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The present invention relates generally to powder 5 dispenser assenblies

and, nore particularly, is directed to a powder dispenser ephl y
used for WOiHE¥MAt i on of a netered dose of a powdered neagzﬁﬁéﬁ?gg

10

INTRODUCTION TO THE INVENTION

The present invention relates generally to powder
5 dispenser assemblies and, more particularly, is
directed to a powder dispenser assembly used for
inhalation of a metered dose of a powdered medicament.
When delivering medicaments, that is,
pharmacologically active compounds, in solid form to
10 the respiratory tract and to the lungs, careful
attention to the accuracy of the dosage, which can be
smaller than 0.1 milligram, must be made. This is
because such medicaments are often quite potent, and
the administration of excessive amounts thereof could
15 be harmful to the patient. Further, if the dosage that
- is delivered is too small, it will not serve its
purpose, :
It is also necessary that the particles leaving
the dispenser assembly be substantially within a
20 particular size range, since particles of the
medicament which are too large may not enter a desired
lower portion of the respiratory tract, such as the
bronchial tree or lungs, but instead will be deposited
in the mouth or pharynx and thence enter the digestive
25 tract. As an example, preferred particles usually are
considered ag having a diameter less than about 10
micrometers.
Various devices have been used in order to
dispense a metered dose of powdered medicament,
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In addition to the aforementioned types of
dispenser assemblies, powder dispenser assemblies are
also known. Studies have shown that there are virtually
no significant differences in bronchodilator responses

15 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.

20 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withdrawn during inspiration so there is less need to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 inspiration to insure quality

. of the product delivery.

25 One such device has been described in published
International Patent Application No. WO 94/13492.
However, it has been discovered that various
enhancements thereto are possible and desirable, as
will now be described.

30 In the first place, when agglomerates comprised of
hard particles are used, for example, having a bulk"
density of 0.29 to 0.36 g/ml, in contrast to standard
agglomerates having a bulk density of approximately
0.27 g/ml, the respirable fraction, that is, the

35 portion of the particles that can enter the lower
airway, may be less than that which is desirable. For
example, experiments have shown that the respirable



WO 97/ 30743 PCT/ US97/ 01562

2 I ncl udi ng pressurized aerosol devices, nebulizing devi ces, punp
i nhal ators and the like. with the current concern over environmental

| ssues, however aerosol devices, which constitute a Igégﬁ ri.,of the
5 devi ces n3FH* e nar ket, are |l ess favored. Further, w?sﬁﬁé}éﬁrzosol
devi ces, the nedicanent is dissolved or suspended in a liquid
propel Il ant m xture, which results in the introduction of unneeded

chem cal substangggction EpbR the pedienndispénder GEldshd 0 the conplexity
of the 10 devi ¢ ntioned types of

S. R .Ip addition to the afore
di spenser assenmbP8% ,emﬁBRb@?'eﬁi %gﬁg’g?éh%’%%}m??%‘gl?ﬁ i n&’lél%o known.
Studi es have shofprmhdetineref apemetasope/lactose mgglapstatamthatiimemences
i n _bronchodi | at ogompeReRteseight ¥at o st ¥ etpPoPLE S G1ymiiciithaloy

subst ances a nistered eifher, by. powder di spensin evi ces Qr

agrosol devi Ces. °gg%8#8§n§?§? H@? eh?g‘“g%w‘aﬂ"géﬁps %ggﬁﬁﬁ r?gmd’g:mfn& for
powder di spensi ngidwemeserahi cit has heen disperminedithat dwsexft athepowder ed
medi cament. 20 1\\phySiehsdayi £85 thilf POVME SwiAlLMBIILAdoign

wi t hdrawn during Lnspiration so there,1s Iess need to be concer ned
wi th synchroni zi M "Fgl ggee pet n%ﬁl‘f'g'hﬁ%tly br e‘fH“Q Héhee}%ﬁ,’fdest art of
inspiration to i aggliomguatesy of the product delivery. 25 One

such devicejas been gaschbPeotEnfil] iSHONhem with such design is that
the screw threads on the cap and adapter provide a
condition in which the cap may be prematurely pulled
off due to the tolerances of the screw threads. As a
result, the dispenser may not be turned a full 180°, as
15 required. Thus, the proper dosage may not be provided,
and the counter mechanism may not be activated.
Further, by prematurely pulling the cap off, it may not
be possible to easily reapply the cap to the dispenser
to close the same.
20 Also, positioning of the cap for the rotating
operation may not always result in accurate alignment.
Another possible problem is that of securing the
powder retainer to the metering dose plate. If a hot
melt adhesive is used, the adhesive may leak into the
25 mesh, so that guality and consistency is not obtained.
Further, by heating the same, there may be a distortion
in the flatness and/or damage to the mesh.
A yet further potential problem is that the pawl
used in the counter mechanism of the primary embodiment
30 thereof requires an additional metal spring to be
inserted therein. This increases the number of parts,
makes assembly more difficult, provides a pawl assembly
that is not totally moldable and does not always
provide a totally reliable counter mechanism. Although
35 a totally molded spring and pawl assembly is disclosed
in a later embodiment thereof, such totally molded
spring and pawl assembly is more difficult to mold and
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must be tipped to a horizontal position to read the
numbers, rather than providing the indicia for reading
while the dispenser remains in its normal upright
position.

10 Lastly, the swirl nozzle and mouthpiece can be
fairly easily disengaged from the drive body during
inhalation, possibly resulting in swallowing of the
same or choking. The same considerations are not
applicable to disengagement of the mouthpiece f£rom the

15 swirl nozzle because of the inclined sides of the
mouthpiece.

SUMMARY OF THE INVENTION

20 In accordance with an aspect of the present
invention, a powder dispenser includes a supply for
hoilding a supply of powdered material to be dispensed;
an inhalation conduit extending in a first direction
and positioned in displaced relation to said supply;

25 means for carrying a predetermined amount of said
powdered material from said supply to said inhalation
conduit; and a nozzle for reducing particle sizes of
agglomerates of powdered material from the inhalation
conduit to form micronized powdered material and for

30 mixing said micronized powdered material with suction
air, said nozzle including a cavity 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, said

35 cavity being defined by a top wall and a skirt
connected to a periphery of said top wall, said top
wall having an opening therein; a swirl wall for
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reliable counter nechanis
plurality of flutes on the inner tubular wall surface,

and the flutes are formed by a plurality of first
concave wall sections extending in the axial direction

1s and having an arc of a first radius in a direction
transverse to the axial direction, and a plurality of
second wall sections extending in the axial direction
and interconnecting the first concave wall sections,
the second wall sections being of a concave

20 configuration having an arc of a second radius in a
direction transverse to the axial direction, the second
radius being greater than the first radius.

The top wall has a circular shape and the opening

is centrally located in the top wall, and the swirl

25 wall includes a curved wall extending from the opening
to the skirt, the curved wall extending in a
substantially spiral manner and being connected with
the top wall.

In accordance with another aspect of the present

30 invention, a powder dispenser includes a powder housing
for holding a2 supply of powdered material to be
dispensed, the powder housing including an inhalation
conduit extending therethrough in a first direction, in
displaced relation to the supply of powdered material,

35 the powder housing including a reservoir body including
the supply of powdered material and the inhalation
conduit, and a driving body secured toc the reservoir
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di sengagenent Og ig ing éhe ﬁé%gieécggoué% of the powdered material,
the metering plate being positionable below the supply
of powdered material, and the metering plate and the
powder housing being relatively bi-directionally

10 rotatable with respect to each other about a common
central axis so that the metered dose hole can be
placed in fluid communication selectively with the
supply of powdered material or the inhalation conduit;
a spring for biasing the metering plate and the powder

15 housing toward each other; and a nozzle mounted to the
driving body for receiving the metered amount of the
powdered material through the inhalation conduit, the
nozzle including ribs welded in the recesses of the
driving body.

20 The driving body has a circular top wall, and the
recesses are arranged along a peripheral portion of the
top wall along a common circle. At least one of the
recesses extends for a different length than another of
the recesses, and the ribs have lengths corresponding

25 to respective ones of the recesses.

Preferably, the ribs and the driving body are made
from a plastic material, and the ribs are
ultrasonically welded in the recesses of the driving
body such that the plastic material of the ribs is

30 fused into the plastic material of the recesses.

In accordance with still another aspect of the
present invention, in addition to the aforementioned
powder dispenser including the powder housing having
the reservoir body and the driving body, the metering

35 plate, and the spring, the driving body includes at
least one driving recess with a spring finger in each
driving recess and the powder dispenser further

.
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openi ng therein; forSwirilming théopowder dispenser for use, the closure
cap including priming ribs for rotating the powder
housing such that the inhalation conduit is in
10 communication with the metered dose hole when the
closure cap is removed from covering relation of the
powder housing and for rotating the powder housing such
that the inhalation conduit is out of communication
with the metered dose hole when the closure cap is
1is secured in covering relation to the powder housing, the
priming ribs biasing the at least one spring finger out
of the at least one locking recess of the adapter to
enable rotation of the powder housing relative to the
metering plate and for engaging with the at least one
20 driving recess to rotate the powder housing relative to
the metering plate.

Specifically, the driving body includes two -
diametrically opposite spring fingers, the adapter
includes two diametrically opposite locking recesses

25 and the cap includes at least two diametrically
opposite priming ribs.

Each priming rib includes an upper ramp portion
and a lower ramp portion which meet at an intermediate
projecting portion and reduce in thickness as they move

30 away from the projecting portion, such that the upper
ramp portion initially biases the at least one spring
finger out of the at least one locking recess during
removal of the closure cap from the covering relation
and the lower ramp portion initially biases the at

35 least one spring finger out of the at least one locking
recess during securement of the closure cap to the
covering relation.
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substantially continuously changing the direction of fl ow of the
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greater than thelatesttheyRming, the adapter and the closure cap, the
adapter further includes at least one helical cam track
10 having a substantially square cross-sectional
configuration, and the closure cap includes an annular
skirt having an inner surface, and at least one cam
formed on a lower portion of the inner surface of
annular skirt for riding within the at least one
15 helical cam track.

Bach cam track includes an entry portion defining
a vertical drop zone in which the at least one cam
engages prior to permitting helical movement of the at
least one cam within the at least one cam track.

20 Preferably, there are two helical cam tracks and two
cams.

In accordance with a further aspect of the present
invention, in addition to the aforementioned powder
dispenser including the powder housing having the

25 reservoir body and the driving body, the wmetering
plate, the spring, the adapter and the closure cap, the
powder dispenser includes a gas permeable retainer for
retaining a dose of the powdered material in the
metered dose hole, the retainer being positioned below

30 the metered dose hole, with the metering plate having
an underside with ribs thereon, the retainer being
positioned in overlying relation to the underside of
the metering plate and to the ribs thereon; and the
retainer being welded to the ribs such that the ribs

35 are fused into the retainer.

The retainer is formed by a material selected from
the group consisting of a gas-permeable filter, a mesh
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i ncludi ng a p|ura||ty;ﬁ:accordance with a st1 urther aspect of the
present invention, a method of forming a modified
metering plate and gas permeable retainer thereon,
includes the steps of positioning the gas permeable

i0 retainer at a predetermined position in a first mold
half used for injection molding the metering plate;
positioning a second mold half adjacent the first mold
half to form a molding chamber therebetween used for
injection molding the metering plate, the second mold

1s half having a through opening therein in alignment with
the retainér at the predetermined position in the first
mold half; inserting a core pin through the through
opening in the second mold half into engagement with
the retainer to hold the retainer in position against

20 the first meld half and to form a metered dose hole in
the molded metering plate; and injecting plastic
material into the molding chamber through at least one
injection port to form the metering plate with the
metered dose hole and with the retainer being secured

25 to an underside of the metering plate in covering
relation to the metered dose hole.

In such case, the molded metering plate has a
shallow recess formed at the underside thereof in
surrounding relation to the metered dose hole, and the

30 powder retainer has dimensions greater than the metered
dose hole to completely cover the metered dose hole and
less than the shallow recess so as to be secured to the
metering plate in the shallow recess.

In accordance with a yet further aspect of the

35 present invention, in addition to the aforementioned
powder dispenser including the powder housing having
the reservoir body and the driving body, the metering
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recesses. metering plafgiatdhe Funtan mechanism iasjudingr congter
rings for providing the visual count, the counter rings
being rotatable about the common central axis and
having counting indicia thereon for displaying the

15 visual count, the counter rings including a continuous

counter ring having counting indicia thereon and gear
teeth formed therearound on an inner surface thereof,
and an intermittent counter ring coaxially mounted with
the continuous counter ring and having counting indicia
20 thereon and gear teeth formed therearound on an inner
surface thereof, a display through which one of the
counting indicia from the counter rings is displayed to
indicate a count corresponding to a number of doses of
. powdered material that have been dispensed or remain to
25 Dbe dispensed; and an actuator for incrementally
rotating the counter rings in response to the relative
rotation between the metering plate and the powder
housing, the actuator including a pawl assembly
engaging with the gear teeth of the continuous counter
30 ring and the intermittent counter ring for rotating the
continuous counter ring 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, and for rotating the .
35 intermittent counter ring one increment every
predetermined number of rotational increments of the
continuous counter ring to display another one of the
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I ncl udi ng the powder housi ng havi ng the reservoir body and the driving
body, the nmetering 35 plate, and the spring, the driving body includes at
| east one driyhhdhHpcess With a spring finger in each O c-ush90is3e €SS
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continucus counter ring and the intermittent counter

rel ati on of the

ring, and a pawl spring, integrally molded as a single
piece with the inner surface of the outer wall, for

10 biasing the pawl into engagement with the gear teeth of
the continuocug counter ring and the intermittent
counter ring, the pawl spring extending along a
generally radial direction.

In one embodiment, the pawl spring has a generally

is L-shaped configuration. In another embodiment, the
pawl spring has a generally linear configuration and
extends at an angle from the inner surface of the ocuter
wall. 1In either case, the pawl spring has one end
integrally molded with an upper portion of the inner

20 surface of the ocuter wall.

The above and other features of the invention will
become readily apparent from the following detailed
description thereof which is to be read in connection
with the accompanying drawings.

25

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a metered powder
dose dispenser according to the present invention;
3o Fig. 2 is a perspective view of the metered powder
dose dispenser of Fig. 1, with the closure cap removed;
Fig. 3 is an exploded perspective view of the
metered powder dose dispenser of Fig. 1;
Fig. 4 is a longitudinal cross-sectional view of
35 the metered powder dose dispenser of Fig. 1;
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covering rigation. pig. 9 is a top plan view of the reservoir plug of

the metered powder dose dispenser of Fig. 1;

Fig. 10 is a bottom plan view of the reservoir

plug of Fig. 9;

Fig. 11 is a side elevational view of the
resexvoir plug of Fig. 9, viewed from line 11-11

thereof;
Fig. 12

plug of Fig.
Fig. 13

plug of Fig.
Fig. 14

Fig. 14;
Fig. 16
of Fig. 14;
Fig. 17
body of Fig.
Fig. 18
bedy of Fig.
Fig. 19
body of Fig.
Fig. 20
body of Fig.
FPig., 21

is a cross-sectional view of the reservoir

taken along line 12-12 thereof;

is a cross-sectional view of the reservoir

9, taken along line 13-13 thereof;

is a front elevational view of the driving

body of the metered powder dose dispenser of Fig. 1;
Fig. 15 is a top plan view of the driving body of

-

is a bottom plan view of the driving body

is a cross-sectional
15, taken along line
is a cross-sectional
16, taken along line
is a cross-sectional
16, taken along line
is a cross-sectional
16, taken along line
is a cross-sectional

the spring fingers;

view of the driving
17-17 thereof;
view of the driving
18-18 thereof;
view of the driving
19-19 thereof;
view of the driving
20-20 thereof;
view showing one of

-

such that the
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Each spring finger includes a depression which recei ves the projecting
portion when the closure cap is fully secured in the covering
relation. woseyseres | N accordance with yet another aspect obcithgordisez
present invention, in addition to the aforenentioned powder di spenser

I ncl udi ng the powder housi ng havi ng thegsreservoir body and the driving
body, the netering pl ate, the spring, the adapter and the cl osure cap,
t he adapter furtirdg.i gel igea tbpl phah whewhef ithd mstetireriddde havi ng

a substantially Zﬁ%ﬁ%ﬁf&rQEE_%E?%%Qﬁ:é°wder gggéi&g%éﬁéégk 5§u%#éga%ﬂ osure

cap includes an I ng an | nney ace, ‘east

an
one cam formed ofig@-| 8#dr 1BoRt FERSBTSERE1PRFE VARH ok SR wetering, | ar
skirt for ridingdusieniplatieeodit Figasp2oneakén abehd Chine R2BA+232K.
Each cam tragk iqﬁkﬂgg&,an entry portion defining a vertical drop zone
in which the at I'east _orie cam | engages prior to permtting helical
novenment of the at  Fig.c23B dBecacarrsprheptiomahivienf Jhe marenina. 20

Preferably, ther@oyeeplaRehsli eak.Co0) t tak&S &16hd \Dine 22B-22B
thereof, along with the mold for forming the same in
dashed lines;

10 Fig. 22C is an enlarged cross-sectional view of a
portion of the wmetering dose plate of Fig. 22B;

Fig. 23 is a bottom plan view of the metering dose
plate of Fig. 22;

Fig. 24A is a top plan view of a modified metering

15 dose plate;

Fig. 24B is a bottom plan view of the metering
dose plate of Fig. 24A;

Fig. 24C is a cross-sectional view of the metering
dose plate of Fig. 24A, taken along line 24C-24C

20 thereof;

Fig. 24D is a cross-sectional view of the metering
dose plate of Fig. 24B, taken along line 24D-24D
thereof;

Fig. 24E is an enlarged cross-sectional view of a

25 portion of the metering dose plate of Fig. 22D;

Fig. 24F is an enlarged cross-sectional view of a
portion of the metering dose plate of Fig. 22E;

Fig. 25 is a top plan view of the base of the
metered powder dose dispenser of Fig. 1;

30 Fig. 26 is a bottom plan view of the base of Fig.
25;

Fig. 27 is a front elevational view of the base of
FPig. 25;

Pig. 28 is a side elevational view of the base of

35 Fig. 25;

Fig. 2% is a cross-sectional view of the base of

Fig. 25, taken along line 25-29 thereof;



cans. I n accordance with a further aspect of the present

I nvention, in addition to the aforenenti oned powder di spenser

i ncl udi ng the pomder housi ng havi ng the 25 reservoir body and the driving
body, the mﬁ pl ate, the spring, the adapter and the cl osure cap,
t he powdér |spenser i ncludes a gas perneabl e r et ai nePCHYFI701S62
retaining a dose of the powdered nateri al %n t he net ered dose hol e,

t he retai ner being positioned bel ow 30 % e metered dose hole, with the

Tetering plate havifeg. 30 3 WnSekebHeptahiviblSol NEAETbudd% ol e

bei ng posi tioned I rlyin the under si de o
netering pl at e ’Eﬁﬁlaﬁrbe’t ﬁf:ﬁ?"ﬁ Xiaﬁgfggn*"’gﬁﬁrt gse dispensenRL Fdgr wel ded
to the ribs such;that the ribs 35 are fused into the retainer.

