, 5 with the exception that dianetrically opposite gear
teeth 604" and 606' of gear teeth 602', correspondi ng to a position
bet ween nunbers "4" and "5" of nuneri cal I ndi cia 600", are deeper than
the renaini ng gear teeth 602', thatjgsz gear teeth 604' and 606" extend
10 outwardly in the r3g775hﬂgz i on to a greater ext n the -
-remai ning gear teeth 6 vontl nuous count eF7|654?a
correctly positioned in the apparatus as ‘) be expl ai ned herelnafter
first rotation pr ti S g ent 22 of base 200" 15 engages
with one gear tooth 6? f& .?.‘?‘Z” t-%%revent \\ cl oy & se rotation of
conti nuous counter ng. $9¢ base 200'. As_shown in Figs.
98- 101, inter 1| ing 620" is #gp =0T 2' _having
“awall with aﬁésé e B D = rgggﬁggular Cross- ong = 3E§§
plurality of nunerj uan TS n’ '~dr'e printed - out er
surface of dISC 6 mEnElcal |y, nunberg " QTG i T e
print ed IIIIW BRI :i_. LI g ui.
FZ8 45 I 45
. | 1 ( ’
fz [330 | J2 328

FIG.42 . FIG43
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equi angul arly thereabout. Only a few such nunbers are 25 shown in Fig.
101. It wll be appreciated, however, that counting indicia other
t han nunerical indicia 628 ‘can be used, such as col or designations,
shape desi gnati ons, Roman nunerals, days of the week, and the
| i ke, may be used. 30 An innerp @il ar wall 629" is provided on the
i nner surface of disc 622' at .a position approximtely ~two-thirds of

the height of disc 622', as shown in Fig. - 100. TweZF%[gﬁhu;gspth 630
are equi angul arly forned on the inner. surface of inhe Au wal |
629" in 35 correspo ' the twenty nunbergiﬁﬂ nunerica

indicia 628 . Al geM‘h% have t he sane dept h\\ 404 the radial
direction. It will be appreciated that

64 each tooth 6&#Z. has an outer zgaubstantial ly i rentiglly
extendi ng portion 631' _and a sloiig;ﬁﬁp 4 4&&? l J2ﬂ7

~ T, e v
) 20 - G |

FIG.49




portion 633" extending inwardly fron16uter, substantial ly

circunferentially extending portion

ext endi ng portion 631", the circ
portion 633 i's reduced and ther
enbodi nent of gear teeth 630. In thi
rotati on prevention spring detent 23
i ncreased thickness, has a confi
teeth 630'. As a result of the c
631' and the-increased slope of slop
‘torque that is nece Y ve 15

reason for this ﬁl@im i's

intermttent counter ring 620 due t
‘continuous counter ring, 590', when i
counter ri-ng 590 shoulh’Td&ate
intermttent counter ri
particul ar, the

of base 200" in 3

prevention ifng de~@*‘
630" at a £ 74 =
counter ring

di scussi on whi t eet h

Fl16.54

6 %
f di
ation

Ast™i || be ap

631'. 5 Because of circunferentially

unferential |length of the sl oped

eby made steeper than in the first

s regard, free end 234" of second

2' 10 of base 200', which has an

ggpabizon correspondlng to that of gear

ircunferentially extending portlon

ed portion 633 there is a greater
Intermttent counter ring 620'. The

to prevent undesira nt of

o frictional force#?éoﬁ

t is desired t hat on ont i nuous

Wth this arrangenent
I S seated on basﬁﬁﬂOO' and in

annufjv |4(€e 206'

) V’ S8

I sc 622' seats upon
to circul ar topge\'
25 seat ed, seco;

f base 200

630’

444 ﬂ]i ,4f2 :
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30 extend along a larger diameter circle than gear teeth 602', so

that gear teeth 630" are outwardly displaced in the radial direction
fromgear teeth 602'. Further, continuous counter ring 590" is
rotatably seated on intermttent counter ring 620, and in 35
particul ar, outer annular |edge 594' seats on the upper edge of disc
622' for rotation relative thereto. It w Il be appreciated that this
is the reverse of the : 13/23 65
first-nentioned.enbodi nent in whip i6£e st ent counter ring 620 sits
on conti nuous counte{’&{f ng 590. / . ther, a dose limting tab 632

ext ends war dl'y frqﬂy?pe | ower surface of inner annular wall .5
629", corresggaG' ¢ "05", to prevent

operation of : r 10 after a prescribed nunber
of doses have¢ b ' d. exanpl e, where netered powder dose
di spenser I m S DS




10 'Ii.'m'ting tab 632" w Il abut against dosage |limting wal | 243" of

base 200', after dispensing of the two hundredt h dose, to prevent
further relative rotation of powder housing 20 with respect to netering
dose pl ate 180. 15 Initially, number "20" of indicia 628 is
al i gned W th nunber "0" of indici 614% to formthe nunber.
"200", which is exposed through transparent” plastic wi ndow 330 of
adapter 320. After f7§r5 ose is di spensed, both conti nuous.
counter ring 590" ahd **IMtermttent counter ring 620" rotate together
to expose the nunmbers "19" and "9", respectively, to F[ﬁé‘ he
nunber "199" which is expo tyygugh wi ndow 330. Af ter "t1fé e ni ne
doses, only contg UsS - er ring - 590" rotates one increnment at a
time for each d . 25| |Af{ddr thesagnber "190" is exposed thréygh W ndoyZg
330, the n doseé {rjds$illl t s ,n both continuous count e{(" g 0
and intermttentj¢ount eq i g/M{)' rotating to formth 189".
Thi s operation dfgmti nueg {dmpil t he nunber " 00" is f’a,&;aii“:*\
wi ndow 330. At tiffifs 30} ftlilqgl intermttent counter ring b2 2% Y 62
rot at ed told]posi tilgn that dose limting ta _i
-agai nst dosage IffffM tin I 22f base 200", t p .
relative rotatidgffiof powdgrllhouSi ng 20 with -%é’ép dse
plate 180. 35 . | ric to cause such rotation of
counter ring 59q||{,and §nt|driM ttent counter ring 620474 338
| A 528
. 7 ‘\
|
I l
! i
520
|
538 i T
197
| 522 4
522 |
| | 536 |
5 '8 \ |k %
q 2L k) . / -4 AN
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Qprlngublased paw assenbly 640" includes a paw 654"

having a substantially triangular configuration, secur ed near
one end of a flat, plastic spiral spring 658', as shown in Figs.
102-104. Pawl 654’ has a hei ght equal to the helght of spring 658" . In
5 addition, a paw extension 655" of 1@¢2§ane configuration as paw
654" is nnunteé5§5 top h %@?I 653 so as to exteng abovg spring|F5&.
Pawl extension 655 ong radi e " and a substantially
paral l el short ra ' , With gﬁﬂf&%ﬁdﬁ?ﬁ? face 10 659
termnating in an ngle e @61 that is connected to the end of |ong

radial face 657
shaped spring 65%
105, spring detents
clarity.

ternative, as shown in Fig. 105, an S-
que of spiral spring 658'. In Fig.
have been omitted for the sake of

-7
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Wien pawl assenbly 640" is inserted on circular top wall 202" of base
200" in surrounding relation to - «cylindrical boss 216", pawl extension
655'*i s biased by spring 658 wthin a gear tooth 602'. However,
because 20 gear teeth 630" extend along a |larger dianeter circle t han
gear teeth 602', pawl 654' does not engage with gear teeth 630" at
this time. The only exception is when pawl extension 655" engages
wi'thin one of gear teeth 604" or £6$23 In such case, because gear
teeth 25 604' and 606 degper than the remaining gear teeth