The retainer is for by +a e I egt o
consi sting as@febr rrfébﬁé@fta. Ii:bgr ,Pighrrggﬁg 5¢the W%gﬁégf%%o
PCT/ u597/01 ainer of Fig. 30;

Fig. 32 is a side elevational view of the lower
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
10 thereof;
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
15 the metered powder dose dispenser of Fig. 1;

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;

20 Fig. 38 is a cross-sectional view of a portion of
the metering dose plate, support plate and powder
retainer according to an alternative embodiment of the
present invention;

Fig. 39 is a crose-sectional view of a portion of

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

Fig. 40 is a front elevatiocnal view of the adapter
of the metered powder dose dispenser of Fig. 1;

30 Fig. 41 is a side elevational view of the adapter
of Fig. 40;
Fig. 42 is a bottom plan view of the adapter of
Fig. 40;

Fig. 43 is a top plaﬂ view of the adapter of Fig.
35 40;
Fig. 44 is a cross-sectional view of the adapter
of Fig. 43, taken along line 44-44 therecf;



screen, a porous material nmesh and a perforated plate el ement, and is

ultrasonically welded to the ribs. Preferably, the ribs are
formed in a plurality of spaced apart, concentric circles, and each
rib has a Sgyoedbskantially triangular cross-sectional confrcanrsaiame

In accordance with a still further aspect of the present invention, a
nmet hod of formng a nodified neteri ng pbate and gas perneabl e retainer
t her eon, i ncl udes_the steps of positioning the gas perneable 10

retainer at a predet erfidedt DS Boenlarged cyPspppactional gyiewfy & or
i nj ection nol di ngpéeic®ict itle Ridipter of FiGSi lONERGwing cew deifidcy hal f
adj acent the firsé nDIdf' half to forma nol ding chanber therebetween
used for i nj E??%% frol ding the nmetering plate, the second nold 15
hal £ having a through Bi@ni4fy isher &iap inlaal vgewent vhenhswirl nogzlectafi ner

at tthﬁ preﬂetﬁrm’tﬁﬁé HOsd D pdvtidN Adde t%tﬁ.spenseﬂ‘gbd ?%L.H nfse[ti ng a core
pi N roug e rough, openi in secon alf.into
engagenment with ?ﬁ’eg‘r e"t"ai"’r[‘)ﬁet‘a %ﬁﬁﬂ"ﬂpﬁﬁg 1 ngg"ﬁ ?)%ﬁ'firiﬂfz&d’ai nst
20 the first nob8 Big{ 46wd to forma nmetered dose hole in t he nol ded

netering plate; and inpgslidy i 3Sldide elevaRiBhhl violOof hendmiywhiNg
chanber through at I%fséyg e, I njection port to formthe netering plate
with the net BPEH- #&ﬂra%ﬂkithh the retainer being secured 25 to

an under si de1®f the nefigi Mp plate dro=eeeectignal viewl af | tne tawitle net ered
dose hol e. nozzld SHFLLASEs, ke ad8AgTRIRE! £9-Pb A Ke b 2 _
shal | ow recess forned ?I t e un,derasnl de%ltar}eza 0 o‘:tr;]o'm 3.am?u‘rr{o‘}'Jnm r]cq‘erel ation
to the metered dose holt% t3e g P &
center of swirl nozzle of Fig. 46;
Fig. S50B is a cross-sectional view showing
15 securement of the swirl nozzle to the driving body;
Fig. 51 is a top plan view of the mouthpiece of
the metered powder dose dispenser of Fig. 1;
Fig. 52 is a cross-sectional view of the
mouthpiece of Fig. 51, taken along line 52-52 thereof;
20 Fig. 53 is a cross-sectional view of the
mouthpiece of Fig. 51, taken along line 53-53 thereof;
Fig. 54 is a bottom plan view of the mouthpiece of
Fig. 51;
Fig. 55 is a side elevational view of the
. 25 mouthpiece of Fig. 51;
Fig. 56 is a side elevational view of the closure
cap of the metered powder dose dispenser of Fig. 1;
Fig. 57 is a bottom plan view of the closure cap
of Fig. 56;
a0 Fig. 58 is a top plan view of the closure cap of
Fig. 56; _
Fig. S8 is a cross-sectional view of the closure
cap of Fig. 57, taken along line 59-59 thereof;
Fig. 60 is a cross-sectional view of the closure
35 cap of Fig. 58, taken along line 58-58 thereof;



30 powder retainer has dinmensions greater than the netered dose hol e

to conpletely cover the netered dose hole and | ess than the shal |l ow
recess so as to be secured to the netering plate in the shall ow
recess.  goomsgies! N accordance with a yet further aspect #E‘T\A,'E#g%o%ﬁz
present inventiron, in addition to the aforenentioned powder di spenser

I ncl udi ng the powder housi ng havi ng tlge reservoir body and the driving
body, the netering WD 97/ 30743

PCT/ US97/ 01562 Fig. 61 is a perspective viewl©f a lowext énnehe spring,

the adapter andhdieidl Grithe: Mosilte cap o@ﬂ?ﬁ éks.pﬁﬂéﬁinbf‘&é'dé‘ﬁha base
havi ng an aX|aIIﬁ q&ﬁextendlng retaining post thereon coakXial wth the

common axis and atably connected with the 5 netering plate, and a
counter nechani sm rRiigat @@ s a cromsrivedtionabeviieweofnther chosntlieg -

relation togth I | R0 AR LdEBa | count of the
nunber of %segc%% ? ‘ﬁ'%g\/\d%g}e& mate?ﬁ%ﬁg{)%g%ﬁbhgeesgeghgyébf'di spensed or
remain to be di spende@i $3 dpdn SFAsF-ERStIgRalcVaew, oL Bhat FLPEWFet he

powder housi ng <apl dthéFig. 60, taken along line €3-63 thereof;

Fig. 64 is a bottom plan view of a desiccant

holder of the metered powder dose dispenser of Fig. 1;
10 Fig. 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 £6-66 thereof;

Fig. 67 is a top plan view of the continuous

15 counter ring of the metered powder dose dispenser of
Fig. 1; |

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

Fig. 65A is a cross-sectional view of the

20 continuous counter ring of Fig. 67, taken along line
63A-69A thereof;

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

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

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

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

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

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



metering plate, the counter nechani smincludi ng counter rings for

provi ding the visual count, the counter rings bei ng rotatabl e about
t he common central axis and havi ng counting indicia thereon for

di spl ayi ng t Rgo ¢se7ys sual count, the counter rings |nclud|ngg§P¢#¥%§ nuous
counter ring having counting indicia thereon and gear

t herearound on an inner surface thereof, 17 and an intermttent counter
ring coaxially nmounted with the continuous counter ring and having

counting indicia 20 Figr e?5 pech QR mi Wﬁéif'&dtmebﬁﬂoﬁﬁgeﬁlﬂg %nner
surface thereof, ﬁg&gy%a%%h v%g e of the counting i df
fromthe counter rlngs 'S &y ed 153%ﬁﬁq569§ Figouh¢ correspondlng
to a nunber of doses ofig. 76 gy rhat o @liazl villestt olfathebpawl daspemspy O
remain to 25 be dfspggsers; and an actuator for increnentally rotatlng

the counter rings in rg on;; Lo the eﬁylve rotation between the
metering plate and the é §Vationat Yiew, of nehedpaml a paw

assenbl y engdSPemP thtﬂisﬁgéﬁm-teeth of the continuous counter 30

ring and the intermtteiy. cauilLh yégg quvgggghhggvgg thgontl uous
ed

counter ring one nt h tlne
material is di spe%gs]%%&ﬁy fs%g 5; anot her one of the countl ng i ndicia
of the continuous FimutSerdsr angrosssegbtibaalli epewyos atie fpdwy Ot at i ng

the 35 inteon tdssdmeqtHelFiy.NGs0N@akRG" STBA % SYBL Y799 péqgete m ned

nunmber of rotational anreg%nts of the contTnuous coun
di spl ay anot her one of 3 top plan view of a pawl assembly

accordlng to another embodiment of the present
invention;
Fig. 81 is a bottom plan view of the pawl assembly

15 of Fig. 80;

Fig. 82 is a side elevational view of the pawl
assembly of Fig. 80;

Fig. 83 is a cross-sectional view of the pawl
assembly of Fig. 80, taken along line B3-83 thereof;

20 Fig. 84 is a top plan view of the pawl assembly
according to another embodiment of the present
invention;

Fig. 85 is a bottom plan view of the pawl assembly
of Fig. 84;

25 Fig. 86 is a Bide elevational view of the pawl

assembly of Fig. 84;
Fig. 87 is a cross-sectional view of the pawl
assembly of Fig. 84, taken along line 87-87 thereof;
Fig. 88 is a cross-sectional view of the pawl
30 assembly of Fig. 84, taken along line 88-88 thereof;
Figs. 89A-89E are longitudinal cross-sectional
drawings of a portion of the metered powder dose
dispenser, showing closing of the cap during sequential
times; and

35 Figs. 90A and 90B are enlarged cross-sectional

drawings of a portion of the metered powder dose
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11 counting indicia of the'intermttent counter ring t hrough the
di splay, the paw assenbly including an outer wall having an outer
surface an r surface, a paw, integrally nol ngle
piece 5 \%lv?ﬁ’%oﬁgeouter surface of the outer wall, for dﬁ&ﬂ%@b’é

within the gear teeth of one of the G@nti nuous counter ring and the
intermttent counter ring, and a paw spring, integrally nolded as a
singl e pi edeéspehBietr heduritey the iR lofl FQgaUt @8cWahll, gdpr 10 bi asing
the pawl into ep gﬁggF ﬂ@th t he gear teeth of the continuous counter
ring and the inte ent counter ring, the pawl spring extending

al ong a general ly radial direction. I'n one embodi ment, the

n anot her

paw spring haspETAEDED pEsCREPTIoN D &breaih BbhOMEN
enbodi nent, ot he paw spring has a generalTy Tinear configuration and
extends at an angle fromthe inner surface of the outer wall. In

ei ther case, the pawRefgrring Huxs thee dyawings inntegail| yand| tett i1y, an
upper portion ototPggéNEI4 thereof, a metered powder dose dispenser
10 according to the present invention includes a powder
housing 20 for holding a supply of powdered material to

10 be dispensed, and for supplying metered doses of the
powder to a user.

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

15 piece.

Referring to Figs. 3-8, reservoir body 22 includes
a circular top wall 24 having an annular skirt 26
extending downwardly from the periphery of circular top
wall 24. Annular skirt 26 includes an upper annular

20 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
downwardly from the lower end of upper annular skirt
section 28. Lower annular skirt section 20 has an

25 inner and outer diameter greater than the inner and
outer diameters, respectively, of upper annular skirt
section 28. Accordingly, an outer annular shoulder 32
is formed at the upper end of lower annular skirt
section 30.

30 Diametrically opposite, axially extending drive
slots 34 and 36 are formed in annular skirt 26, each
extending for a different circumferential angular
extent about annular skirt 26. For example, drive slot
34 is shown to extend along a 30° arc circumferentially

35 of annular skirt 26, while drive slot 36 is shown to
extend along a 40° arc circumferentially of annular
skirt 26. Of course, the present invention is not



20 surface of the outer wall. The above and ot her features of

the invention wll becone readily apparent fromthe follow ng detail ed
description thereof which is to be read in connection with the
acconpanyi nyod7aer4ags. 25 BRI EF DESCRI PTI ON OF THE DRARWTN(387/01562

Fig. 1 is a perspective view of a netered powder dose di spenser
according to the present invention; 13 Fig. 2 is a perspective view

of the nmetered powder ose dis ens 0 wi,th the closure cap
r emoved; R Fﬁd §°|€h é%ﬁ?%kﬁiﬁ r%ﬂﬁi%ﬁ X% §rOfRe34 and

nmet ered powder daseatespperscat ihdix. ldwer ends 38 aﬁﬁg404 I's a | ongitudinal

cross-sectional t Fi 1:
Cross sectional Yegfe8tively, 'difa Blekad BRI Y% Al Sl;eoitgﬁ:gg g.
12 Fi owsi anauiap ik e RRTHIRR 30 SRS P ough

5 upper annular skirt portion 28. Thus, drive slots 34
and 36 have closed upper ends which define seating
edges 42 and 44.

Powder housing 20 includes an arcuate manifold 46
formed on the upper surface of circular top wall 24, at
10 a peripheral position offset from the center thereof.
Manifold 46 includes an arcuate chamber 47 extending
circumferentially for an arcuate length of
approximately 140° about a peripheral portion of
circular top wall 24 and which is defined by a
15 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
upper chamber wall portion 52 extending upwardly from
the upper end of lower chamber wall portion 50. The
20 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
lower wall portion S0. As a result, a shoulder 54 is
formed at the lower end of upper chamber wall portion
25 52, _
Circular top wall 24 includes an opening 55 of the
same shape and dimensions as lower chamber wall portion
50 of manifold 46 and in alignment with the lower end
of lower chamber wall portion S0. The upper end of
30 manifold 46, and particularly upper chamber wall
portion 52, is closed by a manifold top wall 56 which
is angled downwardly from the center thereof and which
has an opening 58 at the center thereof.
A powder supply conduit 60 is formed on manifold
35 top wall 52 at the center thereof in alignment with
opening 58. The upper end of powder supply conduit 60
is open. Powder supply conduit 60 is normally filled



cross-section, of the reservoir body of the netered powder dose

di spenser of Fig. 1, Fig. 6 is atop plan view of the reservoir
body of 5 Fig. 5; Fig. 7 is a bottomplan view of the
reservoir of Fig. 5; Fig. 8 is a cros ' Vi ew
of the reégﬁéﬁﬁP" body of Fig. 6, taken along line 8-8sfﬁgggg??a%0

Fig. 9 1is atop plan view of the reservoi ggpl ug of the nmetered powder
dose di spenser of Fig. 1; Fig. 10 is a bottom plan view of the
reservoir withy powder) 620 for inhalatibng. A5 used bedeim| evhéi onal view

of the 15 TeSedil Inohlukikalla e cAmelit 8% dnt @ haﬁwl%fxéiud? t her eof ;

Fig. 12 is a cross-sectional view of the reservorlr ug of Fig. 9,
taken al ong | i rfelgzenized, fowder. spheronizedjpowders 5 cross-sectional view
of the reservoinidfb-gicapsiflatiedd powdedkeposdergabgheméBatest #rd ecthe )
Fig. 14 is fr el lanal. V4 WY LN+ he netered
poader dosegdi5%2%%@#5%?Ek%b$sfﬁ QWtQEC%Qﬁgg?§¥&1g1F§ ghgggyﬁgéﬁéviem/of )
the driving bodye%Rin. Fig. 14; 25 Fig. 16 is a bottom plan view
of the driving body A frusto-idogichd, inhalation Wegtuii tSnduit 066-Hecti onal

e o £he 914 sommed O el n LS 3R puiplppe 1T hT el
along |ine 18- IpXakelofto powder supply conduit 60 and axially offset
10 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
center coincident with the center of circular top wall
24, so as to be positioned at a peripheral portion of
15 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°.

Specifically, venturi conduit 64 is formed by a
lower venturi conduit section 66 and an upper venturi

20 conduit section 6B axially aligned therewith, each
reducing in inner diameter from a lower end thereof to
an upper end thereof, The upper end of upper venturi
conduit section 68 is open, and upper venturi conduit
section 68 has a smaller diameter than lower venturi

25 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
opening 72 of the same shape and dimensions as the
lower end of lower venturi conduit section 66 and in

30 alignment therewith.

A peripheral securing wall 74 extends generally
about a circular arc on a peripheral portion of
circular top wall 24, in surrounding relation to lower
chamber wall portion 50 and lower venturi conduit

35 section 66. A gap 76 is provided in securing wall 74
at a position opposite conduits €0 and 64, and two
parallel, spaced apart, radially extending tabs 78



Fig. 19 is a cross-sectional view of the driving body of Fig. 16,

taken along line 19-19 thereof; Fig. 20 is a cross-sectional view
of the driving body of Fig. 16, taken along |ine 20-20 thereof; 35

Fig. 21 is awg@asnsectional view show ng one of t he spoirigefgiIs@er s;
WD 97/ 30743 PCT/ US97/ 01562

13 Fig. 22 is a top plan view of2the netering dose pl at e of
the netered powder dose dispenser of Fig. 1; Fig. 22Ais a

cross-sectional vexverd inwanddiyefingp opposdtecepdiat of ofetuxing walilakidn

along line 22A- 224 gap 'ié"'er‘i‘Qxfrther, a radJ.E!.ﬂ Q&h&lﬁ?mﬁecﬂ' nal
vi ew of the neter a

t her eof , al ong V\n%ﬂ ’ﬁ‘ée’?ﬂﬁ 3’%‘%{}?#55 ﬂgesﬁﬁgégﬁen too%escﬁ‘lb’ir}e ZnE-s,ZZEO

Fig. 22Cis an enmwalletR cross-sectional view of a portion of the

metering dosespl ate ofadivg;1122¢ understood from the description
hereinafter, it is necessary that the lower surface of
circular top wall 24 be as smooth as possible, that is,
with very few undulations therein. However, this is
difficult to achieve when molding reservoir body 22 as

10 a8 single piece., Therefore, to overcome this problem, a

regervoir plug 90 is provided, as shown in Figs. 3 and
$-13.

Specifically, reservoir plug 90 includes a thin
circular plate 82 which can be molded, because of the

1s thinness of piate 92, to have a very smooth lower
surface with no undulations. The outer diameter of
circular plate 92 is substantially equal to the inner
diameter of upper annular skirt portion 28 so that
resexrvoir plug 50 can be fit therein, as shown in Fig.

20 4. In such condition, the lower surface of circular
plate 92 effectively is flush with seating edges 42 and
44 of drive slots 34 and 36.

Circular plate 92 has a circular hole %4, a first
substantially oval hole 96 and a second substantially

25 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
surface of circular plate 92 in surrounding relation to
circular hole 94. Conduit 100 is open at its upper and

30 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
an inside diameter equal to the inside diameter of
upper venturi conduit section 68. Thus, when reservoir

35 plug 30 is inserted within upper annular skirt section
28, plug conduit 100 fits snugly within lower venturi
conduit section 66 and the inner surface of plug



Fig. 23 is a bottomplan view of the netering dose plate of Fig. 22;
Fig. 24Ais atop plan view of a nodified netering 15 dose pl ate;

Fig. 24B is a bottom plan view of the netering dose plate of Fig. 24A
Fig. 24C i s-sectional view of the netering d9§§ of Fig.
24A, takeﬁah Sﬁg I ne 24C- 24C 20 t her eof ; Fig. ﬂ%bﬁg &
cross-sectional view of the nmetering o4lose plate of Fig. 24B, taken
along |ine 24D 24D thereof; * Fig. 24Eis an enlarged
Cross-sect i onalegHdi¥tohod 28rmBOat sRBoRh EBAtIRLLEiINY &P %hd iR 0 Fig.

22D0; Fi 24Ffis an enlagged Ccro s:sectlgnal Jg ew f a
portion of truaﬁﬁgiﬁﬁehg d5EBeh| XPRTBFIFFgRAYLE, section 'Fﬁé% s3€h 5 3 top
pl an vi ew of t rengiddos, the uppernetigeedf ppingrcondwitli eadmtsof Fig. 1;

0, gy o't AL SOLALD A o G gt
Fi 81 28 i3 % siRFYRER, BLPG APROREE, 8$I’tﬂ’égb‘égge’éf"%%m’%i"g".q"%t’

Fig. 29 is a cessioac®iBenal view of the base of Fig. 25, taken along °

line 29-29 thereof; an arcuate plug conduit 102 is formed on the upper
surface of circular plate 52 in surrounding relation to
first and second substantially oval holes 96 and 98.

10 Plug conduit 102 has the same shape as lower chamber
wall portion S50 of manifold 46. Plug conduit 102 is
open at its upper and lower ends and has an outside
shape and dimensions substantially egqual to the inside
shape and dimensions, respectively, of lower chamber

15 wall portion 50, inside shape and dimensions equal to
the inside shape and dimensions of upper chamber wall
portion 52, and a height equal to the height of lower
chamber wall portion 50. Thus, when reservoir plug 30
is inserted within upper annular skirt section 28, plug

20 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
upper chamber wall portion 52. In such condition, the
upper edge of plug conduit 102 abuts against shoulder

25 54 so that no gap is formed between plug conduit 102
and upper chamber wall portion 52.

Although the outer surfaces of plug conduits 100
and 102 are discussed above as being smooth, it will be
appreciated that such outer surfaces can be formed with

3p ribs 104, as shown in Figs. 11-13,

As an alternative embodiment of reservoir plug 90,
a reserveoir plug 90’ is shown in the cross-sectional
Fig. 4, in which elements corresponding to those of
reservoir plug 90 are identified by the same reference

35 numerals, with a prime {’) appended thereto.

As shown, plug conduit 100’ has an inner diameter
with a frusto-conical configuration that tapers from an
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14 Fig. 30 is a bottomplan view of the |lower sprin

retai ner of the netered powder dose dispenser of Fig. 1;

Fig. 31 is gydepopizan view of the lower spring 5 retainer g&riosensd;
Fig. 32 is a side elevational view of the |ower spring retainer of
Fig. 30; : Fig. 33 is a cross-sectignal view of the | ower

spring retainer of Fig. 30, taken along line 33-33 10 thereof;
Fig. 34 is a crosppercendntd xikowet e¢hd theweof, to grovigie et sMemturdf Fig.

30, taken al ong LEEScﬁ4'3fnfai%i£?ﬁé?oihe inpex 'aﬁﬂé&rzﬁiiiidﬁéfgp plan

view of the support plate o net ered powder dose spenser of Fig.
1; Fi gPlug Fendubbi102i pray be SFratensRapfha ignexe of
Fig. 35; diaheger 33f | spperr Ohamber twalll poreivwisihe Furder

plate of Figs 350! 8kepesl 00uling dlotn ' [Bher sutface, a uifnidk, s 2
cross-sectional view of a portiron o .
. circular metal plate 93‘ of electropolished stainless
steel is secured to the lower surface of reservoir plug
90‘. 1In such case, plate 92’ has an opening 101’ of
the same dimensions as arcuate plug conduit 102‘', while
10 oval holes 96’ and 98’ are provided in metal plate 93°.
Of course, metal plate 93’ has a further circular
opening 95’ coincident with circular hole 94’ of
circular plate 92‘. Preferably, metal plate 93’ is
insert molded onto a plastic base material. The metal
15 portion contacts dosing plate 180 in the assembled
device, providing a very flat, smooth and rigid surface
to prevent powder leakage from the reservoir. In
addition, the metal dissipates any static electricity
charges generated by friction between surfaces during
20 dose loading operations, which charges can adversely
affect powder flow into and out of the dosing station.
As shown in Figs. 14-21, driving body 120 includes
a circular top wall 122 having an annular skirt 124
extending downwardly from the periphery of circular top
25 wall 122.
Annular skirt 124 includes an upper annular skirt
section 126 with its upper end extending downwardly
from the periphery of circular top wall 122, and a
lower annular skirt section 128 extending downwardly
30 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
35 the lower edge of upper annular skirt section 126,
along the inside of annular skirt 124. However, the
cuter surface of the transition area between upper



the netering dose plate, support plate and powder retai ner according
to an alternative enbodi nent of the present invention; Fig.
39 is a cross-sectional view of a portion of 25 the nmetering dose plate,

support p%?”ﬁgg powder retainer according to anot hgtraddRidsat i ve

enbodi nent 0 t he present invention; Fig. 40 1s a front
el evati onal view of the adapter of e netered powder dose di spenser
of Fig. 1; 30 Fig. 41 is a side elevational view of the adapter

of Fig. 40;  annular &k{rt4dedtSich e @ii@'l%e]‘g‘:i QMﬁiakhekﬂﬂﬁ]Ptef of
a0l protibh’raf 1e el 48 3 2B¥cteoohifad Bikshep 1920 7
43, taken al ong |inEunghew, t4he cgmer diameteppo§7Aig@rr3annular skirt
PCT/ US97/ 01562gection 128 is substantially the sake as the outer
5 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
diameter of peripheral securing wall 74 of reservoir
body 22. Accordingly, reservoir body 22 fits into
10 driving body 120 with a close fit until the radially
extending annular lip 80 of peripheral securing wall 74
abuts against annular shoulder 130.

In order to lock reservoir body 22 and driving

body 120 together in such position, two axially spaced

15 apart, circumferentially extending ribs 134 and 136 are
formed parallel tc and spaced above annular shoulder
130, on the inner surface of upper skirt section 126,
to define an annular holding area 138 therebetween.
Thus, when reservoir body 22 is inserted within driving

20 body 120 in the manner described above, lip 80 at the
upper end of peripheral securing wall 74, due to the
resilience of tne plastic pieces, rides along the inner
surface of upper skirt portion 126 and over lower rib

. 136, and is held between ribs 134 and 136 within

25 annular holding area 138.

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

30 substantially flush with the upper 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. Circular

35 pPlug conduit 144 has an outer diameter substantially
equal to or slightly greater than the inside diameter
of powder supply conduit 60. Thus, plug conduit 144



Fig. 45 is an enlarged cross-sectional view of a portion of the
adapter of Fig. 41, showi ng the w ndow t her eof ; Fig. 46 is a
top plan view of the swirl nozzle of 5 the netered powder dose di spenser
of Fig. 1, woemerns Fig. 47 is a bottom plan view of the BGHPSI7TAESEZ| e

of Fig. 46; Fig. 48 is a side elevational view of the swrl
nozzle of Fig. 46; 10 Fig. 49 is a €%0ss-sectional view of the swrl
nozzle of Fig. 47, taken along |ine 49-49 éhere 50A is an

r

f: i.g.
enl arged bot t omGHOEES, tRE YPPER.OPED €pgp pﬂvgﬁﬁ‘fpﬁ?&ﬂ"é“'g’ﬂgﬁﬁ. 46;
Fig. 50B i s a cisar yeskerondlr bbdyw 2ROdBNgsEEmbl ad o tdhraditivingt bedgwi r |

nozzie 10 the drigno figirore, pouserFi: ok bf1e dAtRl ¥t of he

nout hpi ece of t he nmetere wder _dose di spenser Fig.. 1;
Fig. 52 is a crd@anidadd 4fa opeasrgs SEhénd sub ?&ﬁii%aQﬁilF%ﬁ;eﬁl?staken
along |ine ¥-5andaseof; 20 Fig. 53 is a cross-sectional view of
Flo. 54 15 a bottom an orevrof FHA g, L1 LhOE, ciurvhd Jhilining
Fig. 55 is a si #ald déd exrandesi eawpwardly 25romehe ninwate srscg. of1;
Fig. 56 is a sidairirsat itepavallewzaf ikhpast DL surrounding delakeonet er ed
fﬁ‘g’dg[ogafg gg;pc%‘sc%rrg@flﬁ:i' Spgéétng 142 to ehbdre’d #5rthdlP'depLRt3BV! EW Of
10 between powder supply conduit 60 and frusto-conical
venturi conduit 64 when reservoir body 22 and driving
body 120 are assembled.
In order to provide for secondary air flow, as
will be described hereinafter, the wall defining upper
15 annular skirt section 126 exténds inwardly in the
radial direction to form a first outer air passage 150
adjacent to circular opening 142 in the circumferential
direction of driving body 120 and a second outer air
passage 152 having its center arcuately spaced
20 approximately 100° from the center of first air passage
150.
Short, axially extending upper guide walls 154 and
156 are formed along a common circular arc spaced
slightly inwardly from the periphery on the upper
- 25 surface of circular top wall 122 in order to secure a
nozzle to driving body 120, as will be described in
greater detail hereinafter. Specifically, upper guide
wall 154 is formed circumferentially along the larger
arc between air passages 150 and 152; and upper guide
30 wall 156 is formed circumferentially along the smaller
arc between air passages 150 and 152. The common
circular arc along which upper guide walls 154 and 156
extend is spaced slightly from the peripheral edge of
circular top wall 122 so as to define an annular
35 retaining ledge 159 on circular top wall 122,
positioned outwardly of upper guide walls 154 and 156
in the radial direction.



30 Fig. 58 is a top plan view of the closure cap of Fig. 56;

Fig. 59 is a cross-sectional view of the closure cap of Fig. 57, taken
al ong line 59-59 thereof; Fig. 60 is a cross-sectional view of
the cl osure wb9r3map of Fig. 58, taken along |ine 58-58 thePSBUSI7/01562 WO
97/ 30743 PCT/ US97/ 01562

16 Fig. 61 is a perspective vi ew#df a | ower inner portion

of the closure cap ,of Fi 56 hoyw.ng_one cam ._JLhereqn: . Fig.
62 is a cross- sec‘?‘l"‘b‘?ﬁ?é 3*"@% &Pifhgbél 8§5Fetg% Pexiphety E-rqbér%’& whigh,
along line 62-62 fumcEixns as a singlfi gowderi seceptache scultatorisd, fioew of

the closure kg B thet@Qeat akgB 8EOPSwhEPCEH3- Opn tdhiedOleo
Fig. 64 is a botton1£lan i ew of a d85|cca t hol der_ qf, .t he netered
powder dose di speRiE¥eRyt theymeteref dose of rpgwder frow faliing Lbrough,

view of the 5  dieme desliet 1i8al,dar powdBrgretdiner 186 is formed in
covering relation to the lower surface of 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
10 restrictive effect on gas flow therethrough, while
preventing appreciable loss of powdered medicament
below the lower surface of disc 182, Powder retainer
186 can be fabricated from any suitable material,
including cellulosics, polymerics, metals, ceramics,
1s glasses or composites therecof, exemplary useful
materials including sintered porous plastics, porous
polymer membranes, natural or synthetic woven fabrics,
nonwoven synthetic fabrics and the like. More
specifically, useful materials include polyester and
20 polyolefin woven mesh, and porous membranes of
peolyolefins, polycarbonates, poly-tetrafluorcethylene,
polyvinylidene dichloride, and mixed esters of
cellulose.
In this regard, metering dose plate 180 has a
- 25 circular shallow recess 183 at the underside of thin
disc 182. Shallow recess 183 is concentric with
metered dose hole 184 but has a larger diameter than
that of metered dose hole 184. Powder retainer 186 has
a circular configuration with an outer diameter equal
30 to the diameter of shallow recess 183 and is secured
within shallow recess 183. _
With such an arrangement, there is a problem in
accurately positioning powder retainer 186 in shallow
recess 183. Specifically, with a hot melt adhesive,
35 the adhesive may leak into the mesh of powder retainer
186. Further, quality and consistency in positioning
of powder retainer 186 therein cannot be obtained by



Fig. 66 is a cross-sectional view of the desiccant hol der of Fig. 64,
taken along |line 66-66 thereof; Fig. 67 is a top plan view of the
conti nuous 15 counter ring of the nmetered powder dose di spenser of

Fig. 1, wooemseras Fig. 68 is a bottom plan view of the copddniésodsssz
counter ring of Fig. 67; Fig. 69A is a cross-sectional view of
the 20 continuous counter ring of Pig. 287, taken along |line 69A- 69A
t her eof ; Fig. 69B is a cross-sectional view of the

conti nuous courhiss wethpdf Murther, powseninerginercl86 magoBe69B t her eof ;

25 Fi 0. ai/ék doceda S't‘ife:"éb%ﬂfi‘ié\&%ﬁklmg ol chiae flatneEQ”EhEHQHf count er
ring of Fig. 67; éﬁ' a top plan view of the intermttent

counter ring df* twmmgﬁam ?@%’i‘iﬁ?@?a&?' °B.  Fig. 1; 30 _
Fig. 72 is a bottomrimEreforegwinf adeordaneenwitdnthe preseunter ring of Fig.

71; S intermttent
counter ri ng oJf:‘J”Em &ﬁ t?:a%a%igyg%?ﬁ %’é@ufﬁt%‘i’yo‘cfygﬂ ﬁereof 35
Fig. 74 is a Y9 %’i/a?tqst)r‘ﬁlﬂ\ﬁ"e\ﬁ lowe Tecess; 183, PEEERENE ERBRr ring of

Fig. 71; plate 180 is preferably formed by an insert molding
cperation.
Specifically, as shown by dashed lines in Fig.

10 22B, powder retainer 186 is inserted at a predetermined
position within a first mold half 187 which is used to
form metering dose plate 180. Then, the complementary
second meold half 189 is positioned with respect to
first mold half 187 to form metering dose plate 1B0.

15 Second mold half 189 has a through opening 191 in
alignment with the predetermined position at which
powder retainer 186 is positioned in first mold half
187. A core pin 193 is inserted within opening 191 and
serves the dual purposes of holding retainer 186 is

20 place and also forming metered dose hole 184. Then,
plastic is injection molded into the mold through at
least one injection port 195. As a result, shallow
recess 183 is formed around powder retainer 186.

Thus, the injection molding operation results in

28 powder retainer 186 being secured to the plastic,
without compromising the flatness or openness of the
mesh thereof. Further, a very small mesh screen can be
used for powder retainer 186, rather than using a
screen occupying the entire undersurface of disc 182,

30 as in the aforementioned copending U.S. Patent
Application. The use of a small mesh screen results in
more accurate positioning, less undulations therein and
being able to be formed with disc 182 in a totally
automated manner.

35 An annular mounting post 188 extends downwardly
from the lower surface of disc 182 and is centrally
located thereon. Annular mounting post 188 is formed
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17 Fig. 75 is a top plan view of the pawl assenbly of t he
net ered powder dose di spenser of Fig. 1; Fig. 76 is a bottom

pl an vi ew ofwohmsoRawW assenbly of Fig. 75; 5 PCEIS97TMI562 S a
side el evational view of the paw assenbly of Fig. 75;

Fig. 78 is a rear elevational view of the aamﬁ assenbly of Fig. 75;
Fig. 79 is a cross-sectional view of the paw . 10 assenbly of Fig. 75,

taken al ong | i newith @ hareAd@ extending axiglly adopg Bhe GHARREN view of a
pawl assenbly  surf#£ee @fdindtintd ngnpostr 1egbadi Eﬁaite'ofz.é rwexﬁtesan tto

vention: o meteredidbaclhoe 341011 9TPLSH WLeunL ¢ bl y

15 of Fig. 80; |ona V|em/o e paw
assenbly of Fig.s@oface of disc 1BRgtog3 pgsatepassls%ﬂﬁrmaeﬁdevﬁmthe

paw assenbtye dfowdg ed@é offainciingliagdpbebe188; 823nd herefdrablyy has

b 2" PP Pk S WAR ey 255 e on RS i ' 101 T

understood from the descrxptzcn hereinafter, bar 190
ensures that metering dose plate 180 will remain
stationary with respect to powder housing 20 when
10 powder housing 20, which includes reservoir body 22,
reserveoir plug 90 and driving body 120, is rotated.
In operation, metered dose hole 184 is initially
in alignment with frusto-conical venturi conduit 64.
As will be explained hereinafter, powder housing 20 is
15 only permitted to rotate 180° relative to metering dose
plate 180. During initial priming rotation, metered
dose hole 184 passes under manifold 46 and
substantially oval holes 96 and 98. As a result,
powder 62 falls within and is scraped into metered dose
20 hole 184. Specifically, the side walls defining
substantially oval holes 96 and 98 function to scrape
the powder 62 into metered dose hole 184. 1t will be
appreciated that, since oval holes 96 and 98 are spaced
less than 180° from circular hole 54, metered dose hole
- 25 184 travels completely past oval holes 56 and 98 and
manifold 46. Then, during the return rotation back to
the initial position, metered dose hole 184 passes back
under manifold 46 and subastantially oval holes 96 and
98, into alignment with venturi conduit 64. During
30 this return travel, the side walls defining
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
35 provided during both counterclockwise and clockwise
rotation, that is, both during the 180° loading stage
and the reverse 180° movement to the inhalation stage.



Fig. 85 is a bottomplan view of the paw assenbly

of Fig. 84; 25

Fig. 86 is a side elevational view of the paw assenbly of Fig. 84,
Pig. 87 is a cross-sectional view of the paw assenbly of Fig. 84,

t aken al oRgp b4i894387- 87 t her eof ; Fig. 88 is a crpsfusempisspnal view
of the paw 30 assenbly of Fig. 84, taken along |ine 88-88 thereof;

Fi gs. 89A-89E are | ongitudi nal cross-sec8Ronal drawi ngs of a portion

of the metered powder dose dlspenser

during sequent

Cross- sect i onaktonduit dgewi itgsi feirenp anliyo neekssheynEber eHe pageereslose

WO 97/ 30743

cI05|ng of the cap

gn metexgddlose, hplss 184 is a&g go! QU%F n¥EBYEFRr e enl ar ged
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metered dose of powder 62 is drawn up through venturi
conduit 64 and delivered to the user.

A modified metering dose plate 180’ will now be
described in connection with Figs. 24A-24F, in which
elements corresponding to those of metering dose plate
180 are identified by the same reference numerals with
a prime (’) added thereto.

Metering dose plate 180’ is positioned within
upper annular skirt section 28 of reservoir body 22,
immediately below reservoir plug 950, as with metering
dose plate 180. Specifically, metering dose plate 180’
includes a thin disc 182’ having a single small metered
dose hole 184’ near the periphery thereof which
functions as a single powder receptacle, that is, for
holding a metered dose of powder 62. 1In 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 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 appreciable loss of powdered 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 sintered porous plastics, porous
polymer membranes, natural or synthetic woven fabrics,
nonwoven synthetic fabrics and the like. More
specifically, useful materials include polyester and
polyolefin woven mesh, and porous membranes of
polyolefins, polycarbonates, poly-tetrafluorcethylene,



5 Referring to the drawngs in detail, and initially to
Figs. 1-4 thereof, a netered powder dose di spenser 10 according to the
present invention includes a powder housi ng 20 for holding a supply of

powder ed natwbisabes® 10 be di spensed, and for supplying nerermssuses of

t he powder to a user. Powder _housing 20 is conprised of a
a reservoir plug 90%3nd a driving body 120, each

reservoir

pref erably being
Referring to Fig
24 having an annwedludioas. 26
of circular top
skirt section 28
peri phery of cir
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nnul ar skirt 26 ach extending for a different
eéiﬁﬂ%ﬁer of ddfCenP2about annul ar skirt 26. For exanpl e,

In order to secure powder retainer 186’ to the
underside of disc 182’, the underside of disc 182’ is
provided with a plurality of concentric ribs or spikes
185, each having a substantially inverted triangular
cross-sectional configuration. With such arrangement,
when the mesh screen of powder retainer 1B6’ is
positioned on the underside of disc 182’, an ultrasonic
welding operation is performed. Specifically,
ultrasonic energy is directed toward the underside of
disc 182’. In such case, the concentric spikes 185’
function as energy directors which absorb greater
amounts of energy than the remainder of the underside
of disc 1B2’. As a result, the plastic material of
spikes 185’ is fused into the mesh to secure powder
retainer 186' thereat. With this arrangement, there is
a uniform energy that is applied for securing powder
retainer 186’, and an automated operation can be used
to perform such securing operation, achieving a
consistency at all times.

As with metering dosé plate 180, metering dose
plate 180‘ includes an annular mounting post 188’
extending downwardly from the lower surface of disc
182’ and centrally located thereon. Annular mounting
post 188’ is formed with a bar 190’ extending axially
along the inner surface of mounting post 18B’ in
diametric relation to metered dose hole 184°’. Bar 190
extends the entire height of mounting post 188, and



34 is shown to extend along a 30 arc circunferentially 35 of annul ar

skirt 26, while drive slot 36 is shown to extend along a 40 arc
circunferentially of annul ar skirt 26. O course, the present invention
1S Not  wogrniffes 97/ 30743 PCT/US97/01562

PCT/ US97/ 01562 19 limted to these
particul ar angles. Drive slots 34 and 32 36 are open at their | ower ends
38 and 40, respectively, and extend upwardly entirely through

| oner annul ar skrefepably crAS(R AaHRs tIRA45 - santdrpel Bonfigurationar skirt
portion 28. Thugs ditMemét&isngd‘dose pritth Hpdlatarcheed sipReescREaL Wi ch

an arcuat e mn PEFGTRRS “G0s€ lketa0 pui1g, remadit @ aligRaad, Slek 1 op
wal | 24, at 10 resppeti pdcpewdeo ArusindiZt athenr powdes domsdngt ROr, eof .
Mani fol d 46si nCligeR fRcPideR!t fosdBrDES %ﬁ@zgn@e&non phueusbenggtial ly
L?r an arcuate hggggggogody 126¥”¥é”§égﬁéﬂaﬁ 140 about a peri pheral portion
In order to provide for this relative rotationm,
metering dose plate 180 is non-rotatably mounted on,
and powder housing 20 is rotatably mounted on, a base
10 200, shown in Figs. 3, 4 and 25-29. Base 200 includes
a circular top wall 202 having an annular skirt 204
extending downwardly from the periphery thereof. The
peripheral edge ©f circular top wall 202 is cut-away to
define an outer annular ledge 206. An annular
b 8- supporting lip 208 is formed on the outer surface of
annular skirt 204 at the lower end thereof, so as to
extend outwardly therefrom in the radial direction of
annular skirt 204. An annular wall 209 having a
diametexr less than that of supporting lip 208 is formed
20 at the upper end of supporting lip 208. As shown in
Fig. 4, annular wall 209 can have a plurality of
axially spaced apart, annular teeth 211 on the outer
surface thereof. 1In addition, an annular retaining rim
210 is formed on the upper, outer surface of annular
25 skirt 204, parallel to supporting lip 208 and annularxr
wall 209, and spaced above annular wall 209, soc as to
extend outwardly from annular skirt 204 in the radial
direction thereof. Retaining rim 210 has a diameter
slightly less than the diameter of annular wall 209.
30 Thus, an annular retaining gap 212 is formed between
annular wall 209 and retaining rim 210.
Further, a small post 214 is formed, extending
upwardly from annular wall 209 to a height above
retaining rim 210, but below top wall 202. Post 214
35 has an outside diameter equal to that of annular wall
205, and also is connected with retaiﬁing rim 210 and
extends within gap 212.



circular top wall 24 and which is defined by a 15 surroundi ng chanber
wal | 48. Specifically, chanber wall 48 is fornmed by a | ower chanber
wal | portion 50 extending upwardly fromcircular top wall 24 and an
upper chanbewowabhdraporti on 52 extendi ng upwardly from rOovUsy®asszend of
| ower chanber wall portion 50. The 20 shapes of wall portions 50 and 52
are substantially i dentical, but with 3he inner dinensions of upper

wal | portion 52 being_lgss tﬂgﬁ t he_inner gineqfions of | ower

wal | portion 50. As af E¥dAparica}obpeg 21e & formeq Gentyally: agd ower end
of :Jpger chanber asldllgoohi ehe2hppeb2surface of ciFduldraropomalddl o024

I ncl udes an openi 55.0 ' | wer
chanber wal | Bor?ﬁ%ﬁlgn'Lpgggb?nﬁ%%é?gﬁﬁéggagﬁgpf&Hgﬁﬁgﬁ%gﬁét%?%h t he | ower
end of | onerCWTaANIYr 23R4 R pedirbreegrenty21pfhexeaf 32890 utnmni f ol d
46, and partisul auay .uppceocakaabetevditing pogriioniHlessexrcdiandty a

ther eof and wni ciftan Siideriea) SolBonfF (0 YUAICH tar BT Ligpet®dhl or
powder supply corfdliindsdcrd Pesfedlén MRFIXAEREY. amPukgrl asrulart he
center thereof inedgednenisWebbmed at Ofied)i ksp&S edde dfPReLigAs k1 POVWIEr
supply condui't 6Q.,05 23S OREPa: AU ot PR ¢ 1A ouR, B;0QERBY! Y T1l1ed
10 slightly less than the inner diameter of annular
mounting post 188 of metering dose plate 180.
Retaining post 218 is formed with a slot 222 along the
length thereof. Accordingly, due to bar 190 and slot
222, mounting post 188 of metering dose plate 180 is
is retained on retaining post 218 in a non-rotatable

A

manner to ensure that metering dese plate 180 will
remain stationary with respect to powder housing 20
when powder housing 20, which includes reservoir body
22, reservoir plug 90 and driving body 120, is rotated.