602', paw 654' can reaﬂ&' ﬁd engage with gear teeth 630'. Since
gear teeth 604' and 606" are spaced apart by ten gear teeth, paw

ext ensi on 655' engages 678 thin one of the gear teeth 604" or 606" every
tenth 30 dose dispensing, 3 g%t her eby pawlg#p4' engages within one of

gear teeth 630" at such te/ T4t atably Adrive intermttent counter
ring 620' with conti nabus Vit ng 590 - The operation
of counter mechani Y ¥ ' e described. Lower spring retainer
260" rotates with 2% relative to netering dose plate
180 bet ween t hg Men cl osure cap 520 is

/

2 52
T 05 ~l4 T F

/ /1G.73
628"

FIG.74
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632 /
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67 * threaded onto adapter 320 and the inhal ation position when
closure cap 520 is renovéd from adapter 320. : In the initia
posi'tion, the nunber "20" of intermttent counter ring 620" and the
nunber "0" of 5 continuous counter ring 590" are positioned at
transparent plastic wi ndow 330, so as to display a - conbined nunber
"200" corresponding to the nunber of 93§es remai ni ng. Wndow 330 is
posi ti oned dianetrically opposite stdl*3sl ot 214" on base 200'. 10

Al so, pawl extensgj 55315 positioned 90[err] count er ¢l ockwi se from
slot 214', so th#ﬁé §Znsi on 655' is engaged within a deep gear
tooth 604' and paw 54' is engaged within a gear tooth 630'. Further,
paw driving end maLLZZ Aput s against |long radial 15 face 657'. In
this position, drive V' is é?@hbstantially inline with sl ot

214" . ' \vppsébody 22 is rotated fromthe closed to
t he open ope;ﬁi é 2 '

pa driving end wall 276" of | ower

spring retai . |4 to )
A 7% FIG.78
654
430 656 | ;fi
544 _

“Nilll4-64¢
N ]

654 Jf&/

FIG.77

5’(( 8 iH

|
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2 I

654
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20 "engagenent wi th short radial face 659' of paw extension 655 . In

this position, driven ear 272' is substantially in line with sl ot
214'+~ As a result, paw 654' and paw extension 655 are rotated in

t he countercl ockwi se direction. -During such novenent, 25 since paw
extensi on 655 and pawl 654' are engaged Wi thin deep gear tooth 604
and one of the gear teeth 630", rfgﬁfitively, bot h conti nuous counter
ri ng 590 and intermttent counter®fThg 620' are rotated together
"one increnment. Accordingl ésp r "19" of 30 intermttent counter
ring 620' and the nunber "9" * cont.i nuous counter ring 590" are

posi tioned at transparent plastic wi ndow 330, so as to display a
conbi ned nunber "199" correspondi ng t%ﬂyge nunber of doses renai ni ng.

At this point, netefdd
position in which 2
conduit 64.

di spenser 10 is in the inhalation

68

F1G.8/

/78°ROTATION



After tshe user inhales the dose of powder 62, closure cap 520 is

t hreaded back onto adapter 320. As - -a result, reservoir body 22 rotates
back to its initial position, which also results in rotation of |lower 5
spring retainer 260" in the cl ockw se directlon During this rotation
back, paw driving end wall 278 of 1P 6¢ér spring retalner 260 I S
rotated into engagegggi‘_ with long radial face 657" of p qga
655'. As a result, paw and pawﬁ extension 655 10 are rotafe i‘n the
count ercl ockwi se directions- |ch ti bamd e h en_655'

3 [ 804" : SN0
ri des out of the ge e ‘ pamﬁ ?ut ofvth gear

t oot h 630", tbhe
causes paw exter
next gear tooth/6f#
Speci fi cal 247"
gear tooth 602]
654 does not ¢
driving end wa
ear 270" i\s\\\ub
appr eci at e 24iax™§

gear tooth

agai nst pamﬁaé?




end—ﬁaIJ 278" extends radially outward past arcuate pamd driving wal l

274" is to prevent pawl 654' from nmovi ng past pawl driving end wal l
278 into alignment 30 wth arcuate paw driving wall 274', since this
woul d ot herwi se prevent conpression of spring 658 and t her eby
prevent pawl extension 655 from noving from one tooth 602" to another
tooth 602'. This operation izamtinued for each dose. In the 35
case where paw extensiFrmi'&gmt engaged with one of the deep
gear teeth 604" or 606'¢ . does not C :

69 engage with a gear tooth 630', so that only the - conti nuous
counter ring 590' woul d be rotated. « It will be appreciated that
cont i nuous counter jV I izag 590 and {?@%ttent counter ring 620" cannot

ckwi se/& 6n ecause of flrst and second

5 rotate in the
rotation preventlon

Z a
i CC 1
' &2’
272 .
FI6.91
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whi ch engage with gear.teeth 602" -and 630", respectively.
Accordingly, wth the present invention, a counter 10 nechanismis
provi ded whi ch has a high counting capability of doses di spensed or
remai ning to be di spensed. Specifically, there are two separately
rot at abl-e counter rings, one for the ones digits of a * count ed nunber
and the other for tens and hundreds 181/dBgits for the counted nunber, with
t he counter rings bei.ng rotatabl e al ong the sanme commobn axis as the
powder housi ng. S Further, a swirl nozzle is proy i i ch

t here is inproved micronization of the powder and j m xi ng
of the mcronized powder with suction air. Speci fically, “the powder
first changes direction from ~an axi afgdirection of the inhalation.nr
venturi conduit to a transverse direct{\g substantlally perpendl ar

to the axial direction; conti nugusly changes J
SERFIF,

'IA

manner in a swrl caviﬁ/ @1\319 in the

4
D

upon exiting the sw,rl *cavity, changes dir J

di rection tfif@ugh a supply chi mey, while

conmponent of theyflow 3 f Still furthff4 ” t’he present |n@¢ on,
t he net er ed "powder doseé_di spenser is autonatlca?ly pri med er
time that the clo eqded t hereon and is automatically

ready to use every

s

L1/

=]
m
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ctosure cap is threadedly renoved. If nultiple 35 actuations are desired
for the dose at a given tineg, the user is not required to repeatedly
renvve and - repl ace-the cap, but can sinply performthe reciprocal

70 rotation of either the upper or |ower portions of the devi ce
whi |l e holding the other portion statigpapy, then repl ace the cap for
storage until the next prescrbog éose Is due. 5 Havi ng descri bed
specific preferred enbodi nen SIP v&? he invention with reference to the
acconpanyi ng drawings, it will be appreciajed that the present
‘invention is not limted to those preC|se enb nts  and that various
changes and nodifications ca - i therein by one of ordinary

'skill in the art the scope or spirit of the
i nvention as.defined by
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- F16.100

629 ’

[ ] ¢

A or s

620

o T
[ s




71 ?‘CLAINB 1. A powder inhaler conprising: ' powder

Housi ng neans (20) for holding a supply of powdered . material to
be di spensed, said powder housing neans i ncludi ng an inhal ati on
conduit (64) extending therethrough in a first direction, in

di spl aced relation to said supply of powdered : mat eri al ;
netering plate neans (180) for holding a netered anount of sai d
powdered naterial, said nmetering pl ati?jrz?fs i ncluding . : nmet er ed
dose hol e nmeans (184) for holding saidfetered - anount of said

powdered material, said nmetering plate nmeans .

200"

04" 7
FI1G.105

Fl1G.103
620"

\) A
o
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' Been Replaced foroat-b 77
- being positionable bel ow said qulnnL{(h.'s e s e erial, and
sai d met pri ngrgriACEDEHEEEN s po u“ uB 'ﬂ“‘ : means bei ng
rel ativelg pokabddd epastd h..r.aspegd 1.0 - abett-—g—commn
central %Em lt)s)t ha?gacgaa dmabeagd .Bosd hol e Rs:hA@,%Déﬁ@T %ﬁ%;éa@ %‘e
uppl

pl aced i % kg at i ap pagddectively © [ Descipion spasite AZEH e
powder ed or ..saj
spring ng 1

war d eggh ot teAbstract  : paged .t.of0 paged......