20 Two short stub walls 221 and 223 are formed on the
upper surface of top wall 202, immediately on opposite
sides of cylindrical boes 216. Stub walls 221 and 223
are angled with respect to each other at an angle of
approximately 30 degrees.

25 As part of a counter mechanism which will be
described in greater detail hereinafter, a first
rotation prevention spring detent 224 is mounted in a
cantilever manner on circular top wall 202.
Specifically, a curved vertical detent supporting wall

30 226 extends upwardly from circular top wall 202 at a
position substantially midway between annular ledge 206
and cylindrical boss 216, and fixrst rotation prevention
spring detent 224 extends from one edge 228 of detent
supporting wall 226, parallel to and spaced above

35 circular top wall 202. Further, the free end of first
rotation prevention spring detent 224 is provided with
an outward radially directed tab 230 thereat.
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20 with powder 62 for inhalation. As used herein, the terns
"powder ed nedi canents” and "powder" i ncl ude m croni zed powder

spher oni zegroPameas , m cro-encapsul at ed powder, powderpcaagbnsmint es and
the 5 like, and are used interchangeably with these terns her ei n.

A frusto-conical inhalation venturi condus4 64 is al so forned on
circular top wall 24 substantially parallel to powder supply conduit
60 and axial |y of f s@l8P0as Pazk Piethencruntex| meehanign whicht willal | 24.

The cent elbed deBceibRaVIar greaRkY aeﬂéﬂlthéﬂeﬁmtﬂéle @C/3eRbnd axi s
of venturi cond |t (4] circle.havin g center S%EDCIdent Wi th

4 lie.0
the center of & F&EI"&P FEEY ﬁ&?lmn SPring detemt (33348 aunt
peri pheral por caatideves mannexubarctnpumarltdm-walka:ﬂ@nter axes of

conduits 6 g e@i@z@éﬁ ”GeﬁBﬂﬁeréQéi& Pé‘\Ge %;ﬁ:' Bel¥n
angl e of appro§|gatel err I ca turl condU|t 64

is forned by a ERPUPAIELAARI PE s ék??ﬁ} %Eﬁ ¥Aker venturi
20 conduit sé@ﬁbopaealaznatbyaaﬂlgpadeﬂh&ba&et¢nrauiﬂr top waddueoag in

i nner di anet er oh0Pazal 98eT c8NdnkNBpaaLal fbove £AFL/ARRAatiRG thereof. The
upper end of ”%@e%eﬁilkﬂrgprzng detent 224. The free end of second

10 rotation prevention spring detemt 232 is provided with
an outward radially directed tab 234.

A triangular shaped sectored recess 236 is formed
in circular top wall 202 in correspondence with detents
224 and 232, and diametrically opposite to post 214.

15 Specifically, recess 236 includes a first radial
boundary 240 substantially in line with the connected
end of detent 232, and a second boundary 242 extending
in alignment with the lengthwise direction of detent
232.

20 Further, a shallow recess 243 is provided at the
outer radial edge of annular ledge 206, in alignment
with sectored recess 236, and diametrically opposite
post 214.

In order to Bpring bias metering dose plate 180

25 into engagement with the lower surface of thin circular
plate 92 of reservoir plug 90 and to ensure that powder
S2 can only be inhaled when metered dose hole 184 is in
alignment with venturi conduit 64, a biasing assembly
is provided.

30 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.
Specifically, lower spring retainer 260 includes a disc
262 having a central opening 264 sized to receive

35 retaining post 218. An annular boss 26€ extends from
the lower surface of disc 262 in surrounding relation
to central opening 264. When retaining post 218




conduit section 68 is open, and upper venturi conduit section 68 has a
smal | er dianeter than | ower venturi 25 - conduit section 66 so that an

i nner annul ar shoul der 70 is formed at the | ower edge of upper venturi
condui t woertan 68. Circular top wall 24 includes a fuPCHESIT01562
opening 72 of the same shape and di nensions as the | ower end of | ower
venturi conduit section 66 and in 30 al i @®ment therewth. A
peri pheral securin |1 74 extends generally bout a.circular arc on
a peri pheral porﬁ“gﬂ‘m& thr°"‘9>§f ﬁf’tﬂ‘ﬁ%‘f &?%Iqsszﬁnqaﬁ%rra&uﬁmnﬁel ation
to | ower chasberthel lowmr tedge HME amhdlamw bossn it seatsurpodS

section 66. A ggﬁé%ﬁ*??ﬁ” | in securing wall 74 at a position
opposite conduits an , and two paral l.el , spaced apart, radially
ext endi ng tabs 78 An upRRy GrplAL; retaining lip‘z 8 extends
PCT/ US97/ 01562 upwardly from the peripheral edge?bf disc @ézend inwardly
fe;f.g"ngfﬁgs;hﬁufgg'éﬁﬁeé,e%% NGy bxtendidly BWAvES ¥ 890 aflar 3902l Y
are formed in diametrically opposite positions at the
peripheral edge of annular lip 268, Ear 270 has a
width substantially equal to the width of drive slot 34

10 of reservoir body 22 so as to fit therein and be driven
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 wall 274 extends

15 from the lower surface of disc 262 between annular boss
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
will be described in greater detail hereinafter with

20 reference to the counter mechanism.

The biasing assembly further includes a coil
spring 290 having one end seated on the upper surface
of disc 262 of lower spring retainer 260, and
restrained thereon by annular retaining lip 268.

25 As shown in Figs. 3, 4 and 35-37, the biasing
assembly further includes a support plate 300 which
supports metering dose plate 180, functicns as an upper
spring retainer, biases metering dose plate 180 against
the lower surface of thin eircular plate 92 of

30 reservoir plug 90, and permits suction through metered
dose hole 184 only when metered dose hole 184 is in
alignment with venturi conduit 64.

Specifically, support plate 300 is formed by a
disc 302 having an annular retaining lip 304 extending

35 downwardly from the peripheral edge of disc 302.

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



80 extends outwardly fromthe upper end of securing wal | 74. 5
As will be understood fromthe description hereinafter, it is
necessary that the | ower surface of circular top wall 24 be as snooth

as possi by erisbab 1S, with very few undul ati ons themngrusetiseyer, this
S difficult to achieve when nol ding reservoir body 22 as 10 a

single piece. Therefore, to overcone thB$§ problem a reservoir plug
90 is provided, as shown in Figs. 3 and 9- 13. Speci fically,
reservoir pl ugPOPiPhRIAdge 4 pnnular:dde 34 .p EBE 396\ AR8 MR can be

nol ded, becausgidthtssbdtantidlilinermuall tl ahe Wddthooladeide VeIt SIPOt h

| ower surfac ' lati_ons. e t ' circul ar
plate 92 is su%gtgen%%{y}oeb%%sﬁésl -r%%erfgg %heglbggg%g{i lg% %jp‘é?n annul ar
skirt portion PBeEePYhaARd ear 30fehas 2 widshogubghaptiatlytemual ko as
shown in Fgg. 2Re width |dE LiGves @Dt 3¢ oft RRseVBErSHHAERCSE2 Odo Cad Cul ar

plate 92 effectiv I,s flush wth ating. _edges 42 d . 44 of drive
slots 34 and 35° E{é’ thereubafn\gjfb r%%lgteg §§°%§§'Ya C?EEUP%}Q}%I%PM, a
first subsaz®t 304 |3nd\2A8 e de9® 4hana thecdadsbtbefapmnulay Dip  oval

hole 98, all hayi Ndaw®Mober SiirEFadedd oF @Res2B06 andi JBgi K&y circle
centered at the center

is formed on tﬁ@ﬁ%ﬁ?iﬂl}pl%g%g’t& t"5’1"? &ﬁ’f"gé %Ifirggggg;%&gﬁ%fﬁuhf néoo
relation 38 304¢jaltheughdihe dnvension ds100ti soopdmitedits upper and 30
| ower ends and has PzE‘_ﬁ&fﬂi‘iﬁx,di@'&&ﬁ&a@”@i&cﬁihﬂhhole 316UDS AR | Y
equal to the |{1g| gfsg I:? 2 ta%rd ainsd sqezle%htt:’o rotatably receive annular
mounting post 188 of metering dose plate 180 therein.
A radially extending slot 312 extends from and is in
15 communication with circular hole 310. Slot 312 extends
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
alignment with venturi conduit 64, and is out of
20 alignment with, and thereby does not overlap, metered
dose hole 184 at all other times.
As described above, powder retainer 186 is foxrmed
by a mesh screen, filter, porous material or the like
which has a minimal restrictive effect on gas flow
25 therethrough. However, when a mesh screen or the like
ig used, there is a reduction in gas flow, and thereby
of any sucticn by the user, of approximately 35%.
According to an alternative embodiment, as shown in
Fig. 38, powder retainer 186 comprised of a mesh screen
30 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
the gas flow through radially extending slot 312, this
does not effectively restrict the gas flow through
35 metered dose hole 184 which is smaller than slot 312.
Thus, primary air flow is independent of the cross-
sectional width of metering dose plate 180. Further,



respectively, of |ower venturi conduit section 66 and an inside

di aneter equal to the inside dianeter of upper venturi conduit section
68. Thus, when reservoir 35 plug 90 is inserted within upper annular
skirt secti owo97307428, plug conduit 100 fits snugly wi thin PERESINASRur i
conduit section 66 and the inner surface of Plug WO 97/ 30743

PCT/ US97/ 01562 conduit 100 forns
a snmooth continu |on of the in

face_o per vent condui t
Section 651 sutiere e i Aeet powder asbe%nsﬁgiﬂ%f IR et g1 00
abuts agai nshokmriBartes maduwer aid fdowhthrovghapeterdd dast holeet ween
plug conduit 100 pgy upper venturi conduit section 68. An

arcuate plug, condul 162 Lebo P00 S URREL 1 an A ASRSelt oY)
oval hol es 965 andeighdinent Rifii¢cheomdwangéfentasft Ftgsadte, sHlape 332 Haower
chamber val | gpsddOprat P30t Ris Ahg146- afl SPpS81ER! 1 ddR tinereot
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
10 the air flow cross-sectional area of metered dose hole
184.
It will be appreciated from the above description
that metering dose plate 180 is held stationary on base
200, due to bar 190 and slot 222. Further, powder
1s housing 20, comprised of reservoir body 22, reservoir
plug 100 and driving body 120, is rotatably mounted
with respect to base 200 and metering dose plate 180.
In addition, support plate 300 is biased into
engagement with the lower surface of metering dose
20 plate 1B0O so as to support the same. In the operation,
radially extending slot 312 is in alignment with
metered dose hole 184 only when metered dose hole 184
is in alignment with venturi conduit 64. Thus, any
powder 62 within metered dose hole 184 when metered
25 dose hole 184 is out of alignment with venturi conduit
64 is sandwiched in metered dose hole 184 by mesh
powder retainer 186 and the upper surface of disc 302
of support plate 300 at its lower end, and by the lower
surface of thin circular plate 92 of reservoir plug 90
30 at its upper end. As will be discussed in greater
detail hereinafter, in the stored or inactive position
of metered powder dose dispenser 10, metered dose hole
184 is primed, and is positioned diametrically opposite
to radially extending slot 312. 1In such positicn,
35 powder 62 within metered dose hole 184 is held between
the upper surface of disc 302 of support plate 300 and
the lower surface of thin circular plate 92 of



open at its upper and | ower ends and has an outside shape and

di nensi ons substantially equal to the inside shape and di nensi ons,
respectively, of |ower chanber 15 wall portion 50, inside shape and

di mensi onswe®was74i o t he inside shape and di nensi ons aGfcraggewei1sehanber
wal | portion 52, and a height equal to the height of |ower

chanber wall portion 50. Thus, when reser88ir plug 90 IS inserted

Wi thin upper annular skirt section 28, plu conduit 102 fits snugly
within | ower cHESRATVGAH [Plug 90y0a¢c khege %ﬁé’et FaTRRteeSSAPE sRetered| ug
conduit 102 dode®HBlen 1Ot h continuation of the inner surface of

upper chanber wal | rt'éaez5 ° ?ﬁs§%§e ng5&§43%0 F%athe aégger edge of

pl ug conduit 102 abuts agar ns U no is formed
bet ween pl ug coﬁmetnta)ztogethqndms@edcpawﬁer viose géspepaes210

Albt hough L he outweFtMes fﬁfttqs;dafs rahuaaa%ew taaoJ,Oth showanﬂnlﬁﬁga{esdléc?ssed
above as being s : recia uter surfaces
can be forned vﬂ@%‘ig fﬁ‘ Vo §h§ﬁ8 |ﬁ'd|E S ?%TD éncgug a As an
alternative enblﬂﬂ%mnmfla#emlﬂoﬁBprlsg an inngry déameter brxge®0' s

tshom in t]be cr%%l&&@r dxameEbQ' of 1b0e%hﬁhu&hen§mecceéé@§&9ndl ng
(0] 0ose 0

ervolr %@ re identif ¥ Q reference 35
numeral s, with 32 [ﬁfrﬁ?s(e °é‘ﬂ:p%|‘? d ““h&Pef8. ko' €861 Y 25 FROVHT ug
condui t 1010 haghaunnnﬁnﬂdxamumuuepf loweyi ahnalﬁruyaélcaanca$ abed i gurati on
that tapers frafMfifhtly 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.

15 An annular groove 324 is formed at the inmer,
lower end of lower annular wall 322, slightly spaced
above the lower edge therecf. Accordingly, due to the
resilience of the plastic pieces, when adapter 320 is
inserted over base 200 and pushed down thereon,

20 retaining rim 210 of base 200 snaps into annular grocove
324 to hold adapter 320 on base 200. At such time,
annular teeth 211 can engage the inner surface of lower
annular wall 322, as shown in Fig. 4.

In order to obtain and maintain correct alignment

25 between adapter 320 and base 200, adapter 320 is
provided with a small slot 326 within groove 324. Slot
326 has a width substantially equal to that of small
post 214 in base 200 s0 as to receive the same therein;

Of course, it will be appreciated that post 214 can be
30 provided in adapter 320 and slot 326 can be provided in
base 200, that is, with a reversal of parts. Thus, .
rotation of adapter 320 causes base 200 to rotate
therewith.
The outer surface of lower annular wall 322 is
35 preferably provided with a gripping surface 328 formed
by undulations, knurling or the like, to enhance the
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23 upper end to a lower end thereof, to provide a venturi

effect. In addition, the inner dianeter of arcuate pl ug conduit 102
may be great WO X383t he i nner di amet er of upper chanber P7BBER i on
52'. Further, 5 to better ensure a snooth |ower surface, a thin flat,
circular netal plate 93" of electropolished3§tainless steel is secured

to the |ower surfgffgging%ﬁvz%éa&w.of metited gmushdsageai %gﬁnge,?f'

has an opening 10 he 'sanme di nensions aS arcuate plug al
102', while 10 3%al holes 96' and 98' are provided in metal plate 93'.
O course, netal platea9%Cect@sgadzidgeiing 39 ds formedpini Dgwad'

metal plate o3 | anSlid AP S D euberarbiaihy i qiRpdEadiny BERSEEG Y
metal 15 por Bi onteostertI2Gosing pikatantgally ceatzsddybaddng thedevi ce,
providing a very fbddnt SOPOIdweanhririfliad Walhage2. opkAifgeygot sgowder
| eakage fromthe eseryair. In .addition, the tgl g S|ga%es any
static el ectricityorme Q'E%a"} FRAF e FRRRT PRFPRS; Pf’;‘gﬁ Be agén BArfaces
during 20 dose tomtigupwpearutian mpenima posttdoged20bnofdssatbey
dimensions, so as to form a rectangular shoulder 323c.
10 A rectangular transparent plastic window 330 is fixed
in opening 329 and includes a central window portion
330a which fits snugly within outer opening portion
329b and a large inner securing portion 330b of larger
dimensions that fits within large inner opening portion
1s 329%9a and is secured to rectangular shoulder 329%9c by an
adhesive, welding or the like. Window 330 is used with
the counter mechanism which will be described in
greater detail hereinafter.
Adapter 320 further includes an upper annular wall
20 332 of a lesser diameter than lower amnular wall 322,
and connected to the upper end of lower annular wall
322 by an outer annular shoulder 334.
An annular biasing lip 338 is formed on the inner
surface of upper annular wall 332. When adapter 320 is
25 pushed down so as to lock adapter 320 onto base 200, as
described above, annular biasing lip 338 seats on ocuter
annular shoulder 32 of reservoir body 22, and thereby
biases reservoir body 22 down against the force of coil
Bpring 290. Accordingly, coil spring 290 is compressed
30 80 that a biasing force always forces support plate 300
into abutment with metering dose plate 180, and always
forces metering dose plate 180 into abutment with
reservoir plug 90. However, such biasing action still
permits rotation of reservoir body 22 relative to
as 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



af fect powder flow into and out of the dosing station. As shown
in Figs. 14-21, driving body 120 i ncl udes a cictcular top wall 122
havi ng an annul ar skirt 124 extendi ng downwardly fromthe periphery of
circular twowsBersmal | 122. Annul ar skirt 124 i necuassrasszupper
annul ar skirt section 126 with its upper end extendi ng downwardly
fromthe periphery of circular top wal | 122 and a | ower annular skirt
section 128 ext ' fromthe | ower_end of_ up annul ar

;ndlng fomnmarqgi
skirt section 195ive slot 34 ang, dyiyen sans 292 agR 398 Wikl ‘Fﬂfﬁar and
out er di anké elogared ewitian dieve Wit 36] @ot ehadi sorivion of

respect i vel y, % 651222 06 Sl cllapenc. <EEEOLSHNGLY, o

i nner annul ar der orne
annul ar skirt s EV?BnBHEEPB r3t3¥§Qﬁu?QQN§nﬁh§PGE°6F Bﬁﬁﬁ?a?“%klrt 124.
However, the Becausermétefime diisd P ateansiol ienhaldasbet Vesdry LRer

2? 97/30743 base 200, due to bar 180 and slot 2?9?7§§Q344”§%E§ing
20 (comprised of reservoir body 22, reservoir plug 90

and driving body 120), lower spring retainer 260 and
support plate 300, are rotatably mounted with respect

10 to base 200, metering dose piate 180 and adapter 320.

In the assembled condition discussed above, the
lower edge of lower annular skirt section 128 of
driving body 120 rests and rotates on the upper edge of
upper annular wall 332 of adapter 320. 1In order to

15 provide air flow through metered dose hole 184 of
metering dose plate 180, two diametrically opposite
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

20 width identical to the width of drive slot 34, while
recess 342 has a width identical to the width of drive
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,

25 recess 340 is in alignment with drive slot 34 and
recess 342 is in alignment with drive slot 36.
Accordingly, suction on venturi conduit €4 causes air
to flow through recess 340 and drive slot 34 and
through recess 342 and drive slot 36, and then through

30 radially extending slot 312, metered dose hole 184 and
venturi conduit 64 to deliver the metered dose of
powder 62 in metered dose hole 184, to a user of
dispenser 10.

In addition, two diametrically opposite recesses

35 344 and 346 are formed in upper annular wall 332,
extending from the upper edge of upper annular wall to
a position slightly above annular biasing lip 338.



annul ar skirt section 126 and | ower annul ar skirt

section 128 is

formed as a frusto-conical surface 132. Further, the inner
di aneter of |ower annular skirt section 128 is substantlallg t he same
as the out erwo973ahet er of upper annul ar skirt section 28 SFTUSEAING

body 22 and the inner dianeter of upper annular skirt

section 126 is

substantially the sane as the outer freter of peripheral securing

wall 74 of reservoli, ee Jfiguy g2, %ngred!spgg WEESERUR) LebBlNegBdg S Tt 0

10 driving body |t unt

xtendi ng

annul ar |ip 80 ofafpskF4zhemmid w@upmgnmril tpqbe 90 ém:geag%ﬁfmt dinem ar
Ehgul ggg t130 . recesses 340 qtaa Ba2l gaknr e.&atvgeasebsﬁy $R0 agk dide/i NQ

ody oge er |n suc sition space r
circunferential | y® ﬁ%ayi5§rf§§e§03gf§g 3¥Beg ann?%ﬁﬂﬁﬁﬁggégqeﬂ to
and spaced aﬁbVEIEHMMLi’b&hmaﬂéeBpparenLBGromntbhediaqngstgnface of upper
skirt section 126;eremaft:@rde%%%s§@saaaul ahahghdl B8e A RPerddh tder ebet ween.

Thus, when reservoir 22 i flnserte g Vlnﬂ 2% ¢ bod |n

t he manner descrlfﬁﬁfﬁiﬁbfgflpﬁp &095F S 8 5 20 ?ﬁw?

securing wal |l 74, inpesicicncafter mbsibapnbssobeeherpmezeﬂc pi eces, rldes
al ong the inner fs%emofmumsr :sg» 'irELeQOBE' Pig1263 a%éy@éeé@w rib
136, and is heId etweeqtrl 134 an 6 W % annu q?ldlng area
138. e £aSD; aFSrﬁEB FAER Bheree I?ﬁ openi ng

142 which is aI|9mwt1M3mB anwardcehnesnside snuwfacecthexedf vethairi condui t
64 so that the URffpose £c2dWRith W93l BetBReCabpyBBhL M hef@lttikde54 1S
A double helical cam track 352 is formed on the
outer surface of upper annular wall 332, the purpose
15 for which will become apparent from the description
which follows. As is apparent, the walls 353 that form
double helical track 352 have a substantially sguare
cross-section, the purpose for which will become
apparent from the discussion hereinafter with respect
20 to the cap. Further, the entry 351 to each cam track
352 is formed as a vertical drop zone before rotation
can begin, thus ensuring accurate registry of the
closure cap and thereby, accurate operation of

dispenser 10, as shown best in Figs. 40,

89B and 85C.

25 Lastly, the lowermost walls 353 have a common

30

35

lowermost surface that extends in a horizontal plane,
and together with outer annular shoulder 334, form an
annular groove 355 therebetween for seating an O-ring
357 therein. Such O-ring 357 provides a vapor seal.

In order to ensure that the powder is
de-agglomerated and properly mixed with the suction air
from the open upper end of upper venturi conduit
section €8 of venturi conduit 64, a swirl nozzle 380,
as shown in Figs. 46-50, is mounted to the upper end of
reservoir bedy 22. Air which contains agglomerated
powder particles flows from upper venturi conduit
section 68 into the swirl nozzle. Mechanical



30 substantially flush with the upper surface of circular top wall

122. A circular plug conduit 144 depends downwardly fromthe
| ower surface of circular top wall 122 and is in alignment with powder
supply comgoistagres Circul ar 35 pl ug conduit 144 has an airarsstesset er
substantial ly equal to or slightly greater than the inside dianeter

of powder supply conduit 60. Thus, plug céhduit 144 WO 97/ 30743

PCT/ US97/ 01562 cl oses the upper
open end of poffcRSSiepeyatinBuie 8D importanh #%%%#wenrOkahzzgymni
assenbl ed wi t h nidziztieng body 120. Therefore, powder 62 can only escape

t hr ough mani f ol n 5, vaI 6 5 and
98. Furtheglrg “gggﬂ gsﬁncﬁggggggcuréﬁ%ﬁﬁ% alnlnduaJ' 148

ext ends downwaﬁ@ﬁyaﬂrennphérléﬁéﬂ salla%é4o¢xtendzqgrégnmwandﬁy\ﬁgdm 122 in
partial surg ourgieNperSpherPNof top!Walllsstar RApanids dide Wajan3yse a
further separa%as an outer diameter substantially equal to the outer
diameter of upper annular skirt section 126 of driving
body 120. Further, the inner connecting region 386
between circular top wall 382 and annular side wall 384
10 is curved to provide a smooth transition therebetween
and thereby to provide a smooth flow path for powder
62. In other words, the inner area defined by circular
top wall 382, annular side wall 384 and inner
connecting region 386 has a somewhat partial toroidal
15 configuration. The outer connecting region 350
therebetween, however, forms a substantially right
angle in cross-section between circular top wall 382
and annular side wall 384.
In order to secure swirl nozzle 380 onto the upper
20 end of driving body 120, and particularly, onto annular
retaining ledge 159 of driving body 120, four spiked
ribs 392, 383, 39§ and 395 are eguiangularly formed
extending down from the lower edge of annular side wall
384. Spiked ribs 392, 3%3, 394 and 3%6 extend arcuate
25 distances which are different from each other and which
correspond identically with the arcuate distances of
arcuate recesses 158a-158d, respectively, of driving
body 120 sc that swirl nozzle 380 is assembled at a
predetermined position with driving body 120. For
30 example, spiked ribs 392 and 394 can extend for an
arcuate distance of 36 degrees; spiked rib 393 for an
arcuate distance of 40 degrees; and spiked rib 3%6 for
an arcuate distance of 44 degrees. Spiked ribs 392,
393, 394 and 356 extend along a common circle having a
35 diameter equal to the common circle around which
recesses 158a-158d extend. Thus, spiked ribs 392, 393,
394 and 396 extend within recesses 158a-1584,



10 bet ween powder supply conduit 60 and frusto-conical vent uri

conduit 64 when reservoir body 22 and driving body 120 are assenbl ed.
In order to provide for secondary air flow, as wi |l be described

her ei naf t erwosh@edl | defining upper 15  annul ar skirt se®FFEE?I%2ext ends
inwardly in the radial direction to forma first outer air passage 150
adj acent to circular opening 142 in the ci féunferenti al direction of
driving body 120_and second er_ air a hayi its center
arcuately spacedrﬁﬁpec b‘fﬁ | rygtq%’f f %(ﬁ?[ gretgjregr %ﬁﬁﬁ%&%ﬂ%’%o 9%st air
passage 150Preferably, egta) tSPidkecallip 82BendPhg 3Phern@3Ie had las 154
and 156 arechpered éhdWhith GOEUYELENEGWNY rfangared slightly

inwardly fromthe periphery on the upper 25 Surface of circular top wall
122 in order to §€85Fé %?tggngiuﬁﬁﬁé$4%TQ5ﬁ°ﬁ‘ng body 120, as will be

descri bed ins gr ebteingl etrai inHedatiival paocesSpeswirt abdzzle B3N and de

wal | 154 is forneﬁecﬁnewggfé@éﬂéﬁéah@éwqa%%)l 8k88ked thedéfo iigmen air
passages 150 and  152; 6 d

a upper gui de 30 wal I, 156 is.for
circunferentialI?eEPSHgE%?Eeé%&H#aﬁ body 1§PbaB€t§Eeﬁ"3}$°$%.Sages 150 and
152. The commopnTherefore culraroxder alooifgxeidilyh seppre gwixk mwezile B and

156 extend barSPALSEimy | alﬁid,orﬁnt RS tRaEbRRET #e18888 SPeration
circul ar tog wal || 122 so as_.to define an_annular 35 , retalini'ng | edge 159
on circul ar 1Pop #& Pexdormed. SRRCINIGA] YouLAEFAPGRLF SHEEIY gtff de wal | s

154 and 156 dinetted raowartd dBpideid oribs 392, 393, 354 and 3%6. 1In
such case, the spiked or sharp ends of ribs 392, 393,
394 and 396 function as energy directors which absorb
greater amounts of energy. As a result, the plastic
15 material of spiked ribs 392, 393, 394 and 396 is fused
into the plastic material of recesses 158a-158d to
secure swirl nozzle 380 on driving body 120, as shown
in Fig. S0B. With this arrangement, there is a uniform
energy that is applied for securing swirl nozzle 380,
20 and an automatic operation can be used to perform such
securing operation, achieving a consistency at all
times.
It will be appreciated that, in such position,
first and second outer air passages 150 and 152 extend
25 inwardly of annular side wall 384 to supply secondary
air flow thereto which mixes with the air/powder
mixture from venturi conduit €4 which is also supplied
to the interior of annular side wall 384.
Circular top wall 382 has a central opening 402,
30 and a supply chimney 404 is formed on the upper surface
of circular top wall 3B4 in surrounding relation to
central opening 402.
In order to break up the powder agglomerates,
Prior to supplying the same through supply chimney 404,
3s a curved spiral-like wall 406 extends downwardly from
circular top wall 382 and is connected at one end 408
to annular side wall 384. Specifically, curved wall
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26 Four substantially equiangul arly arranged, el ongat ed
arcuat e recesses 158a-158d are forned on retaining | edge 159, the

pur pose fowowhdeawi || be apparent fromthe di scussi ®CTSITOISEN t er .
Recesses 5 158a-158d extend al ong different arcuate di stances. For
exanpl e, recesses 158a and 158c may ext end4f or arcuat e di stances of 38
degr ees; recess(ﬁ§8b for arqagte di st ance gf 42 qurees and recess
158d for an sd|1§’t Gy LAHegEgraper  from end LR, and | ower

annul ar skirt spattially?&bontcaentral spepiag #06 tHpaant oppesitEosrd ons

t hereof to for di 2yl s 4 and
166 cont alrnrigl\g tTv}\lxt)mdl ganet |€§?I o5 ggggiﬁeeasgrérﬁéggl%g‘g?smsaéélw and

165, respectivet WP&‘I yaglq 498 ?PPgHF%?hBLRMWQ‘ rom
their conne&ti omslll &beatist Itqw.zal to thatseft aanudéruppde walillIss Ho rt

secti On 126 andnar e MR P icklvaRCla®) 188 o808 149 L 0ALY 163

and 165, as shown, exten g ski
section 128. AStQR [Walde lc?é’safu 15’6'&"299 bﬁéﬁ’eﬂ- 8 wbsn aww} MPFchi 3&s 164
and 166 are engegeatbsembldd withaldritiing bedodgo]l28s désShibed aasvfe sprl ng

Curved wall 406 is effectively formed in two sections,

10 namely, a first section starting from end 410 and
extending partially about central opening 402, for
example, for 165°, and a second sectien extending from
the end of the first section to end 408 along a larger
radius than the first section. With respect to the

15 direction of the radius to the center of venturi
conduit 64, the second section preferably leaves or
disengages from central opening 402 at an angle of
approximately 15° parallel to such radius line,
regardless of the size of swirl nozzle 380.

20 As will be appreciated, curved wall 406 defines a
swirl cavity 412, such that the powder from venturi
conduit 64 enters swirl cavity 412 and continuously
changes direction as it increases in velocity, prior to
entering supply chimney 404. Thus, the powder

* 25 agglomerates constantly impact against circular top
wall 382, annular side wall 384 and curved wall 406
within swirl cavity 412. Further, the agglomerates
collide with each other which results in a mutual
grinding or shattering action between the agglomerates.

30 At the same time, secondary air flow from first and
second ocuter air passages 150 and 152 enters swirl
chamber 412, as indicated by arrows 414 and 416,
respectively, to accelerate movement of the powder
agglomerates in swirl cavity 412. The constant impacts

35 of the powder agglomerates on the walls defining swirl
cavity 412 cause the agglomerates to break up into
micronized powder upon impact. Basically, as long as



finger 163 and 165 is bent or forned into a concave shape so as to
have a depression 171 therein, substantially centrally located with
respect to the 25 | engt hwi se direction thereof. Finally, a
recess 169 iwovnmrehape of an arrow is formed in | ower PEAABPUILISEK r t
section 128 at a position m dway between driving openings 164 and 166,
and in radial alignnent with C|rcular éBening 142, with the 30 arrow
poi nti ng downward

d d.d f powd
62 from pov\ﬂi? RIS, Qgg%%)ra&fr ﬁ:,n%gg%%?ﬁi 8482 Oges of powder

met eri ng dose p|aY&iintYé;qhﬁrdlﬂﬂiiihﬂtﬂuﬂfmgm@ﬂm klnetlanQQEagyskort
section 28 of re Mo Qe Qa?g‘g‘;l jygedi ately bel ow reservoir plug 90,
Lk ‘i% 22A-22C an(ji

as shown in Figs.

Speci f.i cal | te dose
pl ate 180 i ncl udRREEhey m ‘Eﬁ%rléfé‘%ﬁg idinggng| é“%gi'f Phelfca? WO

97/ 30743 S path along the axial dlredHEEhUS&7b0ﬁﬁﬁﬁle, as in the
27 net er ed A-NEP edyyl r bergeh | CBwirl
funttions as a si pomdér recep?ggp' aBB? ¥a? rT@ wir

av1ty 412, first changes the dxrectzon of powder 62
from an axial direction of venturi ccnduit €4 to a
' transverse direction substantially perpendicular to the
10 axial direction. 1In this transverse direction, powder
€2 is then forced to continuously change direction in
the transverse direction of swirl cavity 412. Upon
exiting swirl cavity 412, the direction of powder 62 is
again changed to an axial direction through supply
15 chimney 404, while retaining a swirl component of the
fiow, that is, while swirling spirally through chimney
404. Since the micreonized powder and any remaining
agglomerates maintain the swirl imparted thereto from
swirl cavity 412, the swirling flow applies a
20 centrifugal force to the micronized powder and
remaining agglomerates, creating additional impacts in
supply chimney 404 so as to result in further breaking
up of the remaining agglomerates.
Most of the agglomerate break-up should take
- 25  place, however, in swirl cavity 412. The velocity
attained by an agglomerate deapends on the drag or
suction force, the inertia of the agglomerate, and the
.length of swirl cavity 412, that is, the time the drag
force acts on the agglomerate. Because of its inertia,
30 the agglomerate impacts a wall in swirl cavity 412 to
convert the same to micronized powder. .
) In addition, with the present invention, chimney
404 is provided with vertically oriented grooves or
flutes 405 extending along the inner wall thereof.
35 Flutes 405 provide more surfaces against which the
agglomerates can impact against. Flutes 405 are shown
as being formed by six vertical concave wall sections



hol ding a netered dose of powder 62. In order to prevent the netered
dose of powder fromfalling through 5 dose hole 184, a powder retainer
186 is formed in covering relation to the | ower surface of disc 182,
ext endi ng over dose hole 184. Preferably, p i ner 186
Is forned ygggﬁéih screen, filter, porous materi al g§ﬂ?%yﬁ#&%e whi ch
has a m nimal 10 restrictive effect on gas flow therethrough, while
preventing appreciable | oss of powdered nedi canment bel ow t he | ower
surface of di s&a1l82f Bofdestr eadins; which liife chartdxrdraiected & Biam any

sui tabl e rraterlvﬁrtlcal Cbﬁggggl legeg%# ' snj)cgfyrgarl %erm?aﬁlﬁs.

ceranmics, asses or composit exenp ary
material s |ncI&E'ﬁ§E§1ﬁﬁePeEIESPoﬂéaﬁﬂﬁs??%gigﬁfﬁﬁiﬁﬂ hatygisyner
menbr anes, nat updflinditesyahaklc nowevef Ahdhy¥ other suimm\een synthetic

fabrics ang%éh%ﬁkhggepggFeFan be gggﬁééﬁgllyi usef nhial s include

pol yest er 'n WOV por us ne } Aes of
pol yol ef i ns, p&%é(ﬁb’@n&bé!‘} WbéF?”Pét#a?#mm%yll%rwmflded:péll}dvpﬁyl i dene -

di chlori dg andos »edaagt 6theof confa.gﬁﬁtliwzo&ﬁ:el vert:.cally' %ﬁl'éh%eaﬁgar d,
reLer 19 dose, Mo EnkidyloBeButte o8 LEHLAG SN VLALLE R AR |,
met er ed dose h&uxrfage.puFuntibey, | apgehowh anflutesn B5 preferiablyof netered
dose hol e 1(B4. Rewsar f&ﬁhatﬂéruéﬁérhé‘ége of ﬁaictﬁx{e%u'aﬁﬂ wf:muu%ghen Wi th
an outer dianet %Ir%eegg ihg g 1 éﬁoru% %heal I:%vgt_'rn cci%%ent:iognd S
secur ed h&PFH rgéé %8s, S P
ls not so limited.
Flutes 405 aid in the break-up of agglomerates
that require greater de-agglomeration forces to
15 disperse.
Experiments have shown that fluted swirl nozzle
380 increases the respirable fraction over a similar
swirl nozzle which is not, fluted. Specifically, for
hard agglomerates, such as those having a bulk density
20 in the range of 0.29 - 0.36 g/ml, the same swirl nozzle
without flutes provided approximately a 10% respirable
fractien, while a fluted swirl nozzle provided
approximately a 35% respirable fraction. "Respirable
fraction" for purposes of these experiments is the
25 percentage of total particles delivered f£rom the nozzle
that are less than or egual to 6.8 micrometers in
diametey, as determined using a multi-stage liquid
impinger. 1In the experiments, the formulation was
mometasone and lactose agglomerates in a component
30 weight ratio of 1 to 5.8.
In addition to breaking up agglomerates, swirl
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
35 water column {5 Kpa) for ease of use by persons with
impaired respiratory function, yet sufficiently high to
permit significant primary air flow through metered



Wth such an arrangenent, there is a problemin accurately positioning

powder retainer 186 I n shal |l ow recess 183. Specifically, wth a hot
nmel t adhesi ve, t he adhesive may | eak into the nmesh of powder retainer
186. FurthS§ 3Jsl ty and consistency in positioning FTROYEIBE

ret ai ner ? ereln cannot be obtai ned by WO 97/ 30743

PCT/ US97/ 01562 47 28 t hi s met hod.
Further, powder retainer 186 may be di storted, thereby deviating from

the flatness thedesé hole 18ar. nThebpreasageddrdy thiwmgh myiodenazzds.
Therefore, in acggs danf etichias ttﬁa B&e%s%m? thé rsa«egfmé Hutweentenkl ¥1and

accurately forn1pomder . | ow recess ,183,
metering dose and jihg é’°f8'(§1P§ F‘éFér §BPy ?‘B‘P'Freﬂ‘ f%ﬁ?‘?%?@FF RBFdPRg
operati on. curvedﬂuumlfumslh;gtasthhbmmsbywhhﬁﬁmnhd|suabnﬁnsEcgzoﬁ0

228, powder éE’t ﬁé%eﬁ%%d:%ﬂ”%@&hgﬂgakoé PLEISASHT I Fig, 4ROSI §HOg Wi thin
a flrst nol d
. presently preferred embodiment, this angle is about
165°, although this value may change depending upon the
required pressure drop.

Further, an annular mouthpiece securing wall 418

10 is formed on the upper surface of circular top wall
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,
ocutwardly of annular mouthpiece securing wall 418.

15 Further, an annular lip 422 extends outwardly in the
radial direction from the upper end of annular
mouthpiece securing wall 418.

Also, gear teeth 424 are provided on the upper
edge of annular mouthpiece securing wall 418. Although

20 forty gear teeth are shown, the present invention is
not so limited.

Finally, a locator tab 426 is provided on the
upper surface of circular top wall 382, along the inner
surface of gear teeth 424, diametrically opposite the

25 location of venturi conduit 64 in the final assembled
condition of the inhaler.