%Hrtggfg avad 4.1 nBahadd.on.... WoBlaimes) ( 6upaged Tt to paged 2.
S ) _for biasing said netering platE Deaisg(s) : paged ... 10 pagsdy.-.-
and Sa| d ii}..‘b’l F 2 : .. ........... 2 .......

‘mai ntai n contact therebetween, characterised injthat the powder

housi ng nmeans (CRAIMSI the netering plate nmeans DATE OF RECERD).. G487

relatively bidirtectionally rotatable, the inhal d~—Feriher ——
conpri si ng: rotation limting nmeans for restricting relative

rotation betweeq A powder inﬁaiegdbﬂ‘(ﬂfsrin ousi ng neans and said netering
pl ate neans to a predeterm ned angl e; ~ count er neans

for providing a vi supbwderhousihgtmeans {28 footholding a supply of ponederéd saat@rial
powdered material  t '

di spensed in re@pﬁﬁhﬁéﬂ%@é&i %&@3&5@@5& irné?la"éﬁ including an'tnhalation C%endu“
(64) extending therethrough in a first direction, in displaced relation to said
supply of powdered material; o

metering plate means (180) for holding a metered amount of said
powdered material, said metering plate means including metered dose hole
means (184) for holding said metered amount of said powdered material,
said metering plate means being positionablé below said supply of powdered
material, and said metering plate means and said powder housing means
being relatively rotatable with respect to each other about a commbn central
axis so that said metered dose hole means (184) can be placed in fluid
communication selectively with said supply of powdered material or said
inhalatiori conduit (64); _
spring means (290) for biasing said metering plate means (180) and
said powder housihg means (20) toward each other_to maintain contact
therebetween, characterised in that: | ‘ _
the powder housing means (20) and the metering plate means (180)
 are relatively bi-directionally rotatable, the inhaler further compiising;
~ rotation limiting means for restricting relative rotation between said

T - powder housing means and said metering plate means to a predetermined
angle; '

counter means (580) for providing a visual count of the number of
doses of said powdered material that have been dispénsé.d 6r remain to be
dispensed in reéponse to sald relative rotation of said powder housing'
means and sald metering plate means, said Qg:unter means including:

counter ring means (590,620) for providing said visual count, said'
counter ring: means being unidirectionally rotatable about said common
central axis and having counting indicia (600) thereon for displaying said,
'visual count, and '

- ~ This is the replacement sheet
M . =6 o e
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72 . sai d powder hOUS"l—rrg means and Sai d netering plate neans,

sai d counter neans i ncl uding: his Sheet Has BeEMREHladednNg means (590, 620)
for providing said visual count counter ring nmeans
bei ng uni directionally rotatabl e aboullll III rﬂrln said common centr al
axis and having counting indicia (600 t hereon for displaying
sai d visual count, and actuating neans (640) for

i ncrenental |y unidirectionally : rotating said counter ring -
means (590) in response to said : 72 pidirectional relative
rotation between said netering plate - means (180) and said
powder housi ng neans (20); di spl ayi ng neans (330) through
whi ch one of said coagtuatisg means (640) for mcrementallyfimﬁdiréoﬂonaupmtaﬂnglehm
ring neans (590) is displayed to icate a co

cor r espondi ng t@@tﬂﬁﬂ%m@"%m infresponse to said u“@f@ﬁﬁ@ﬂ@d"*'ﬁ'ﬁ’@r’%ﬂ“%at
have been dis rt
means (300) pggﬁt%ng‘ds%§ W an§ ﬁﬁte means (180) mdcoﬁ)gmgr ﬁﬁ&ﬁééﬁ&gﬁg

nmetering plate and 180), sai d upper support neans havi ng
an opening (312 er than s . net er ed. dose, ho| e,
(184) and in ali gnnealsplavtwe@asdgw) through which 9@?(9?&?‘41893 nting in %2@8%%

said.-netered d JTBR0F t
i nhal ati on condurt E %Q)‘”“"t%f fing mean i alsgihﬁhe@qgg%%})% &rar,eans havi ng
powder ret ai nercmespor(dlﬂ@lo a number of doses of ppwdered materialthat have beeg

d
through the dosg, h spensed or remain to be dispensed.

2. The powder inhaler according to Claim 1, further inciuding an upper
suppott plate (300) positioned below and in contact with said metering plate
means (180), said upper support plate having an opening (312) _1'arger than
said metered dose hole means (184) and in alignment with said' metered
dose hole means when said metered dose hole means is in alignment with
said inhalation conduit (64), and retainer means (186) including a material
secured to an underside of said upper support plate selected from the group
consisting of a gas—permeable filter, a mesh screen, a porous material mesh
and a perforated plate element. ' |

3. The powder inhaler according to Claim 1 or 2, wherein said powder
inhaler includes a base (200) having an axially extending retaining post (218)
thereon coaxial with sald common axis, and said counter ring means
(590,620) is rotatably mounted on said base in surrounding relation to said
retaining post (218).

4, The powder inhéler according to any preceding claim, wherein said
counter ring means (590) includes a continuous counter ring (690) having
counting indicia (600) thereon, and an intérmittent counter ring (620)
coaxially mounted with said continuous counter ring (690) and havihg
counting indicia (628) thereon.

This is the replacement sheet

AU et an

- Date



2. . The powder inhaler according to Claim1l, wherein the powder retainer
means (186) conprises a material secured to an wunderside of said

upper support neans selected fromthe group consisting of a gas-

permeabl e filt erThisshEetHasBden Rap! ladeddOr ous material nesh and a

perforated plate el The powder inhaler according to daiml
or 2, wherein said
aX|aIIy ext endi-ng

nhal er includes a base (200) having an
post (218),t hereon coaxial with said

comon axi s, and said counter ring medr (590, 620) is rotatable -
mount ed -on said base in surrounding relation to sai d retaining post
(218) 4. The powder

i nhal er accordi @ t o e ppwdee inhalercacgongingie ((daim §aMDel'eln said eontinuous i ng

"l ci & (600) "t tRSuter i) ok GU8Y Yot B2 s &) Wigkerqund, said bRt " | 19

coaxi al | y nount espunitérviri héls ¢eat teeth (630 theréarouhdgand $8id astdiating means
includes pawl means (654) engaging with said gear teeth (602,604,606;630)
of said continuous counter ring (590) and said intermittent counter ring (620)
for rotating said continuous counter ring one incrérnent each fime that a
dose of the powdered material is dispensed to display another one of said
counting indicia of said continuous counter ring through said display means,
and for rotating said intermittent counter ring one increment every |
predetermined number of rotational increments of said continuous counter
ring to display another one of said counting indicia of said intermittent |
counter ring through said display means.

6.  The powder inhaler according to Claim 5, further including spring
means (658) for biasing said pawl means (654) into engagement with said
gear teeth of said continuous counter ring and said intermittent counter ring.

7. The powder inhaler according to Claim 6, wherein said pawl means
includes a pawl for engagement within the gear teeth of one of said
continuous counter ring ahd said intermittent counter ring, and a pawi
extension secured to the end of said spring means and positioned at a
height above said pawl for engagement within the gear teeth of said other of
said' continuous counter ring and said intermittent counter ring.

8. The poWder inhaler according to Claim 5, 6 or 7, wherein said gear
teeth of said continuous countef ring are arranged in correspondence with
said counting indicia thereon, and said gear teeth of said intermittent counter
ring are arranged in correspondencé with said counting indicia thereon.