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

30 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

35 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



formmetering dose plate 180. Then, the conplenentary second nol d half
189 is positioned with respect to first nold half 187 to formnetering
dose plate 180. 15 Second nold half 189 has a through opening 191 in

al i gnnment i predeterm ned position at which PP ERss ner 186
IS positioerq‘ke) I?IIS‘I;’I irst nold half 187. A core pin 193 is mglgirst%ed

w t hin opening 191 and serves the duglg purposes of holding retainer
186 is 20 place and also forming metered dose hole 184. Then,

pl astltc is i th eﬁiéwplm&diashlﬁdeé ﬁe{fmﬂh Waomihaig 13?1&9?55 03@5 g
Inj ection por [ es S a ow SS I S or ned aroun
Sl A bl il Sy, 4o FSRsR st

powder retainer d|n§ operation
results in 25 mpRvRRIeqe! &%W@S@%lmﬁemqfomerppaésﬂc

wi t hout conproni si nmt&@x&ﬂt rw&ﬁ{g W&%S%e@ftﬂdlﬁy form@8s int Bgpeof .

athor t han® us T8 4437 he b B remrnstaRg a0, et oy Et i £96 i sc
182, 30 as i nat Hehaflowmemixfae cfpart wald, sézaa,menurroundipgl i cation.
The use of a S”?éiaf‘?éxh =P 185 WS, | Byhen mdﬂ%‘i@l@%&uhabelgoﬁéitéé' ng,

| ess undul ations therejn an bei ng abl.e t Isc 182 in
atotally Rt Bt e P80 conhecting i'h‘g’\ﬁ é%znﬁﬁﬁf‘ﬁ'ﬁﬁspﬁgf 188

ext ends downwarwepyer endfqﬁnauﬂpiy(ﬂhﬂmnﬁgﬂ&nxaqﬂ sWigd H8223rd3B8 centrally
| ocat ed thegeon.hdg ar nounting post 188 is fornmed

In ordexr to secure mouthpiece 440 to swirl nozzle
380, the lower end of side wall 444 has a circular or
annular shape. At the inner surface of this lower end
of side wall 444, there is formed an annular V-shaped
15 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
swirl nozzle 380, due to resilience of the plastic
pieces, rides over V-shaped projection 454, so that
20 V-shaped projection 454 retains annular lip 422, and
thereby mouthpiece 440, on swirl nozzle 380. In such
position, the iower edge of side wall 444 sits on
annular ledge 420 of swirl nozzle 380.
Further, two sets of three gear teeth 460 are
25 formed on the inner surface of diametrically opposite
sides of annular side wall 444, immediately above
annular V-shaped projection 454 and positioned
centrally of opposite sides 446 and 448 of side wall
444. When mouthpiece 440 is assembled with gwirl
30 nozzle 380, gear teeth 460 engage with gear teeth 424
to prevent relative rotation between mouthpiece 440 and
swirl nozzle 380.
Referring now to Figs. 56-63, a closure cap 520 of
metered powder dose dispenser 10 is provided as a
35 closure for mouthpiece 440, and at the same time,
functions to prime metered powder dose dispenser 10 for
use. Specifically, closure cap 520 includes an upper



WD 97/ 30743 PCT/ US97/ 01562

29 with a bar 190 extending axially along the inner surface of
nounting post 188 in dianetric relation to net ered dose hol e 184. Bar
190 ext endsywigPpuidae | oner surface of disc 182 to a paosttussessseght |y
spaced from 5 the | ower edge of nounting post 188, and preferably has

a square cross-sectional configuration. Asall be under st ood from
the description hereinafter, bar 190 ensures that netering dose plate
180 will remain elong3fgdi anmwlani caveringatl SAAIEH oty i r?d-%dv\ﬁén 10

powder housing 2QrsWappiri 888 UBpsargeseyily oiboar top wfaaaersmn r @l ug 90

and driving body at ed ey | red. dose hol e
184 is |n|t|allyl%%8r Fﬁnﬁﬁéﬁnﬁ%ﬁvrbf?hs¥+{&t%k éﬁé%ﬂl urlaﬁﬁﬁ&ﬁ t 64.
As will be expl aithes Benvlanfceverpogoedlhdidid ngt2EEaUrER toothe dowert t ed
to rotate 18Q erfghd' gleabhhngise E@Géﬂ. WOBE 522 thYcidgh Jaﬁpar&hrl'a&g i nitial

LSt ant i al Ly’ SCM%Peso%cyndcweﬁgoa 7, P Y “”demgfoé"' g
within and i s scegsudipngt skirt c526 tesepern). Ruttherss theSpemem cal | y, t he
side walls definidigmeter of lower annular securing skirt 526 is
' slightly larger than the outer diameter of upper
10 annular wall 332 of adapter 320 so as to fit thereover.
In order to secure closure cap 520 onto metered
powder dose dispenser 10, and particularly, in covering
relation to mouthpiece 440, two helix cams 530 are
formed in diametrically opposite relation on the inner
15 surface of lower annular securing skirt 526. Thus,
when closure cap 520 is inserted over powder housing
20, swirl nozzle 380 and mouthpiece 440, cams 530 of
closure cap 520 initially vertically drop in entry 351
and then threadedly engage with double helical cam
20 track 352 of 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 is noted that cams 530 and cam track 352 are
provided in place of conventional screw threads. This
25 is because, with conventional screw threads, cap 520
may be prematurely pulled off due to the tolerance of
the threads. As a result, metered powder dose
dispenser 10 may not be operated correctly, that is,
not turned a full 180° during priming and delivery
30 thereof. However, with cams S$30 and cam track 352
having walls 353 of a sgquare cross-section, numerous
advantages are achieved, including preventing premature
opening of cap 520, ease of use, ensuring proper
location at all times of the rotational positions of
35 the parts of dispenser 10, and ensuring that the
counter (described hereinafter) is always correctly
activated to always correctly change the dose count.



substantially oval holes 96 and 98 function to scrape t he powder 62
into nmetered dose hole 184. It will be appreci ated that, since oval
hol es 96 and 98 are spaced | ess than 180[err] fromcircul ar hole 94,

netered d 25 184 travel s conpl etely past oval hﬂ‘:ﬁﬂsﬂ/ﬁw@f‘d 98 and
mani f ol d 3%69 eﬁ? during the return rotation back to the initia

position, netered dose hol e 184 passes bagk under mani fold 46 and
substantially oval holes 96 and 98, into alignnent with venturi

cogdui t _64|. | Dur'irmas,BQ:lap lsh'gScant té'lbﬁ ehguge, witle adaistern|d2 dakini n% i
substantially q e n r t he powder
62 into netere ag‘lés%%ﬁo%erglﬁﬂ?’hg‘s‘gg&a %ﬁs‘%‘#%&%‘ﬂ(atﬁr%ét %(r;'e%R ose hol e
184 is conpl et &8Ftaid Figs.;888r ard| $9Fk| | ed. Thus, the scraping action is

Bﬁ pr ovibdeg duri ng:bﬁatitucaunhp &léaskgaéaetﬁad ﬂLOCdﬁMe&S diﬁtﬂet&&t ki on,
PR I T R sg{%ﬁsz?ggg.ﬁéf&en B
PCT/ US97/ 01562 identical with the outer diameter 3pf lower AWmpnlert wadll dose
hole 184 is al igiechpMalddp¥eBt 4bb to provide a relative smooth,
continuous appearance. In order to aid in the removal
and closing of closure cap 520, the outer surface of
10 lower annular securing skirt 526 is formed with a
gripping surface 532 formwmed by undulations, knurling or
the like, to enhance the gripping and rotating of
closure cap 520.
As discussed above, closure cap 520 alsoc serves to
15 prime metered powder dose dispenser 10 for use.
Specifically, a first pair of parallel, axially
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
20 lower annular securing skirt 526. A second pair of
parallel, axially extending, spaced apart priming ribs
536 are alsoc formed on the inner surface of closure cap
520, extending a small distance down from
frusto-conical connector 528 onto lower annular
" 25 securing skirt 526, in diametrically opposite relation
to priming ribs 534. The priming ribs 534 and 536 of
each pair are spaced apart by a distance slightly less
than the width of driving recesses 164 and 166,
respectively, of driving body 120, for biasing spring
30 fingers 163 and 165 inwardly, and also, for engaging
sides of driving recesses 164 and 166 to rotate driving
body 120. As shown best in Figs. 59 and 63, each of
the priming ribs 534 and 536 has a lower ramp portion
535 and an upper ramp portion S37 which meet at an
35 intermediate projecting portion 539 and reduce in

thickness as they move away from projecting portion
539.



conduit 64, it is then only necessary for the user to I nhal e t hrough
venturi conduit 64, causing a draw and suction through netered dose
hol e 184, wherein the 5 net ered dose of powder 62 is drawn up through
venturi wb9skd 64 and delivered to the user. pCAVUER 1622
nmetering dose plate 180" will now be described in connection with
Figs. 24A-24F, in which el ements correSponding to those of netering
dose plate 10 180 are identified by the same reference nunerals with

a prime (') added ther¥kep closure capii2 iy regoved xemiBeteredpositi oned

wnth:]I n | gprerpm&8do§d<ld|£ap‘e&£§d10&028nﬁf:e&6aeabﬁbr gbmeléme is in 180
|m"rE|atey el ow eserv u as w t rmn (015 { e .
Speci fically, %c}sé""&rﬁ?'een%éﬁl condur".ﬁc de§ggé§’hfﬁrd| ’Elggil on
having a single sbmlthmamed Thus,dcligpesiser134 iscfnlicppimedhand

thereof whichs  reddiCid® ¥hidd atiSn Byt aogwé%nr ecapt gaks, timal éﬁnxﬁ
hol ding a netered_dose ouﬁgpmde 62. In or ent tg red

dose of powder fritRIeFFi are Hﬂ5§§1ﬁ8f I§4gec5558ﬁd i ner
186' is forned i n346 of culagrtiary 3241 .at iThwst, 0 dispensacr lgunSabereddusc 182",

extendi ng at | eas¢nhpy oékysgnhole 184' . Preferably, powder retai ner
186 is fornmed by a ne sScreen, fgllter oroys materi al ?ﬁ {he |ike
whi ch has a mi ni nal e QReTALIS l'\/é" ARSErtdRgy 52OPHER FARr B2 BRigh, while

preventi ng appr ecshxmwre imsfstgn‘ [BOAcrSE] ameld Fdgsen80A andb8bBw t AEteower

surface of disc 1@1% 1drf GHet@t ion, cl%@ur@aBaBesﬁﬁbiéc?égfit{&%a any
sui tabl e naterlal thnc ud| ceIIuI05|c§ %Q nMerlcs ceram cs,
e assemb as shown in . B9A. At this time

cams 530 are not engaged within cam tracks 352. Upon
turning of closure cap 520, cams 530 fall within the
15 beginning portions of cam tracks 352 and can be pushed
down therein, as shown in Fig. 89B and 8%C. At this
time, priming ribs 534 and 536 engage and push in
spring fingers 163 and 165, and alsc engage sides of
driving recesses 164 and i66. 1In other words, during
20 the initial closure operation, lower ramp portions 535
of priming ribs 534 and 536 engage upper portions of
spring fingers 163 and 165 and bias the same inwardly
of driving recesses 344 and 346. This is shown in more
detail in Fig. 90A. As a result, driving body 120 can
28 rotate relative to adapter 320 to the closed position,
as shown in Figs. 89D and 89E. During this time, cap
520 engages with driving body 120, so that continued
turning of cap 520 results in turning of driving body
120 relative to adapter 320. As cap 520 is rotated, it
30 is pulled down by cams 530 riding in cam tracks 352.

At the completion of the rotation, and because of
the configuration of spring fingers 163 and 165 and the
complementary configuration of priming ribs 534 and
536, spring fingers 163 and 165 spring back into a

35 lockirg position into mating engagement with priming
ribs 534 and 536, 180° offset from the inhalation
position, that is, with Bpring fingers 163 and 165



gl asses or conposites thereof, exenplary useful mat eri al s i ncl udi ng

sintered porous plastics, porous pol ymer menbranes, natural or

synt heti c woven fabrics, nonwoven synthetic fabrics and the |ike. Mre
35 speckg 55& , useful materials include polyester andper, %%olefln
woven nesh, an3 por ous nenbranes of pol yol ef i ns, polyca ona
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£39t a€ priming ribs 534 and 536 are received within
corresponding concave portions of spring fingers 163
and 1€5, as shown best in Fig. 90B.

It will be appreciated that when cap 520 is in the
fully closed position of Fig. 89E, spring fingers 163
and 165 are returned to a free state, that is, a state
in which there is no stress on spring fingers 163 and
165, This is provided so that over time, spring
fingers 163 and 165 do not take a permanent set or
deformation in a biased state, as with most plastic
materials. This would be detrimental to the operation
of the inhaler. The particular shapes of spring
fingers 163 and 165 and priming ribs 534 and 536 are
provided for this purpose. In addition, the lead angle

Thus, closing rotation of closure cap 520 causes
the 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. 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
320. During such movement, spring fingers 163 and 165
initially engage with bevels 345 on recesses 346 and
344 which cause spring fingers 163 and 165 to move
inwardly in order not to hinder rotation. Thereafter,
as cap 520 begins to rise, spring fingers 163 and 165
again are engaged by priming ribs 534 and 536 which
push in spring fingers 163 and 165. In other words,
during the initial opening operation, upper ramp
portions 537 of priming ribs 534 and 536 engage upper



underside of disc 182', the underside of disc 182" is provided with a
plurality of concentric ribs or spikes 185', each having a
substantially inverted triangular 15 cross-sectional configuration. Wth
such arrangeg@ibmezss When the nesh screen of powder retai pegub®orséss

posi tioned on the underside of disc 182', an ultrasonic wel di ng
operation is performed. Specifically, glst rasonic energy is directed
toward the underside of 20 disc 182'. 1In such case, the concentric
spi kes 185’ pontions o spmiqg'ﬁﬁnganan&faMdndhléssanﬁ biaat e

amounts of ener 0y kg bigrdEPRL AN cladd S IREE U  acaBlatlisty 167
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S a uni f or ntheespen tpsdit Sormppl i ed for securing powder retai ner
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%Lngmegn\cliM fﬁn;r gl lri%ggc 5?‘%‘%}? éjam#"{w %ngwat E_Qg eoﬁ‘ggﬁksufz?ace of
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Bar 190 10ext aDflgnhérct aMitH erdith il condiiignisi4ngapasieddp forind
inhalation. There is thus no need to provide any
additional priming and set-up operation after closure
cap 520 is removed.
Further, closure cap 520 includes six
15 equiangularly spaced protrusions 538 formed at the
inner surface of covering wall 522, spaced a small
distance from top wall 524.
To protect powder 62 against moisture
contamination, a desiccant holder 560 is held by
20 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 extending
down from the periphery thereof. An annular recess 566
is formed in the inner surface of annular side wall 564
25 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
surface of annular side wall 564. In this manner,
desiccant holder 560 is inserted within closure cap
30 520. Due to the resilience of the plastic pieces,
annular ridb 568 rides over protrusions 538, so that
desiccant holder 560 is held within closure cap 520
adjacent top wall 524 thereof. A slight modification
to desiccant holder 560 is shown in the assembled view
as of Pig. 4.
A counter mechanism 580 is provided for counting
the number of doses that have been dispensed or
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32 preferably has a square cross-sectional configuration. As
with metering dose plate 180, bar 190" ensures that nmet eri ng dose

pl ate 180 remain stationary with fespect to po i,ng 20
when pomdéy ﬁhh? g 20, 5 which includes reservoir body ggﬁﬁggggéeoir pl ug

90 and driving body 120, is rotated. In order to provide for
this relative rotation, nmetering dose plate 180 is non-rotatably

mounted on, mcmiﬁa thehQusbas 3@ aéséataaaelyemmtww a base 10
200, shown in and _25- 29. B 200 |nc% a C|rcular top
wal | 202 haV|rméé%?ﬁﬂﬁﬁﬁ s??rf°?8ﬂrn eﬁ?%ﬁd? g‘c‘j WaeFm t he
peri phery t her el#fpletiion. Mapwrwaeﬁabfedgehﬁﬂletlc!néuelﬁqinmgﬂl 202 is
cut-aw?y to %Lg&feﬂfa%@ qutegmannulai keﬂﬂeefgétr&ﬁ@rﬁﬁﬂxﬁ%lrlé it 204
27 Ehe | ondt oF daRased Sathin ghe bade, 58 0f6Er arens, SE B fom i ( he
radi al directi clewifce, andamddllaregkire @DdctAicablyleondudtiva09 having a
di ameter |ess té@lﬁé&%‘ ggﬁcﬁuemﬁ?&beg hi B3 288: ¢ Saf Obdthd pfine 3k ARG UPPEr
end of supportlng
dose loadlng operation; the characteristics of the
required battery will be a factor in establishing a
10 shelf life for the device. Presently preferred is
counter mechanism 580, a decrementing mechanical
counter that indicates the number of doses remaining to
be dispensed.
Counter mechanism 580 is comprised of the
15 aforementioned first and second rotation prevention
spring detents 224 and 232 on base 200, the
aforementioned transparent plastic window 330 of
adapter 320, a continuous counter ring 590, an
intermittent counter ring €20 and a spring-biased pawl
20 assembly 640.
As shown in Figs. 3, 4 and 6§7-70, continuous
counter ring 530 is formed by a disc 592 having a wall
with a2 substantially rectangular cross-section. An
outer annular ledge 594 is formed on the outer, upper
" 25 edge of disc 592 by cutting away disc 552 thereat.
Further, 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
30 formed at the lower edge of disc 592. 1In this regard,
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
96 seats on annular ledge 206 of base 200 -in
35 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



Fig. 4, annular wall 209 can have a plurality of axially spaced apart,

annul ar teeth 211 on the outer surface thereof. In addition, an
annular retaining rim 210 is formed on the upper, outer surface of
annul ar 25 wosdeiag$s3204, parallel to supporting |ip 208 and ecwrussanise:

wal I 209, and spaced above annular wall 209, so as to extend outwardly
fromannul ar skirt 204 in the radi al dsgsection thereof. Retaining rim
210 has a di aneter slightly less than the dianmeter of annular wall

209. 30 Thus, aowernahanlast2ipi 6§6gapSpecificiblyedwetsvasessive annul ar
wal | 209 and r et gleNgel hihmBéds "o* throu?ﬁUEQheire Siftdg post 214 is

f or med, extendin% . uimaig g fromannular wal | 21 .téha.h%%ﬁpt above
retai ning ri m218TAFPIBLATEY GPeRERPOYD.. PuRerigal sindiqia &tsi de
di aneter equal t prihzedofinaanveztivall manner209Thusd Tidiccis c0Onant && Wit h

retaining rim 2l ' : LAl
PCT/USQ??OngE FedBdwhile fébePda Pbhief ﬂ@?ezééﬁpenser ldNQSQE&ggﬁﬁﬁdrical

boss 216 is for mégFatedBrafPythRgmanner that it should be used.
Twenty gear teeth 602 are equiangularly formed on

the inner surface of disc 592 in correspondence with
the twenty numbexrs of numerical indicia 600. All gear

10 teeth 602 have the same depth in the radial direction,
with the exception that diametrically opposite gear
teeth 604 and 606 of gear teeth 602, corresponding to
the opposite numbers "5" of numerical indicia 600, are
deeper than the remaining gear teeth 602, that is, gear

15 ceeth 604 and 606 extend outwardly in the radial
direction to a greater extent than the remaining gear
teeth 602. When continuous counter ring 53%0 is seated
on base 200, first rotation prevention spring detent
224 of base 200 engages with one gear tooth 602 at a

20 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
with a substantially rectangular cross-section. A

25 lower annular lip 624 axially extends from the lower,
ocuter 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
lower edge of disc 622. 1In this regard, intermittent

30 counter ring 620 can be rotatably seated on continuocus
counter ring 590, and in particular, inner annular
ledge 626 is spaced above continuous counter ring 530,
while lower annular lip 624 seats on outer annular
ledge 594 of continuous counter ring 590.

35 A plurality of numerical indicia 628 are printed
on the smooth combined outer surface of disc 622 and
lower annular lip 624. Specifically, numbers "0"



axially on the upper surface of circular top wall 202, wi th an upper
annul ar portion 217 thereof partially cut-away and a radi al segnent
219 thereof also cut S away. A coaxial retaining post 218 of |esser

di anet er than cylindrical boss 216 is fornmed at the up d of
cylindri ca™ e 16, Accor di ngly, an outer annul ar (81'6{_{\ 9%

formed at the upper edge of cylindrical boss 216. Retalnlng post 218
has an outer dianmeter 10 slightly |ess t%an t he inner dianeter of annul ar

mount i ng post 1&§rghggehgghngrgogglﬂgageeégg ?Frexﬁ Retdid @st 218 is

formed wwth a slot 2 g ab | en Accaor |ngly, due to
bar 190 and sl olN“menCQ 23nHiGHR; Ag8 BT %‘B“'Eﬁ M & YRFtdcad PRRRETIS0 s
15 retai ned offhustaindigipo6282¢8ni he arewd-witil afdtrered posiderc Bolse

ensure that et oiapdodas® gl sheudfoht] |cnar 14 SR Tl I Ll

respect to pomder powder ou5|ng ch o ncrudes
reservoir b&dy 8 °“1§2ber§§8Fv0|r pl ug 90 and driving body 120, is rotated.
20 Two short Twehtyagear?2féeahde 2@ e ceduiiamyblariyh€ormed opper

surface of top ’7’%{ bggggggt gkydg cows# }orr%sp%n‘#é qu\éhl ndri cal

boss 216. Stub are an ect to each ot her
at an angl e of th e tHﬁEFUXPHEPEF? 8H H%ﬁ?%%%? Jpdicia 5?&3 pddd geax

count er nechanitﬁgﬁhl@bOWhhbebEhe samdeaéﬁtﬁkihlﬁhdﬂfﬁﬁﬁﬂl défraiction.
her ei nafter fwlhl‘ emsg%%néogo E¥§”§ir?%\affdz{}gse%tt@&t %24 IS nount ed

in a cantllever RERRS? ircular_t'o eC|f|caIIy, a
curved vertical COREARROREPEERDFRY WARE 390, §EEPQQG¥9R§§ﬂﬁﬁmﬁFGNFnFmﬁm
circular top walspritid 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

15 appreciated from the discussion which follows, gear
teeth 630 extend along a larger diameter circle than
gear teeth 602, so that gear teeth €30 are outwardly
displaced in the radial direction from gear teeth 602.

Further, a dose limiting tab 632 extends upwardly

20 from the upper surface of disc 622, corresponding to a
position between numbers *9" and "10", to prevent
operation of metered powder dose dispenser 10 after a
prescribed number of doses have been dispensed. For
example, where metered powder dose dispenser 10 is

25 limited to dispensing 200 doses, dose limiting tab 632
can abut against a dosage limiter tab 336 of adapter
320 after dispensing ¢of the two hundredth dose, to
prevent further relative rotation of powder housing 20
with respect to metering dose plate 180, as will be

30 described with respect to the operation hereinafter.

Initially, number "19" of indicia 628 is aligned

with number "9" of indicia 600 to form the number 159,
which is exposed through transparent plastic window 330
of adapter 320. After the first dose is dispensed,

35 only continuocus counter ring 590 rotates so that the
numbers "19" and "8", respectively, are exposed to form
the number "198" which is exposed through window 330.




position substantially m dway between annul ar | edge 206 and

cylindrical boss 216, and first rotation prevention spring detent 224
extends from one edge 228 of detent supporting wall 226, parallel to
and spaced a‘p‘gg%‘% circular top wall 202. Further, the fpeguerdisss first
rotation prevention spring detent 224 is provided with an outward
radially directed tab 230 thereat. ¥® 97/ 30743
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of the counter nealfasrstheimexc vide doses)e ctdyccontdnudugr eatnterieting
hereinafter, a Seggfdrorared %&élﬂ{bﬂﬁ%ﬂ&og il ¢odCkgBh doge! S Mmount ed

in a cantllever manner on circular to peci.fically,
second rotation pPEteRt e RyRbery "dAEhtis exP°f§§ SPrengh FiBdewddie 208 of
det ent supportlngtMthext dogl refuflitad |igl Hovrhardntiacedsabounater reimgr top

brevention sp ng 10t Si. SBer Rt G SRaRe Sl K0! FLeat g, ro comm

prevention springthet Banben 2" 189 by o\Fhiad QBQH#=1°H continues until the
number "00" is exposed through window 330. At this

time, intermittent counter ring €20 has been rotated to
a position so that dose limiting tab 632 abuts against
/ 10 dosage limiter tab 336 of adapter 320, to prevent
further relative rotation of powder housing 20 with
respect to metering dose plate 180.
In order to cause such rotation of continuous
counter ring S90 and intermittent counter ring €20,

15 spring-biased pawl assembly 640 includes a pawl driver
642, as shown in Figs. 3, 4 and 75-79. Pawl driver 642
includes an arcuate outer wall 644 having a height
greater than the combined height of continuous counter
ring 590 and intermittent counter ring 620. A U-shaped

20 retainer 650 is connected to the free ends of arcuate
wall 644. U-shaped retainer €50 has a height less than
that of arcuate wall 644. Accordingly, a loop defining
an open area 652, is formed by arcuate wall 644 and
U-shaped retainer 650. A flange 648 of a substantially

25 triangular cross-sectional configuration, forms an
extension at one side of arcuate wall 644 at the
intersection thereof with U-shaped retainer 650, but
being of a height substantially equal to that of
U-shaped retainer 650.

30 A pawl 654 is centrally formed on the outer or
convex gurface of arcuate wall 644. Thus, when pawl
driver 642 is inserted on circular top wall 202 of base
200 in surrounding relation to cylindrical boss 216,
pawl 654 can be inserted within a gear tooth 602.

35 However, because gear teeth 630 extend along a larger
diameter circle than gear teeth 602, pawl 654 can only
engage with gear teeth 602 and not with gear teeth 630.



an outward radially directed tab 234. A triangul ar shaped

sectored recess 236 is forned in circular top wall 202 in
correspondence with detents 224 and 232, and dianetrically opposite to
post 214. 15 Specifically, recess 236 includes a first racg al

boundary ¥8%%¥4tantially in line with the connected PCINBOUP St ent
232, and a second boundary 242 extending in alignment with the

| engt hwi se direction of detent 232. Further, a shall ow

recess 243 is i:ﬂﬂﬁr : : 0 halkegd | edge 206,
I n alignment pfgglw t ?@‘ccieg%éﬁnr écseg%‘%%%,gg%ngsgi gﬁg%?%a y &)Eo%elgt e
post 214. of geax, t@efdy 604 O3F 68§ -hi 5 FUERr FAGE dORECINER TEBBD 25

i nt o engagenenttedt siolae an@\V&D 6S drkadeepbrt BhAnCthéUr@haining Redze 92 of

reservoir plug 0 resth p . 2,can |y i nhal ed
when netered do'%(ela':fii’{c])Iq;é’t",I82"!;?.";‘l i%r'?-4 Ean gggﬁ?\‘mﬁﬁfowg?ﬂ ?/%%%ﬂeriwb%’mﬁﬁﬁr 64, a
bi asi ng assenbleeth 6303 pSimcgegeazpteeth 604hand; 686 mressranasd, i ncl udes
a lower spring apart B3t dieftigedtl teethl €gadl 858ULAGayeslORi(h ALlof

el20Lng, oSt ok, TUUR e E gk, o200 lnops, a1 BRI,
264 sized to r &and rhez®by engagesnyisbin ere. of Ageannteeth oXd a166 ext ends
from the I tSwef 2¢° rekata®dy282ive SHELPMDELOSE MRt ring 1O
central oRgi NG A0%: ' edne S hilous" eolfter?Eing s90.

In order to bias pawl 654 into engagement with
gear teeth 602, a bent, substantially inverted L-shaped
spring 658 has cne end integrally formed centrally, in
regard to the widthwiege and heightwise directions, at

15 the inner surface of arcuate wall €44, with the free
end thereof hanging down to push against cylindrical
boss 216 of base 220 within radial segment 219, thereby
biasing pawl assembly 640 outwardly in the radial
direction. This causes pawl 654 to enter into

20 éngagement with gear teeth 602.

It will be appreciated that, by forming spring €58
integrally in a single molding operation with pawl
assembly 640, the number of parts is reduced, a single
molding operation is utilized, assembly of the parts is

25 easier, and the spring can be made more flexible and
reliable.

It will be appreciated that, when pawl assembly
640 is positioned on base 200, opposite Bides of
U-shaped retainer 650 are positioned within angled stub

30 walls 221 and 223, so that there is just sufficient
room for pawl assembly 640 to rotate by a small angle,
in order to function as a ratchet assembly with respect
to the gear teeth of counter rings 590 and 620.

Referring to Figs. 80-83, there is shown a

35 spring-biased pawl assembly 640‘’ according to ancother
embodiment of the present invention, in which elements
corresponding to those of pawl assembly 640 of Figs.
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35 ext ends through annul ar boss 266 and central opening 264, the
| ower edge of annul ar boss 266 seats upon annul ar | edge 220.

An upper annyl@ézdeisai Ning |ip 268 extends 5 upwardly from pE&fruseioissaer al
edge of disc 262. Further, two radially extending driven ears 270 and
272 are formed in dlanetrlcally opposi tggpositions at the

peri pheral edge of annular |ip 268. Ear 270 has a wi dth substantially

equal to the w dt lvsf79dmireecideatifdedObyothecsaneoreféveyc® 2ngrersld,0 fit

therein and be drigyse eneby has a w dth substantially
equal to t he Qg%h gflgglée9s gagg EE%rreéervmr bod

s
fit therein and be dri V&% PRé¥ePjEference betwgen pawl  3s ?@éﬁﬁeﬁﬁﬂmM‘“d
driving wall 274 edwancsskmblyfl et fbethavetheuftaecend of ssp2ihily BH8reen

gpgggﬁgebg?sapprOX|ngiels %ggmgi&lggﬁfzpﬁg Q'?F;i@% c££¢e?ﬂ%%59es opposite
pawl" driving ends Ay fx@mokhe fixed eng; ghe§6°§escr| bed in greater detail
hereinafter with Referring to Figs. 84-88, there is shown a
spring-biased pawl assembly 640" according to still
another embodiment of the present invention, in which
10 elements corresponding to those of pawl assembly 640 of
Figs. 75-79 are identified by the same reference
numerals, with a double prime (%) added thereto.

One difference between pawl assembly 640" and pawl
assembly 640 is that spring 658" of pawl assembly 640",

15 rather than being formed as a substantially L-shaped
member, is formed is a generally linear member with
tapered sides, extending at an angle from the upper end
of the inner surface of arcuate wall 644". Another
difference is that flange 648 is eliminated entirely.

20 In the operation of counter mechanism 580, lower
spring retainer 260 rotates 180° with reservoir body 22
relative to metering dose plate 180 between the stored
position when closure cap 520 is threaded onto adapter
320 and the inhalation position when closure cap 520 is

) 25 removed from adapter 320. When metered powder dose
dispenser 10 is in the stored 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. Further, in such position, pawl

30 driving end 276 of arcuate pawl driving wall 274
engages with pawl assembly 640.

When reservoir body 22 is rotated the firxrst 178°¢
toward the inhalation position, pawl driving end 278 of
arcuate pawl driving wall 274 is rotated into

35 engagement with the opposite side of pawl assembly 640.
As a result, pawl €54 is rotated so that it rides out
of the shallow gear tooth 602, thereby compressing

to



20 reference to the counter nechani sm The bi asi ng assenbly
further includes a coil spring 290 having one end seated on the upper
surface of disc 262 of |ower spring retainer 260, and restrai ned
t her eon b)@@gm&g retaining lip 268. 25 As shown ipcfueieissz 4 and
35-37, ‘the Dbl asing assenbly further includes a support plate 300 which
supports netering dose plate 180, functi @®s as an upper spring
retainer, biases netering dose plate 180 agai nst the | ower surface of
thin circul ar Spxiagof5ef 3JBhenrterrdeses dlawe dEemddgpenseds suction

through net er e¢ent inud@SEobat forl 8 Aty 01BN TR/ RMhURSBale! 8548¢ci S 1N
alignnment with venturi ¢ Speci fi cal | sug?ort pl at e
tngeRfp 304

ndui t 64. f I
300 1s formed BPEAte a SLTSRT SABOURNTRE £2LiASE e B
extending 35 tdowhwaprdl ywhicm ise piseplgasat teadgd,offodi exafiple.

et ri cally Shaoal e Dol | S e ke B 024, JByfgTear |
PCT/ US97/ 01562 tooth 604. Since gear tooth 604 isz@a deep gear tooth,
pawl 654 also enters one of the gear teeth 6€30. At
this point, metered powder dose dispenser 10 is in the
inhalation position in which metered dose hole 184 is
10 in alignment with venturi conduit 64.

After the user inhales the dose of powder 62,
closure cap 520 is threaded back ontc adapter 320. As
a result, reservoir body 22 rotates back to its initial
position, which also results in rotation of lower

15 spring retainer 260. During this rotation back 180°,
that is, 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 to its initial
position. During such movement, since pawl 654 is

20 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
with one of the deep gear teeth 604 or 606, pawl does

©25 not engage with a gear tooth 630, sc that only the
continuous counter ring 590 would be rotated.

It will be appreciated that continuous counter
ring 590 and intermittent counter ring 620 cannot
rotate in the opposite direction because of first and

30 second rotation prevention spring detents 224 and 232
which engage with gear teeth 602 and 630, respectively.

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

35 be 180°, but could be for a lesser or greater arcuate
distance. In such case, the length of arcuate pawl



peri pheral edge of annular |lip 304. Ear 306 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 t hereby, and ear 308 has a width substantially
equal to Syd@nagkgdth of drive slot 36 of reservoir body 22camwsazeiséz to
fit therein and be driven thereby. The hei ght of ears 306 and 308 is

| ess than the height of annular lip 30451 and | ower surfaces of ears 306
and 308 are substantially flush with the | ower edge of annular lip 10
304, al though thdrimipgt wahli 276owoudd| berichanged to incremansallyion, a

central circul ar ghghe ?;Qllgsggﬁggg 640. in disc 302 and is sized to
rotatably receive ann #g ggst 188 of, ne%ﬁ%lng dose g %ée 180
t her ei n. A radi ag‘Fﬁ"Eﬁfﬁﬁangw% { T8 PRSASHHSTVERRE SRy R EHEH
comruni cati on w pewdercdbae fdbpeBger 1§ b8 Piwvisglad et accupavelylly in
the radial digr e%eaaub}&satﬁésaa@&s éf'cﬁowderéé‘alﬁeciﬂﬁufeﬁ@' gbl yeouter part of
sl ot 312 overlap%\ﬁll here dose hole 1 nme ire dose hole 184 is
in - al i gnnent SRRENSTER: BPi tREnBAFLeRY: eﬁﬁF?%?%ﬁ#; & 9BBPERPERERt with,
and t her eby doeszsogreaenyap;mpbiéied in cohsteriotieonl adédaassbinbby hevet | nes.

As described aboyge ngg tainer 186 is formed by a mesh screen,
filter, -porous nater e like which has, a mnimal restrictive

effect on gas flow 25 PhefthFoﬁbﬁve tHomRRLS . SR fheeeKcerrieh of the
i ke | d0usedetkllepdate 83r candt spning 296, fdmevprefdrabiyeby of

any suction by tgﬁbﬁéﬁteﬁff Q' PELERI§! dvaPlible p1a2tiEd GHil0 Bfe
alternative enbodi nent, as shown I n
former parts are preferably fabricated from suitable
metals. Typically, the various components which do not
reguire porosity or other special properties will be
15 molded from ocne 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 surface flatness, will be
20 constructed from a lees easily deformed substance such
as a reinforced plastic¢c, ceramic or metal. Of course,
materials selected must be chemically compatible with
the medication to be dispensed. For reasons of cost, a
maximum utilization of plastics will be preferred where
25 the device is intended to be disposable with no, or
only a limited number of, medicament refills after the
initial charge has been dispensed. Other "“compozite*
components can be used elsewhere in the device where
special properties are reguired.
30 In order to assemble metered powder dose dispenser
10, powder housing 20 is first assembled.
Specifically, reservoir plug 90 is inserted within
reservoir body 22, desiccant holder 560 is snapped into
closure cap 520, swirl nozzle 2380 is assembled with
35 driving body 120 and mouthpiece 440 is assembled with
swirl nozzle 380. Next, continuocus counter ring 590 is
fit onto base 200 and intermittent counter ring 620 is



Fig. 38, powder retainer 186 conprised of a nesh screen 30 or the |like can

be relocated to the | ower surface of di sc 302 of support plate 300,

- under slot 312. Therefore, although the nesh screen or the |ike
reduces t he gas flow through radially extending sl ot '
does not 3#?%%??9ely restrict the gas flow through 35 ne?giéﬁgﬁggé hol e
184 which is smaller than slot 312. ghus, primary air flowis
i ndependent of the cross- sectional wdth of netering dose plate 180.
Furt her, £i¥0chtb38dA8inuous counter ring 5S90. Both counter

PCT/ US97/ 01562 . : 37 re des mesh
powder retai ner 196 gfon%?grg °d%§% IOtatﬁ%I%niﬁg %%Fr%uué%?aﬁﬁfﬁégz

through net er ed§63@iksPRE counyey ring 620 andstBeowwrher FIY <O, which is
an al ternative continastedestiitedl rihg 990 o886 EHtaDigimhéht Hbr Sl Ot 312 in

i vorgi ng. Ganndh PV, CareRR wERERF 50" PR SRS Nordny, B Sect fonal
area at the corgesponasf tg| the Jnomben HES¥hde greater than four tines :
Pawl assembly 640 is then positioned on top
circular wall 202 of base 200 in surrounding relation
to cylindrical boss 216 and between stub walls 221 and
10 223, with pawl 654 being biased into engagement with
gear tooth 604 in alignment with the number "5" and the
gear tooth €30 in alignment with the number "5", that
is, in alignment with the number "S55". It will be
appreciated that first and second rotation prevention
15 spring detents 224 and 232 are in alignment with gear
tooth 606 corresponding to number "0" and with the gearxr
tooth €30 corresponding to the number "19".
Thereafter, lower spring retainer 260 is
positioned on boss 216 in surrounding relation to
20 retaining post 218, with narrow driven ear 270 in
alignment with the number "159" on rings 590 and 620.
In such case, pawl driving end 276 thereof is in
abutment with flange 648 of pawl assembly 640. Coil
spring 290 is then seated on disc 262 of lower spring
" 25 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 positioned through central
3o circular hole 310 of support plate 300 and over
retaining post 218 of base 200, with bar 190 and slot
222 in alignment. 1In such case, metered dose hole 184
is in alignment with radially extending slot 312 of
support plate 300.
as Then, reservoir body 22, having reservoir plug 90
assembled therewith, is inserted over metering dose
plate 180, support plate 300, coil spring 290 and lower



10 the air flow cross-sectional area of netered dose hole 184.

It will be appreciated fromthe above description that netering dose
plate 180 is held stationary on base 200, due to bar 190 and sl ot 222.
Further, powggsssb24s housing 20, conprised of reservoir bodscigseroesser Voi r
plug 100 and driving body 120, is rotatably nounted with respect to
base 200 and netering dose plate 180. 63 In addition, support plate
300 is biased into engagenent with the | ower surface of nmet eri ng dose
20 plate 180 sPURPAXS PIB58r 260 nesyghethat marrow RAriNgmpears 270, anda| | y

extending sl ot 313be FithwdkhifinRarrvwt Brive sIbt e:e.d acimsaufaaze ék@:’ireﬁn' y

when netered dose hol 84 a nmen ventur| U|t 64.
Thus, any powa%g% h?ﬂan‘gi‘g ﬁthg "h%?’é ‘%%’Zl P&d 25
dose hol e 184 is zraexyoixl bgdwed?.wi Ih mqhwaSteomturl con@niuts 64 is

sandwi ched i ns metsy %;@%&enbot&:ﬁ%e’e&raasaose hop@vmf r%raldwerl%@ and
t he upper surface of ate 300 at Jts.lo end

and- by the | ower é%&ﬁrF§8ea8?thPﬁr€fr€ﬁ$3f 9113 Gt 328 8, b plug
90 30 at its umlacesh@verAthei aboke dasgmb?s:eobua:h grhatt evlot 326det ai |

hereinafter, in tdqa ¥ ad Qﬁ hﬁ]ﬁgﬁh!ﬁtpgftﬁ'l%lst 214 Qif Balger 9popowder dose

di spenser 10 nmet.es ed do%% 184 1s prined, I S p03|t|oned
di ametrical |y opfttaRtes 320 95 FBﬁPaPF?séﬁ? gf%ﬁ%i %?R? arn
position, 3510 pidericdaset RD0 spépseintiosaninl &r rbove [324d dfet ween

the upper surfaceqfpedyS82892 R éHEQC’EimQ' ot &1 BUbANMY 290 slghe | over

surface of thin C|rcular Iate 92
compresse the number "199" appears through window 330

of adapter 320, and recesses 340 and 342 of adapter 320
are in alignment with drive slots 34 and 36,
15 respectively, of reservoir body 22.
Thereafter, powder supply conduit 60 is filled
through the upper open end thereof. Then, driving body
120, with nozzle 380 and mouthpiece 440 thereon, is £it
over reservoir body 22, such that circular plug conduit
20 144 of driving body 120 plugs the upper open end of
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 gkirt section 128 of
25 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 1BD 80 as to prime metered powder
30 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.
When a user desires to inhale a dosage of the
powder 62, closure cap 520 is unthreaded and removed,
35 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
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38 reservoir plug 90, and therefore cannot escape netered dose
hol e 184. In order to positively hold all of the above

el ements Leaakbas, netered powder dose dispenser 10 5  deinis9ngisizc! udes
an adapter 320, as shown in Figs. 3, 4 and 40-45. As shown therein,
adapter 320 includes a | ower annul arggal | 322 having an inner dianeter
| ar ger than the outer dianmeter of |ower annular skirt section 30

of reservoir batatedenes incrementy Wherebyr tbeenext Cnurig i"198r disanet er

of | ower annul &; giflldyed’ ZHroudhS Yindow SBbINT Wiheh AATE 260 b el nAYLET

di amret er of annul ar skirt" 204 of base 200 sg as to fit thereover, but
slightly |ess ufedyufoseytmetdrgoralnhdk Pt intermittantng rim 210 of
base 200. 15 countéer ximg #20gabare AFdinst§ dosage alimiter adr 336 | ower

end of |owyy awlﬁaﬁ%ug 3%%2fﬁzb%h¥ gg]glgggger%?a%@y de | ower edge

t hereof. Accordin ) eto res] he plastic pieces,
when adapt er (ignsing. Accordingly, the numbers will not continue
from "00" to "199T.
Having described specific preferred embodiments of
the invention with reference to the accompanying
10 drawings, it will be appreciated that the present
invention is not limited to those precise embodiments
and that various changes and modifications can be
effected therein by one of ordinary skill in the art
without departing from the scope or spirit of the

15 invention as defined by the appended claims.




in 200 and pushed down thereon, 20 retaining rim210 of
bagmugﬂllm H‘lmﬂ annul ar groove 324 to hold adapter 320 on base
200+ At such tifme} annul ar teeth 211 can engage the inner surface of

| ower [ yssafaaval | 322, as shown in Fig. 4. PoT/USEIMIS6R O
obtain and maintain correct alignnment 25 between adapter 320 and base 200,
adapter 320 is provided with a snmall sé®t 326 within groove 324. Sl ot
326 has a width substantially equal to that of small post 214 in base
200 so as to rec™HAT IS CLAIMEDhEEI n. Of course, it will be

appreci ated that post 214 can be 30 provided in adapter 320 and sl ot 326
can be provided in reversal of parts. Thus,

: baeazga that is. with.ar .
rotation of adaptier 35098§§§Es h§EENS6Y F£E"PHERIRS* t herewi t h.
The outer surface of Isuppiyameahar fol hod@2ngsa3supplyefef apbwderesd/i ded with
a gripping surfagmrdedahorBEHe qispB¥seBYUl ations, knurling or the like, to
enﬂance the mga%?é%%i%étion conduit exteng‘ in a first
PCF/ US97/ 01562 ot
5 direction and positioned in displaced relation to said
supply wmeans;
means for carrying a predetermined amount of said
powdered material from said supply means to said
inhalation conduit; and

10 a nozzle for reducing particle sizes of
agglomerates of powdered material from the inhalation
conduit to form micronized powdered material and for
mixing said micronized powdered material with suction
air, said nozzle including:

15 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, said cavity means being defined
by a top wall and a skirt connected to a periphery of

20 said top wall, said top wall having an copening therein;

swirl means for substantially continuously
changing the direction of flow of said powder in said
. second direction in said cavity means; and
chimney means extending from said top wall in

25 surrounding relation to said opening for changing the
direction of flow of said powder from said second
direction of said cavity means substantially back to
said first direction, said chimney means extending
along an axial direction thereof and including an inner

30 tubular wall surface having irregularities extending in
said axial direction.