. 9. The powder inhaler acooi'ding-to any of Claims 5 to 8, wherein the
gear teeth of said continuous counter rina include a plurality of successive
' This is the replacement sheet
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- . SRR . “,,,\_ .-??‘E'::_:::.—:;._:-'__.'-:_._.-:__:-;3.;::-.'j'-. e
havi ng counting indicia (628) thereon. 5. The powder i nhal er according

. to Cdaim4, wherein said continuous counter -ring has gear teeth
(602, 604, 606) therearound, said intermttent counter ring-has gear
teeth (630) therearound, and said actuating rreans |ncI udes W

means (654) engaging with said gear ) t eet hTHi ) of
sai d continuous counter ring (590) and said ounter

ri-ng (620) for rotating said continuous counter; ncrenent
each time that a dose of the powdered. mater{hl is dlspensed to
di spl ay anot her one of said counting indicia of 'sai d cont i nuous
counter ring through said display neans, and for rotating sai d

intermttent cdirstgeartesth (802)iofa ﬁnsbdepﬂfvand ab leasttoensecohd gear tootturber .
of rotational renepnts of said conti S counte n i spl ay
anot her one of @é @Oégeiﬁmmw%t%a H ‘5715 @gﬂgsénmfgh be?
ring through s HW%I qﬁgﬁ ﬁﬁﬁ@l
Claimb5, further i nc@ﬁg spr rgred@termlne rHB}SFé%#jP ngfng Sal pavvl
means (654) i ntsai@ngegnment cmunter ring includasda glewality oétshooéssma thmbgeanuous
counter ring a e ent n The
ring inhal er aggﬁa‘\j qq;@ tqtgafgl%l?&r\ gqual o the Heg F sgld seoor}qeg% P%gh eges
a pawl for engagaqeBhtifioly eoéﬁl%rﬁﬁ 'sd it Safdf pawpméfans engage%éwﬁh
continuous counter ring and said ermttent counter ring
successive ones of said f rst gear teeth (602) during successive dosmg
operations and engages with one said second gear tooth (604,606) and a
third gear tooth (630) of said intermittent counter ring after a plurality of the

dosing operations.

10.  The powder inhaler according to Claim 9, wherein said first and

- second gear teeth (602.604,606) are formed on an inner surface of said
continuous counter ring and said third gear teeth are formed on an inner
surfa_ce of said intermittent counter ring.

11.  The powder inhaler according to any of Claims 5 to 10, whérein said
pawl means engages said gear teeth of said continuous counter ring and
said intermittent counter 'ring to rotate said continuous counter ring and said
intermittent counter ring in a first rotational direction, and further including
detent means (224,232) for preventing rotation of said continuous counter
ring and said intermittent counter ring in a second rotational direction
opposite to said first rotational direction.

12. The powder inhaler according to Claim 11, wherein said detent means

includes first rotation prevention detent means (224) mounted on said base

for engaging with one of said first and second gear teeth (602,604,606) to

" prevent rotation of said continuous counter ring in sald second rotational

direction and second rotation direction and second rotation prevention detent

means (232) mounted on said base for ehgaglng with one of said third gear

teeth (650) to prevent rotation of said intermittent counter ring in said second
This is the raplacement sheet
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paw .extension secured to the end of said spring neans and

positioned at a hei ght above said paw for engagenent, within the gear
t.eeth of said other of said continuous counter ring and said intermttent
counter ring. This SHekt H8s Been Réplaced

powder inhaler according to Claim5, 6.or 7, wherein sai dgm II” II““teth
sai

of said continuous counter ring are arranged in correspon
intermttent counter ring are arranged in co ?éespondence with said

said counting indicia thereon, and said gear

counting indicia thereon. 9. The powder inhaler according to any of
Clains 5to 8, wherein the gear teeth of said continuous counter
ring include a pgpiatianal dirgetion. successive first gear teeth (602) of a
first depth and at | east one ‘second gear tooth (604, 606) of a
second, greater depth, each said second gear tooth being positioned

after every predfs.er Mhe powdsp dihaler according to any of Claims 5 to 12, wherein said
actuating means (640) further includes pawl driver means (642) for
incrementally rotating said pawl means (654). said pawl driver means
including a retalher (260) rotatably mounted on.said' base coaxially with said
continuous counter ring and said intermittent counter ring, said retainer
including first paw! driver means (278) for engaging with one side of said
pawl means to incrementally rotate said pawl means in the first rotational
direction at the end of rotation of said retainer in said first rotational direction
and second pawl driver means (276) for engaging an opposue side of said
pawl means to mcrementally rotate said pawl means in a second opposite
rotational direction at the end of rotation of said retainer in said second,
opposite rotational direction.

14. The powdér inhaler according to Claim 13, wherein said first and
second pawl driver means are formed as opposite edges of an arcuate pawl
- driving wall (274) connected with said retainer.

16. The powder inhaler according to Claim 13, wherein said first and
second pawl driver means are formed as radially extending pawl driving end
walls connected with said retainer.

16.  The powder inhaler according to Claim 13, wherein said first and
second pawl! driver means are spaced apart by a distance such that rotation
of said retainer by a first arcuate distance causes incremental rotation of
said pawl means by a second smaller arcuate distance.

17. The powder inhaler according to Claim 13, wherein said powder
housing means includes holding means for carrying sald retainer with said
powder housing means during sald relative rotation between said metering
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of said first gear teeth; and said intermttent counter ring includes a
plurality of successive third gear teeth (630) of a depth equal to the
depth of each said second gear tooth of said continuous counter ring

so that 'said pawl neans engages w th-successive ones of said first

gear teeth (602)rh|d8heet asBeereBeplaoedd05| ng operations and engages

wi th one said sec

(630) of said |nte rlng af t h a plurality of the dosing
oper at i ons. powder |nh il er accoftting to Claim9, wherein said
first and second gear teeth ('602, 604, 606) are forned on an inner
surface of sai d conti nuous counter ring and said third-gear teeth are
formed on plate means and saidepawdenhausing eneans aboutcsaicdcommomgentrall 1.

The powder inhaler according to any Clains 5 to 10, wherein said

paw neans enga@é@' said gear teeth of said continuous counter ring

and said intermttent counter ring to rotate said continuous counter
ring and said intermittent counter ring.in a first rotational direction,

and furth@r | Mbeawderdehaler agearing toClainedy, whereain saishkolding
rotation of 0
counter ring i nmgan%ﬁh&’iuaggég%ang me:%‘oéi(ggciﬁ%é%pogm@%#éﬁ%gi rst
rotational direniéaps and said retainer, and at least one drive ear (270) in the other of said
powder housing means and sald retainer, said at least one drive ear
engaging within said at least one drive slot.

18. The powder inhaler according to any of Claims 5 to 18, wherein the
gear teeth of said intermittent counter ring have a configuration with an
outer, substantially circumferentially extending portion and a sloped portion
extending inwardly from said circumferentially extending portion.

20. The powder inhaler according to any of Claims 4 to 19, wherein said
continuous counter ring is rotatably mounted on said base, and sald
intermittent counter ring is rotatably mounted on said continuous counter ring
.coaxially with said continuous counter fing..

21. The powder inhaler according to any of Claims 4 to 19, wherein' said
intermittent counter ring is rotatably mounted on said base, and said
continuous counter ring is rotatably mounted on said intermittent counter ring
coaxially with said int_ermittehi counter ring. '

22. The powder inhaler according to any preceding claim, further including
lock—out means (632,336) for preventing said relative rotation of said powder
housing means and said metering plate means after a predetermined
number of doses have been dispensed.

23. The powder inhaler aocerding to Claim 22, further including a base
(200) on which said metering plate means is non-rotatably mounted and an
This is the replacement sheet
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75 12. The powder i nhal er accdrdi ng to daim 11, wherein said detent

means I ncludes first rotation prevention detent neans (224) nounted
on said base for engaging with one of said first and:-second gear
teeth (602, 604, 606) to prevent rotation of said con’ltmsﬁr@uﬁ-lé‘sCBééh |ced
ring in said second rotational direction and second rot

direction and second rotati on prevention detent neans (

on said base for engagi ng with one of said third gear te

prevent rotation of said intermittent 7€ounter ring in said second_
rotational direction. 13. The powder inhaler according to any of C ains
5to 12, wherein said actuating neans (640) further includes paw
driver neans (64adapter (320) non-lrﬁtat&ﬂyﬁﬁo\llﬁthd iopt Sdidl 'hse? seidoRok—otEMeah§54) -
said paw driver, nmepans udi ng a retainer (26()) T ot at any rmunt ed

on said base coa'k‘PBAqlfig a dosagevumntners@bo@a@hpn @idigdapten: and tam gneans (63

ttent | dr |
LT, g e 8 S A
i ncrement al |y r opredeterained mumberasfdoses havel ledrdispenséd.r ot at i onal

direction at the end of rotation of said retainer in ~said first _
rotational direction and second paw driver neans (276) for . engagi ng

an opposite sidepgl sthd fAVderTRRARr bBcordfiPEP A btecddfid bfaim, further
comprising closure cap means (520) for covering said powder housing
means and for priming said powder inhaler for use, said closure cap means
including priming means (5634,536) for rotating said powder housing means
such that said inhalation conduit is in communication with said metered dose
hole means when said closure cap means is removed from covering relation
of said powder housing means and for rotating said powder hoqéing means
such that said inhalation conduit is out of communication with said metered
dose hole means and such that said powder supply opening comes into
communication with said metered dose hole means when said closure cap
means is secured in covering relation to said powder housing means. .

25. The powder inhaler according to Claim 24, further including adapter -
means (320) rotatably mounted with respect to said powder housing means
(20)' and non-rotatably mounted with respect to said metering plate means
(180), said adapter means (320) including first helical threads (352) and sald
5 ' closure cap means including second helical threads (530) for engaging with
said first helical threads to threadedly connect said closirre cap means on
said adapter means.

26. The powder inhaler adcording to Claim 25, wherein said powder
housing means includes at least one driving recess (1 64,166) and said
priming means includes rib means (534,536) on an inside surface of said
closure cap means (520) for engaging with said at least one driving recess
to rotate said powder housing means (20) such that said inhalation conduit
is in communication with said metered dose hole means when said closure

This is the replacement sheet

I -4 JuN 99

Date:




sai d. paw means in.a second, opposite rotational direction at the end
of rotation of said retainer in said second, opposite rotational direction.
14. The mﬂ@heetmaalBeen ae;ﬂanedl ng to G aim13, wherein said first and

second pawl dr forrred as opposite edges of an arcuat e
paw driving ected with said retainer. 15. The powder
a| m

_inhal er according to 3, wherein said first and second pawl
drlver nmeans are forned as radi aIIy exte gl ng pawl driving end walls
connected with said retainer. powder inhaler according to
Claim 13, wherein said first and second paw driver neans are spaced
apart by a distance such that - rotation of said retainer by a first

ar cuat e di stcapcmeamsds thieadediyramoved from saidacoveting relation pbsaid powderby a
second smal lt'neéus?ﬁgc lrjr?éaensdérslé E?or rotating sald powder housing means such that said
inhalation conduit is out of communication with sald metered dose hale
means and such that said powder'subply opening comes into communication
with said metered dose hole means when said closure cap means is
threadedly secured to said adapted means in covering relation to said

powder housing means.

27. The powder inhaler according to any preceding claim, further
comprising:

nozzle means (380) for breaking up agglomerates of powdered
material from said inhalation conduit to form micronized powdergd material
and for mixing said micronized powdered material with suction air, said
nozzle means including

cavity means (412) for changing the direction of flow of said powder
from said first direction of said inhalation conduit to a second direction
different from said first direction, and swirl means (412) for substantially

continuously changing the direction of flow of said powder in said second
direction in said cavity means.

28. The powder inhaler awoﬂing to Claim 27, wherein said cavity means is
defined by a top wall (442) and a skirt connected to a periphery of said top
wall in surrounding relation to said swirl means. |

29. The powder inhalér'acoording to Claim 28, wherein said top wall (442)
includes an opening (450) for changing the direction of flow of said powder
from said second direction of said cavity means substantially back to said
first direction.

30. The powder inhaler according to Claim 29, wherein said top wall has a circular

shape and said opening is centrally located in said top wall.
This is the repiacement sheet
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76 17 The powder inhal er accoereéing—to—Carm-13,—wherein said powder
hogsi ng means includes hol ding meafs &AL 1S dabh R E?éod retainer- with

sai d powder housing neans during sal Il on between said
metering plate neans and said powder "Hﬁ}ﬂ@ﬂﬁﬂmrabout sai d common
central axis. 18. The powder i nhal to Claim17, wherein

sai d hol di ng means includes at |east one drive slot (34) in one of
sai d powder " housing nmeans and said retainer, and at | east one drive
ear (270) in the other of said powd2® housi ng neans and said
retainer, said at | east one drive ear engaging within said at |east
one drive slot. 19. The powder inhaler according to any one of Clains 5

to 18, whereingq Thetdvb\n%\{c%”r%hé%‘?téb&i’di@gitl@ CHify 291dre86, Hafaiﬁrsa[iq'l )’%‘iviﬁ%@ans

a configuration an outer, su antrally circunterentia

ext endi ng por tincludead eurved wall extereding from saidepeninigrie isadd: dkirft.om sai d
circunferentially ext endi ng porti.on. 20. The powder i nhaler _
according to any of Cains 4 to 19, wherein said conti nuous counter

ring is rotatagpy rPheipotvder inhaler aesordingdo Claim 31, wherein saidiqureed wall
counter ring is rotatably nmounted on said continuous counter ring
coaxi al |y wi t lextands do & substastialy spieal rpanger.

33.  The poWder inhaler according to Cléim 32, wherein said curved wall has a first
curvecf wall section extending partially about said central opening and a

second curved wall section extending from one end of said first curved wall
section to said skirt, each of said first and second curved wall sections

extending essentially along a circular arc, with the radius of the circular arc

of said second curved wall section being greater than the radius of the

circular arc of said first curved wall section. |

34. The powder inhaler according to Claim 33, wherein said curved wall is
. 'connected with said top wall.

- 35. The powder inhaler according to Claim 33 or 34, further including chimney
e means (404) extending from said top wall in surrounding relation to said
central opening for changing the direction of flow of said powder from said
_ second direction of said cavity means substantially back to said first
& direction.

36. The powder inhaler according to Claim 35, wherein said chimney means (404)
has a central axis and said inhalation conduit has a central axis parallel to
and offset from the central axis of said chimney means.

37. A powder inhaler according' to any of Claims 1 to 26, further
comprising a nozzle (480) for feducing particle size of agglomerates of
powdered material entering the nozzle from the inhalation conduit extending
in a first direction in a powder inhaler, to form micronized powdered material
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21.  The powder inhaler according to any of Clains 4 to 19, wherein said
intefmttent counter ring is rotatably nounted on said -base_and said
continuous counter ring,i's rotatably nmounted on said inter 't% nt

counter ring coaxially with said intermttent counter rligSnestHas Beenfeoplaced
powder inhaler according to any preceding claim further MIH; IJ

| ock-out neans (632, 336) for preventin aid relative rotl 5 i
“powder housi ng nmeans and said netering plate neans after a -
predet er mi ned nunber of doses have been di spensed. '

77 23. The powder inhal er according to O ai méz, further including a
base aa or) mixingrsiaith reigrenized epwvsigred materabyith; sUGlon ainisaidpl y
nount ed and an.adapter (320) non-rotatably mounted on sai d base,
said | ock- Nozzle comprisiidys i ncl uding a dosage liniter tab (336) on said
adapter, and an outer wall defining a conduit (496) having-a shape substantially of

an inverted tornado defined by a continuously changing cross-sectional
circular area having a radius which changes exponentially by depth from a
lower outer circle of a first radius to an upper circle of a second, smaller
radius, and haviﬁg an origin which moves in a circle that changes with

depth.

38. The powder inhaler according to Claim 37 wherein said shape is defined by

‘the equation: . : _
. (x-a)? + (y-b)? = ¢ + ¢ * ¥,
- where a = ag * sine (a; * n), -
b = b, * cosine (b, * m), ' _
' Co + ¢ is’ the radius of a lowest cross-—sectional circular
area of the’ 'i‘n‘.ierted tornado ‘shape, ' ' '
C, is the radius of an uppermost cross-sectional circular
area of the inverted tornado shape, .- _
"ay + a; is the x—-coordinate of the lowest cross—sectional
circular area, : ' ' -
a, is the x-coordina-te of the uppefmost cross—sectional
‘circular area, Cr
by + b; is the y-codrdinate of the*lowest cross-sectional
circular area, | ' ) ) '
b, is the x-coordinate of the uppermost cross-sectional
circular area, - ' |
X, Y and z are x-, y- aﬁd z~ coordinates, and:
kX is an exponential coefficient which defines the geometry
of a spiral of the inverted tornado shape. '
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tab nmeans (632) on said counter neans for engaging with said dosBGer

limter tab when said predeterm ned number of doses have been

di $pensed. 24. The powder

further conprising closure cap neans (520j) Ny, .FFSEQ 5

housi ng means and for primng said Qowder a%e_f' ) se,

cl osure cap means including prim n meansj ( Z,I’”“1 fpc’)l € 'O'tét’l
sai d powder - housi ng neans such that said jnr ar4mt ¥ -ite
conmuni cati on Wt h

cap neans is CLAIM&noved from covering rel ati

i nhal er according to any preceding claim

wder

s.dc

’Hw} .....
qagua A

sai d metered dose hol €l :?gqhé“’m §§E o} 6%1]3‘*5 -----

nmeans and for rotating said powder housing neans such that sai d

is out of comunicati on DATH GBI REQBIRT e%ﬁ.ﬁ:{m
hol e neans and slich A powdeninialerscomprisingder supply OpEni Ng COMES TTITO
met ered dose hol e neans when said closure
covering relation to said powder housi ng
means. 25. The powder ﬂqmélpu%immaahﬁ@@)dodldﬂmmumcﬂmwdem udi ng

i nhal ati on condui t

comuni cation with said
cap neans is secured in

adapt er means (320) Y Wi r 6 t

housi ng means (20) %‘%\% '%'E)ﬁgro n?ggéﬁgbuér\ét?%d rhégs"z ﬁi'tegiqsal d

met eri ng ~ plate mearwc'(ld_lBQFn irmlalnoa@ammir(Sﬁb@ﬂenc[irmzm)ereﬂnroumimg first
“hel i cal threads (3

I | ond
hel i cal t hreads (53 F(yr&“z’ﬁd'ggfshg W t sal E %I r ?We#f%%et? reads.

to threadedly connegategal, d cl osure cap neans on sai d adapter neans.

metering plate means (180) for holding a metered amount of
said powdered material, said metering plate means including
metered dose hole means (184) for holding said metered
amount of said powdered material, said metering plate means
being positionable below said supply of powdered material,
and said metering plate means and said powder housing
means being relatively rotatable with respect to each other
about a common central axis so that said metered dose hole
means (184) can be placed in fluid communication selectively
with said supply of powdered material or said inhalation
conduit (64);

spring means (290) for biasing said metering plate means
(180) and said powder housing means (20) toward each other
to ‘maintain contact therebetween, characterised in that the
powder housing means (20) and the metering plate means
(180) are relatively bidirectionally rotatable, the inhaler further
comprising : _

rotation limiting means for restricting relative rotation between
said powder housing means and said metering plate means to
a predetermined angle;

counter means for providing a visual count of the number of
doses of said powdered material that have been dispensed or
remain to be dispensed in response to said relative rotation of

e
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26. ‘The powder inh
housi ng nmeans i ncludes at | east one driving recess (164, 166) and

said primng nmeans includes rib neans (534, 536) on an i.nside surface
of said closure cap neans (520) for engaging with said at | east one

78

such that

al er according to Caim?25, wherein said powder

driving recess to rotate said powder hou %19 means (20)

sai d i nhal ati on condui is in communication with said

net ered dose hol e neans when said closure cap neans is threadedly
renoved from said coveri nsaudqdcmdeahoaémgmeénacamesammmm@ plaeMeans, - and
for rotating said powder hoysi ng neans suc t hat said inhalation
is out of communi S&FCHMES MEAASINGIUABBer ed dose hol e neans

and such that said powder coutited mhg)mean@esgooezﬁ) foﬂpmviaﬁ@w vrehaqubunt
with said netered dose hol e neans when said c¢losure ca S

threadedl y secured to sai 32id#9HMER "ﬂ%é‘?%an?ﬁ’eﬂgv‘éﬂ"?'\’?&t'? "&t’?’@??bﬂ%ag%td

condui t

powder

housi ng neans.

said common central axis and having counting indicia (600)
thereon for displaying said visual count, and

actuating means (640) for incrementally . unidirecfionally
rotating said counter ring means (590) in response to said
bidirectional relative rotation between said metering plate
means (180) and said powder housing means (20);

displaying means (330) through which one of said counting
indicia (600) from said counter ring means (590) is displayed to
indicate a count corresponding to a number of doses of |
powdered material that have been dispensed or remain to be
dispensed; upper support means (300) positioned below and in
contact with said metering plate means (180), said upper
support means having an opening (312) larger than said
metered dose hole means (184) and in alignhment with said
metered dose hole means when said metered dose hole
means is in alignment with said inhalation conduit (64); and
said upper support means having powder retainer means (186)
for preventing powder falling through the dose hole.

The powder inhaler according to Claim 1, wherein the powder retainer
means (186) comprises a material secured to an underside of said
upper support means selected from the group consisting of a gas-
permeable filter, a mesh screen, a porous material mesh and a
perforated plate element. |

The powder inhaler according to Claim 1 or 2, wherein said powder
inhaler includes a base (200) having an axially extending retaining
post (218) thereon coaxial with said common axis, and said counter
ring means (590, 620) is rotatable mounted on said base in
surrounding relation to said retaining post (218).
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27. .The powder inhaler according to any preceding claim further

conpri si ng: nozzl e means (380) for breaking up aggl onerates
of  powder ed material fromsaid inhalation conduit to form

m croni zed powdered material and for mxing said mcronized
powder ed material with suctipn air, said nozzle means

I ncl udi ng cavity neans (412) for changing the direction of
flow of said powder fromsaid first direction of said

i nhal ation condyit tqpa polwder inhaler aocoﬁﬂfgotEiaﬁU RebURY dHitf Wherdin kail@m sai d

first direction, and swr 41 or substant
conti nuously changl ngoumter ring means (590) "H’Ndéﬁtq Q!%’oF?&W’ r §'89cfk§®\/\der

sai d second directi ORgalifig %hﬁlng indicia (600) thereéﬁ‘Véﬁé’aﬂTihPé?ﬁlttent 8t§’unter rifige
powder inhal er accordin to Claim 27, wherein said cavi

t
defined by a top wal I(6% @PXlaﬂwmumﬁer'“béﬂﬁé@[‘U&l—'quﬁ @uﬂéf FB%é?%p)cﬁ"d

said top wall in suriauindicBantrdl irditiate2s) tifetbéh.SW rl  neans. The
powder inhal er accordi nlggto rfgllml % 8’ere| n said top wall (442)

i ncl udes an opening (450) for chang| ng the direction of flow of said
powder from sai & secqiyd shviddrlihitdleChccddifly G6\Clhith WE Wherekt BalaEUntiAlous

back to said first direction.
counter ring has gear teeth (602, 604, 606) therearound, said
intermittent counter ring has gear teeth (630) therearound, and said
actuating means includes pawl means (654) engaging with said gear
teeth (602, 604, 606, 630) of said continuous counter ring (590) and
said intermittent counter ring (620) for rotating said continuous counter
ring one increment each time that a dose of the powdered material is
dispensed to display another one of said counting indicia of said
continuous counter ring through said display means, and for rotating
said intermittent counter ring one increment every predetermined
number of rotational increments of said continuous counter ring to
display another one of said counting indicia of said intermittent counter

ring through said display means.

6. The powder inhaler according to Claim 5, further including spring
means (658) for biasing said pawl means (654) into engagement with
said gear teeth of said continuous counter ring and said intermittent
counter ring.

7. The powder ring inhaler according to Claim 6, wherein said pawl
means includes a pawl for engagement within the gear teeth of one of
said continuous counter ring and said intermittent counter ring, and a
pawl extension secured to the end of said spring means and
positioned at a height above said pawl for engagement within the gear
teeth of said other of said continuous counter ring and said intermittent
counter ring. ’
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30. ‘The powder inhaler according to Caim29, wherein said top-wall

circul ar shape and said opening is centrally located in said top wall.
i nhal er according to Claim?29 or 30, wherein said

79 31. The powder

has a

swirl - means includes a curved wall extending fromsaid opening to
sai d skirt. 32. The powder inhaler according to O aim 31,
wherein said curved wal I extends i ffa substantial y spiral manner.
33. . .The powder inhaler according to Claim 32, wherein said curved wal l

has a first curyed Wi sfidr Gt &RONHY BFEkIA'S, 6 GOP Uinth ki Bbsr

openi ng and a second cur

sectlon-ext ending frorh one en

said first curved m/alteetbexttsanrcmmtmsgtouktier ting ee&:arrarfgedam gomespondm second
curved val | secti ons it Qo BGuRRG Cbiod erdb®"nd! Sid GehRtedhC of Yok

intermittent counter ring are arranged in correspondence with said

- counting indicia thereon.

10.

The powder inhaler according to any of Claims 5 to 8, wherein the
gear teeth of said continuous counter ring include a plurality of
successive first gear teeth (602) of a first depth and at least one
second gear tooth (604, 606) of a second, greater depth, each said
second gear tooth being positioned after every predetermined number
of said first gear teeth; and said intermittent counter ring includes a
plurality of successive third gear teeth (630) of a depth equal to the
depth of each said second gear tooth of said continuous counter ring
so that said pawl means engages with successive ones of said first
gear teeth (602) during -successive dosing operations and engages
with one said séoond gear tooth (604, 606) and a third gear tooth
(630) of said intermittent counter ring after a plurality of the dosing
operations.

The powder inhaler according to Claim 9, wherein said first and
second gear teeth (602, 604, 606) are formed on an inner surface of

~ said continuous counter ring and said third gear teeth are formed on

11.

an inner surface of said intermittent counter ring.

The powder inhaler according to any Claims 5 to 10, wherein said
pawl means engages said gear teeth of said continuous counter ring

“and said intermittent counter ring to rotate said continuous counter

ring and said intermittent counter ring in a first rotational direction, and
further including detent means (224, 232) for preventing rotation of
said continuous counter ring and said intermittent counter ring in a
second rotational direction opposite to said first rotational direction.

0 T T T
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the radius of the circular arc of said second curved wall section being
greater than the radius of the circular arc of said first curved wall

section. 34. The powder inhaler according to Claim 33, wherein said
curved wall is connected with said top wall.  35. The powder

I nhal er according to Claim33 or 34,: further including chi mey neans
(404) extending fromsaid top wall in surrounding relation to said
central opening for changing the direction of flow of sai d powder
from sai d second2di r gaé lp@ﬂd@ff mﬁélélda&éiﬂlr‘ig’tormaﬁﬂ wherem%‘dglsdééﬁt'n?één\é back
to said first directjon. The powder 1 nhaler accor ai m 35,
wherein sai d chi meylncludes f’ﬁ‘fé%iﬁgor( prg¥gntion defent agans|(224Jino gtarsaldf

i nhal ati on condui t hpgseifor engaging With'cHe Pdakd firdt %hb%laoé %é&il 18dth {662, r om
the central axis of said chi g g Q means. r@h wc} { I ihal er

according to any of EP4i 59.5)1%969%" rqtatiomel; said contlm@uawpu@engngumgalgl e
(480) for reduci ng pagddnal BtatibA&l d?iecﬁ&%ﬁd@é&in@srofgtloa dlrectlonoél’(&jgé@o‘iin

material entering the nozzle fromthe 1 nhalation con xtendl ng
in a first directionft@tion prexeeton defantmeans (E@Z)rmwoﬁedmrmald base for

engaging with one of said third gear teeth (630) to prevent rotation of
said intermittent counter ring in said second rotational direction.

13.  The powder inhaler according to any of Claims 5 to 12, wherein said
actuating means (640) further includes paw driver means (642) for
incrementally rotating said pawl means (654), said pawl driver means
including a retainer (260) rotatably mounted on said base coaxially
with said continuous counter ring and said intermittent counter ring,
said retainer including first pawl driver means (278) for engaging with
one side of said paw means to incrementally rotate said pawl means
in the first rotational direction at the end of rotation of said retainer in
said first rotational direction and second pawl driver means (276) for
engaging an opposite side of said pawl means to incrementally rotate
said paw means in a second, opposite rotational direction at the end
of rotation of said retainer in said second, opposite rotational direction.

14.  The powder inhaler according to Claim 13, wherein said first and
second pawl driver means are formed as opposite edges of an
arcuate pawl driving wall (274) connected with said retainer.

15.  The powder inhaler according to Claim 13, wherein said first and
second pawl driver means are formed as radially extending pawl
driving end walls connected with said retainer.

16.  The powder inhaler -according to Claim 13, wherein said first and
second pawl driver means are spaced apart by a distance such that
rotation of said retainer by a first arcuate distance causes incremental
rotation of said pawl means by a second smaller arcuate distance.
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80 : powdered material and for nixing said m croni zed powder ed
mat eri al Wi th suction air, said nozzle conprising:

an outer wall defining a conduit (496) having a shape

substantially of an inverted tornado defined by a continuously
changi ng cross-sectional circular area hayjing a radi us which

changes exponentially by depth from a | ow® out er circle of a

first radius to an upper circle of a second, smaller radius, and

having an ori gi nzwhi cihepi@der Mhalef dcedringf Ng8S wibleth said powde
dept hg 38. The powgg? i nhral er eaccorrg}n%]g to aim #%‘_erel r_lpsal_cf shape
is defi ned by hoHging feansdpeludes holding means for carrying said retainer with

said powder housing means during said relative rotation between said
metering plate means and said powder housing means about said
common central axis. '

18.  The powder inhaler according to Claim 17, wherein said holding
means includes at least one drive slot (34) in one of said powder
housing means and said retainer, and at least one drive ear (270) in
the other of said powder housing means and said retainer, said at
least one drive ear engaging within said at least one drive siot.

19.  The powder inhaler according to any one of Claims 5 to 18, wherein
the gear teeth of said intermittent counter ring have a configuration
with an outer, substantially circumferentially extending portion and a
sloped portion extending inwardly from said circumferentially
extending portion. '

20.  The powder inhaler according to any of Claims 4 to 19, wherein said
continuous counter ring is rotatably mounted on said base, and said
intermittent counter ring is rotatably mounted on said continuous
counter ring coaxially with said continuous counter ring.

21.  The powder inhaler according to any: of Claims 4 to 19, wherein said
intermittent counter ring is rotatably mounted on said base, and said
continuous counter ring is rotatably mounted on said intermittent
counter ring coaxially with said intermittent counter ring.

22.  The powder inhaler according to any preceding claim, further including
lock-out means (632, 336) for preventing said relative rotation of said
powder housing means and said metering plate means after a
predetermined number of doses have been dispensed.

l Date:
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(x-a)ferr] + (y+b)[err] = derr] + C[err]’-k e[efr], wher e

a = a[err] *sine (a[err] *[err]), b = b[err] *cosine (b[err]
*[err]), c[err] + c[err] is the radius of a |owest
cross-sectional circular area of ' the inverted tornado shape,
cl[err] is the radius of an uppernost cross-sectional circular area of

the inverted tornado shape, 77a_[err] + alerr] is the

x-coordi nate of the |owest cross-sectional circular area,

eth \ : . .
aferr] is the X2§9°“1"g Ziror%jd%fr wf)l-{égerr;’ei&lslfgfﬂt&ﬁfg gfaﬂﬁ%z??&ﬁﬂe?riﬁ&lud?ﬁd SUbddle

area, r -coordi nate of the |owest
cross-sectional circ@?)) on which said meteringplate means is non-rotatabljymeuptedi s t he

X-coordi nate of the I - Sectd Lhted! & said ba id lock- ar ea,
Y and 7 are x-, y RS BEbter (350 el molhfed o said base, said look-
out means including a dosage limiter tab (336) on said adapter, and
tab means (632) on said counter means for engaging with said
dosage limiter tab when said predetermined number of doses have

been dispensed.

24. The powder inhaler according to any preceding claim, further
comprising closure cap means (520) for covering said powder housing
means and for priming said powder inhaler for use, said closure cap
means including priming means (534, 536) for rotating said powder
housing means such 'that said inhalation conduit is in communication
with said metered dose hole means when said closure cap means is
removed from covering relation of said powder housing means and for
rotating said powder housing means such that said inhalation conduit
is out of communication with said metered dose hole means and such
that said powder supply opening comes into communication with said
metered dose hole means when said closure cap means is secured in

" covering relation to said powder housing means.

25. Th.e powder inhaler according to Claim 24, further including adapter
means (320) rotatably mounted with respect to said powder housing
means (20) and non-rotatably mounted with respect to said metering
plate means (180), said adapter means (320) including first helical
threads (352) and said closure cap means including second helical
threads (530) for engaging with said first helical threads to th'readedly
connect said closure cap means on said adapter means. '

26. The powder inhaler according to Claim 25, wherein said powder
housing means includes at least one driving recess (164, 166) and
said priming means includes rib means (534, 536) on an inside
surface of said closure cap means (520) for engaging with said at
least one driving recess to rotate said powder housing means (20)

* C L M S *
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81 k-:is an exponential coefficient which defines the geonetry of a spiral
of the inverted tornado shape.

. . 78
such that said inhalation conduit is in communication with said

metered dose hole means when said closure cap means is threadedly
removed from said covering relation of said powder housing means
and for rotating said powder housing means such that said inhalation
conduit is out of communication with said metered dose hole means

" and such that said powder supply opening comes into communication
with said metered dose hole means when said closure cap means is
threadedly secured to said adapted means in covering relation to said
powder housing means.

27. The powder inhaler according to any preceding claim, further
comprising : '

nozzle means (380) for breaking up agglomerates of powdered
material from said inhalation conduit to form micronized
powdered material and for mixing said micronized powdered
material with suction air, said nozzle means including

cavity means (412) for changing the direction of flow of said
powder from said first direction of said inhalation conduit to a
second direction different from said first direction, and swirl
means (412) for substantially continuously changing the
direction of flow of said powder in said second direction in said
cavity means.

28. The powder inhaler according to Claim 27, wherein said cavity means
is defined by a top wall (442) and a skirt connected to a periphery of
said top wall in surrounding relation to said swirl means.

29.  The powder inhaler according to Claim 28, wherein said top wall (442)
includes an opening (450) for changing the direction of flow of said
powder from said second direction of said cavity means substantially
back to said first direction.

30. The powder inhaler according to Claim 29, wherein said top wall has a
circular shape and said opening is centrally located in said top walll.
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31.

32.

33.

35.

- 36.

37.

79

The powder inhaler according to Claim 29 or 30, wherein said swirl
means includes a curved wall extending from said opening to said
skirt.

The powder inhaler according to Claim 31, wherein said curved wall
extends in a substantially spiral manner.

The powder inhaler according to Claim 32, wherein said curved wall
has a first curved wall section extending partially about said central
opening and a second curved wall section extending from one end of
said first curved wall section to said skirt, each of said first and second
curved wall sections extending essentially along a circular arc, with
the radius of the circular arc of said second curved wall section being
greater than the radius of the circular arc of said first curved wall
section.

The powder inhaler according to Claim 33, wherein said curved wall is
connected with said top wall.

The powder inhaler according to Claim 33 or 34, further including
chimney means (404) extending from said top wall in surrounding
relation to said central opéning for changing the direction of flow of
said powder from said second direction of said cavity means
substantially back to said first direction.

The powder inhaler according to Claim 35, wherein said chimney
means (404) has a central axis and said inhalation conduit has a
central axis parallel to and offset from the central axis of said chimney
means.

The powder inhaler according to any of Claims 1 to 26, further
comprising a nozzle (480) for reducing particle size of agglomerates of
powdered material entering the nozzle from the inhalation conduit

extending in a first direction in a powder inhaler, to form micronized
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powdered material and for mixing said micronized powdered material
with suction air, said nozzle comprising :

an outer wall defining a conduit (496) having a shape
substantially of an inverted tornado defined by a continuously
changing cross-sectional circular area having a radius which
changes exponentially by depth from a lower outer circle of a
first radius to an upper circle of a second, smaller radius, and
having an origin which moves in a circle that changes with
depth.

38. The powder inhaler according to Claim 37 wherein said shape is -
defined by the equation :

(x-a)? + (y+b)? = Co + Ci* ™%,
where

a = ao *sine (a; *xn),

b = b, *cosine (b; *=x),

Co + ¢4 is the radius of a lowest cross-sectional circular area of
the inverted tornado shape,

Co is the radius of an uppermost cross-sectional circular area of
the inverted tornado shape,

ao + a, is the x-coordinate of the lowest cross-sectional circular
area,

ay is the x-coordinate of the uppermost cross-sectional circular
area,

be + b, is the y-coordinate of the lowest cross-sectional circular
area, _

be is the x-coordinate of the uppermost cross-sectional circular
area,

X, Y and z are x-, y- and z- coordinates, and

/ € - @ .
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k is an exponential coefficient which defines the geometry of a
spiral of the inverted tornado shape.
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ABSTRACT

:

INHALER FOR POWDERED MEDICATIONS

A powder dispenser includes a powder housing for
holding a supply of powdered material to be dispensed,
the powder housing including an inhalation conduit
provided displaced relation to the powdered material
supply; a metering plate including a metered dose hole
for holding a metered amount of the powdered material,
and positioned below the powdered material supply, the
metering plate and the powder housing being relatively
rotatable with respect to each other about a common
central axis; a counter providing a visual count of the
number of doses of the powdered material that have been
dispensed or remain to be dispensed in response.to the
relative rotation, the counter including counter rings
providing the wvisual count, the counter rings being
rotatable about the common central axis and having
indicia thereon which display the visual count, and an
actuating mechanism rotatable about the central axis
for incrementally rotating the counter rings in
response to the relative rotation; a nozzle for
breaking up aggiomerates of powdered material from the
inhalation conduit to form micronized powdered
material, the nozzle including a cavity for changing
the direction of flow of the powder from the direction
of the inhalation conduit to a second different
direction, and a curved wall for substantially
continuously changing the direction of flow of the
powder in a spiral manner in the second direction in
the cavity; and a closure cap covering the powder
housing and priming the powder dispenser for use
automatically upon removal thereof.

Figure 3
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