2. The powder dispenser according to claim 1, wherein
said irregularities are formed by a plurality of flutes
en said inner tubular wall surface.
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ﬁ“&“ﬂu Eﬂ on of metered powder dose di spenser 10. A
329 is formed in | ower annul ar wall 322,
sub§t

tiall% Jlanetrlcally opposite 5 to slot 326, and substantially

central | wod-Rpsst he hei ght of |ower annular wal |l 3%rnsdonised 329 is
formed by a large inner opening portion 329a and a conti guous outer
openi ng portion 329b of smaller di ggnsions, so as to forma
rectangul ar shoul der 329c. 10 A rectangul ar transparent plastic w ndow 330
is fixed 3in OPhei pawddd dimpenssudescrdiagt tal chabdo, pehérein

330a whi ch flgglanfwﬁﬁbgugggrféygég'ﬂypenlng portion 329b and a large

i nner securing portion 3 Ob qg er di nengions that fits within

| arge i nner openi n% SoQcaYes Wedt c 82FE1PBEt angul ar
shoul der 329cexkyending 1nenﬂnﬁﬂauiabmduﬁamg1@h bhd hakéng\Vndare 38P is used

W th st he CE&.‘P&@ M@é%d‘g&t e, :g'fgx' Fa8n %@é%bb d blia axsfater

det ai | herelnaft I'nc udes an upper annul ar
wal | 20 SSZdeeﬁF}%%séﬂ“H|aneter t han | ower annular wall 322, and

connected to the UPPSTuIG Y JOWRcond wadl wektkions eﬁiénh;ln@n:.ﬂut er

annul ar shoul jgsi [ 8 ormed on the
I nner suggace o%a;iijreﬁﬁﬁﬂﬁﬁ%ﬁaﬂgqﬁg§§% g%nédaaia fggﬁéls 25
pushed down sBCRSAY® ¥ 5RfHIQN5 320 onto base 200, as described
above, annul ar biasing |ip 338 seats on outer annul ar shoul der 32 of

the Torce of doi| TR poglfls Rispenend 3RER-HE88" (B! 18382 T ash@li 00! 1!
conpr essed said second wall sections are of a concave
configuration having an arc of a second radius in a
direction transverse to said axial direction, said
5 second radius being greater than said first radius.

5. The powder dispenser according to claim 1, wherein
said top wall has a circular shape and said opening is
centrally located in said top wall, and said swirl
means includes a curved wall extending from said

5 opening to said skirt.

6. The powder dispenser according to claim 5, wherein
said curved wall extends in a substantially spiral
. manner.

7. The powder dispenser according to claim 5, wherein
said curved wall is connected with said top wall.

8. The powder dispenser according to claim 1, wherein
said chimney means has a central axis and said
inhalation conduit has a central axis parallel to and
offset from the central axis of said chimney means.

S. A powder dispenser comprising:
powder housing means for holding a supply of
powdered material to be dispensed, said powder housing

Thls Sheet Has Been R
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ng force always forces support plate 300 into
abul“ﬁﬂl"lﬂﬂ“”ﬂlﬂmng dose plate 180, and al ways forces netering dose
platé 180 i nt"o dbutnent with reservoir plug 90. However, such biasing
action stilwoowssmapernmts rotation of reservoir body 22 relrarross7hB6135
adapter 320 and netering dose plate 180. At the sane tinme, this
conpressi on ensures that driven ears B and 306 will always be

| ocated within WO 97/ 30743
PCT/ US97/ 01562 ™eans including an inhalation conglyit extepfing ot 34 and

driven ears 272 theré&ffrough i veaySirst dimdnmi,edmvdubpmade&ve sl ot 36,
so that rotation Qiat:.on &?sﬂ;fgloé%é%upp r&@u&gﬁggﬁgquggidr otation

of | ower spring retailner Because
net eri ng dose plBPEIaBARFUSIRG neans | Rl base 200, due to bar 190

and slot 222, powder housmg:eservo’a&-(kmﬂwrzlxﬂﬂdzdiﬁzgreaédvshppbpd:yfﬂ
eservolr bl U0 SBowdered bl id i Gt ke Yrnd 3l %aeltetgﬁaer 260 and

support pl ate 300, are rotatably nount e ase 200
metering do¥B plate 180 arfl Hiaping bpddy, secured to said reservoir body

for driving said reservoir body in a rotational
direction, said driving body including a plurality of
recesses in an upper portion thereof;
metering plate means for holding a metered amount
is 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 positionable below said supply of
powdered material, and said metering plate means and
20 said powder housing means being xrelatively bi-
directiocnally 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
25 said inhalation conduit;
' 8pring means for biasing said metering plate means
and said powder housing means toward each other; and
- nozzle means mounted to said driving body for
receiving said metered amount of said powdered matexial
30 through said inhalation conduit, said nozzle means
including rib means welded in said recesses of said
driving body.

10. A powder dispenser according to claim 9, wherein
said driving body has a top wall, and said recesses are
arranged along a peripheral portion of said top wall.

11. A powder dispenser according to claim 10, wherein
Baid top wall has a circular configuration, and said

mwﬂksBamRwaai
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I n “m“?@llﬂn“mjﬁ dition discussed above, the- | oner edge of |ower
annUfEre! S Jotion 128 of driving body 120 rests and rotates on the

upper edge of" upper annular wall 332 of adapter 320. In order to 15

provi de aiygdnagwst hrough nmetered dose hol e 184 of mepEfrbsnrise Pl ate
180, two dianetrically opposite recesses 340 and 342 are fornmed in

upper annul ar wal | 332, extending fé®mthe upper edge of upper annul ar
wal | to annular biasing lip 338. Recess 340 has a 20 w dth identical to
the width of decrsssiBoBrg4aryanged alongecaccomman fixcle winltdaidientical to

the width of drMheral pbotisR- o¥BRigetLreE14PSEoPph£1184 is aligned with
venturi conduit 64 of reservoir body 22 and with radi al | y extendi ng

slot 312 of support plate 300, 25 recess 340 is in alignnent with drive
slot 34 and 12. r &cpowd8zd2dispenseri gorerding tto deladm s otwiidrein
Accordingly, SiChieddtOBn¥ePEUbhi 0PEMERsEd EQLSRSs %dr a di through
recess 340 an dE%%F glgt §4 ané t%rou h red%ss r43 gﬁﬁfﬁﬁééﬁg sl ot 36,
and then thro:}@ﬁ‘ thag anprher,pE 871 LroEs2aS, FHPA JR hole 184
and vent meianso hdwet 161gtbhs dedbrrvespondingt ©o exespect fe ones pefivder 62

in metered dosyskoh@ce8dest 0 @ user of di spenser 10. I n
addition, tw dianetrically opposite recesses 35 344 and 346 are forned

i n upper annular wall 332, extending fromthe upper edge of upper
annul ar wall ti@. A pawfesi fispenseghitgonding tmnelaim b8 aswhexdinp 338.

said rid means and said driving body are made from a
plastic material, and said rib means are ultrasonically
welded in said recesseés of said driving body such that

5 the plastic material of said rib means is fused into
the plastic material of said recesses.

14. A powder dispenser comprising:
powder housing means for holding a supply of

powdered material to be dispensed, said powder housing
means including an inhalation conduit extending

5 therethrough in a first direction, in displaced
relation to said supply of powdered material, said
powder housing means including:

a reservoir body including said supply of

powdered material and said inhalation conduit, and

10 a driving body secured to said reservoir body
for driving said reservoir body in a rotational
direction, said driving body including at least one
driving recess with a spring finger in each driving
recess;

15 metering plate wmeans 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 positionable below said supply of

20 powdered material, and said metering plate means and
said powder housing means being relatively bi-
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X\? ﬁmmmﬂﬂwuumnw4 and 346 are shall ower than Fgégggg/ g411(5)62 and 342,

and areforiefted td be 90 degrees offset from recesses 340 and 342
such t hat gf& g3 340- 346 are equi angul arly arr angedp@Rosizougper
annul ar wal 32. 5 As will be made apparent fromthe di scussion

herei nafter, recesses 344 and 346 are inteffed to recei ve spring

fingers 163 and 165 to.lock the .ass ly . i sption after the cap has
been renoved. élrecgl%q(‘g%orm%talstrﬁrﬁeex["&%‘ \583%%? H:gga §,°$el%%5$ses 340,
10 342, 344 andbGut aactmicy centrali dxish@octhati said metered \dnse345
toward the insi dgossl héess LA WY pidted in AVIROSBmhRhidELIh W || becone
appar ent hegginaft mtrack 352 js forned on

C . A doubl | i |
- SAPTSEELTRLY, JHhR HAAH AURRIY O5apowpREes BaceEiak oF o

t he ou

whi ch will beconsadgpimkalatyamadredwddscription which follows. As is
apparent, the walls 353riMatndHdNfor bideUble a2k faketias o Rble o
substantially square Ccross-sectjion, thé %urgoae for mqéch‘wnll becone
appar ent from t hePdi §2i P MAYRIAL meRne, truapd eash otherihe cap.

Further, the entry 35intadagmedr qeom-{xcaatably mounted with respect to
30 said metering plate means, said adapter including at
least one locking recess for receiving said at least
one spring finger therein to prevent rotation of said
powder housing means relative to said adapter and said
metering plate means; and
35 closure cap means for covering said powder housing
means and for priming said powder dispenser for use,
said closure cap means including priming means for
rotating said powder housing means such that said
inhalation conduit is in communication with said
40 mwetered 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 when said closure cap
45 means is secured in covering relation to said powder
. housing means, said priming means including at least
one priming rib for biasing said at least one spring
finger out of said at least one locking recess of said
adapter to enable rotation of said powder housing means
50 relative to said metering plate means and for engaging
with said at least one driving recess to rotate said
- powder housing means relative to said metering plate
means.

15. The powder dispenser according to claim 14,
wherein said driving body includee two diametrically
opposite spring fingers, said adapter includes two
diametrically opposite locking recesses and maid cap
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352 uﬂn ﬂﬂﬁn" rtical drop zone before rotation can begin, thus
ensu Eﬂuruuﬁistry of the cl osure cap and thereby, accurate
oper at’i of of ™ ¢ di*spenser 10, as shown best in Figs. 40, 89B and 89C. 25

Lastly, tQg nost walls 353 have a conmon Iomermwﬁnﬁyﬂﬁﬁﬁe t hat
extends in a horizontal plane, and together wth outer annular

shoul der 334, form an annul ar groove7855 t herebetween for seating an
0-ring 357 therein.. Such 0Q-ring. 357 prqvides,a por seal. 30

I'n order to endtfiaPq HACIUASS,ARydeass two d&@%ﬁﬁ*‘éﬂﬁ’ét‘&?‘%ﬁ?&*pr operly

m xed with the picting xibs . fromthe open upper end of upper venturi
condui t section 68 of venturi conduit 64, a swirl nozzle 380, as

shown in Figs. 46-50. is mounted to the upper end of 35 reservoir body
22, Air which Yont 0% Paydesispeaser acEoRdaRgpkPtFIA® ¥.ons from upper

venturi condui twhereirs eadho prithingt &ibhénslubesnar zhppedvbrdnghiptadtion -
X\? 97/30743 and a lower ramp portion which meeE qé "ﬁ'??:(maiate
projecting portion and reduce in thickness as they move
5 away from said projecting portion, such that said upper
ramp portion initially biases said at least one spring
finger out of said at least one locking recess during
removal of said closure cap means from said covering
relation and said lower ramp portion initially biases
10 said at least one spring finger out of said at least
one locking recess during securement of said closure
cap means to said covering relation.

17. The powder dispenser according to claim 16,
wherein each said spring finger includes a depression
which receives said projecting portion when said
closure cap means is fully secured in said covering

5 relation.

18. The powder dispenser according to claim 14,
wherein said driving body includes two diametrically
opposite driving recesses and two spring fingers
extending within said two driving recesses in an

s unbiased condition.

19. A powder dispenser comprising:

powder housing means for holding a supply of
powdered material to be dispensed, said powder housing
means including an inhalation conduit extending

5 therethrough in a first direction, in displaced

relation to said supply of powdered material;

metering plate means for holding a metered amount
of said powdered material, said metering plate means
including metered dose hole means for holding said
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ot RSN Cec™= cr et ot op vt 1 582" " an ananni ar i de

wal | 884 ext efdi hg Hownwardly from 5 the periphery of top wall 382.

Annul ar si dg@owaher4884 has an outer dianeter substanti alHCr/Esgwaise2o t he
out er di anet er of upper annular skirt section 126 of driving body
120. Further, the inner connecting regi on 386 between circul ar top wall

382 and annul ar side |1 384 10_ is,curve to prOV|de a smoj h transition
Uher ebet woert® | MERATERCPBEYAE oOF B6HAcPIWaREE? (PRt Tt et 1P g
62. I n other worgdatehmeanscbeangapdeitienable dhelow said supgdlywafi 382,

annul ar si de Wa'bo%%éréadmhﬂaﬁial aﬁ@ngﬁfé'ﬁﬁkéfihé”bfgﬁé'ﬁ?id% %&ﬂ?“hat
partial toroidal conflgggatl The out er ecléégi_reglon 390
n

t her ebet ween, hoﬁ@&grp°F8F 8“56B§t@ﬁ??%]??‘?$ ati > in
cross-secti on bedisecticnslliyr rovptanle d8th respentitpnaach'Qﬁhae'malI 384.

| norder 10 13eCULBoRY bl cBihEhCodHlr ANt el Dol DL 26hi P ibtdlrell iddiga0 DOy
120, and parti cul arI y, onto annul ar ret ai ni ncg o8 159 of driving body
r @ﬁ*ﬁ

120, four spi kedhole meguszgan bgsplagad g Bhut 16353 1y or med
ext endi ng down f seldecitdviedyewiedgeadd supplproliplevderdd mate’84l Sy ked

ri bs 392, 393, 394 n fe 25 distances which are different
¥ 3@W&n§%§a€§gﬁ doRaaYel

fron1each ot her corres ond | denti éE¥ mnth t he arcuate
di st ances of ar c FREePPEERRE T ?ESB?QSEHﬁ ?%E% t8 MEANG
body 120 so 2that and slaidoprivde88Bousing seadhe dtaward each mtéxée:t;er m ned

position with drivingaRod4aleQr h8h-rotatably mounted with respect to
said metering plate means, said adapter including at
least one helical cam track having a substantially
square cross-sectional configuration; and
25 closure cap means for covering said powder housing
means and for priming said powder dispenser for use,
Baid closure cap means including priming means for
rotating said powder housing means such that said
inhalation conduit is in communication with said
30 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 when said closure cap
35 means is secured in covering relation to said powder
housing means, said closure cap means including:
an annular skirt having an inner surface, and
at least one cam formed on a lower portion of
the inner surface of annular skirt for riding within
40 Baid at least one helical cam track.

20. The powder dispenser according to claim 19,
wherein each said cam track includes an entry portiocn
defining a vertical drop zone in which said at least
one cam engages prior to permitting helical movement of
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I bs 392 and 394 can extend for an arcuate
di stmm“ﬁﬂuum spiked rib 393 for an arcuat e di stance of 40
degrets;*® ard §p|Red*r|b 396 for an arcuate di stance of 44 degrees.
Spi ked ri Rgo #5743 393, 394 and 396 extend al ong a conp@RusHhidee havi ng
a 35 dianmeter equal to the common circle around which recesses
158a- 158d extend. Thus, spiked ribs 392, 333, 394 and 396 extend
\gCEI'IhIUgQ;/egi ZSS 15<?aat1§.east one cam wg.aun7g§,1d ak least MR i vely, with

a two degree adjxagkent clearance. Preferably, each spiked rib 393,
-393, 394 and 396 has a tapered end with a substantially triangul ar
cross-secti onal confuguratlon rlnggan i nhal ati on process,

swirl nozzle 38 e po ﬁ’&lﬁ‘PﬁBP&EeafﬂPgé gebP 1 3Rcured thereto
m ght det aﬂiefemnuham agebasy daGdahdllbeal\wadth oveebks and ther ef ore,
in order to fixedy Sfedire swirl nozzle 380 onto driving body 120, an
ul trasoni ¢ wel di ng operation 10 is perforned. Specifically, ultrasonic
energy is

22. In a powder dispenser including:

powder housing means for holding a supply of
powdered material to be dispensed, said powder housing
means including an inhalation conduit extending
S therethrough in a first direction, in displaced
relation to said supply of powdered material;
metering plate means for holding a metered amount
of said powdered material, said metering plate means
including metered dose hole means for holding said
10 metered amcunt of said powdered material, said metering
plate means being poeitionable 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
15 about a common central axis so that said metered dose
hole means can be placed in fluid communication
gselectively with said supply of powdered material or
said inhalation conduit;
gas permeable retainer means for retaining a dose
20 of said powdered material in said metered dose hole
means, said retainer means being positioned below said
metered dose hole means; and
spring means for biasing said metering plate means
and said powder housing means toward each other;
25 the improvement comprising:
said metering plate means having an underside
with ribs thereon;
said retainer means being positioned in
overlying relation to the underside of said metering
30 plate means and to said ribs thereon; and
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d.rﬂmwmgw,ﬂnmu d ribs 392, 393, 394 and 396. In such case, the
spi pllL of ribs 392, 393, 394 and 396 function as energy
di rectors whi ch absorb greater amounts of energy. As a result, the
plastic 15 wowsmpial of spiked ribs 392, 393, 394 and 396 Per/USEH®IsE2

into the plastic material of recesses 158a-158d to secure swirl nozzle
380 on driving body 120, as shown in Fi7§. 50B. Wth this arrangenent,
there is a uniform energy.that is applied_faqr securing swir|_nozzle
380, 20 and an automatic f XeAIREN being welfgAnte ed ribs
securing operati oeuchcthavi sgid ribvsiaterfused iaitlo said rebesner means. It
w Il be appreciated that, in such position, first and second outer air
passages 150 and 152 extend 25 i nwardly of annular side wall 384 to
supply secondary 23- ZP¢ PPEIRY ISRYPERT AFAsIBs,tencLRd®a?2/ ponder

m xture from vent wvheredndsaid Getddmdr imeariss dss fipymeddby a maveti®l i nterior
of annul ar side | [ I 8 a
openi ng 402, 30 V\@%%aggé%u%f)?‘i} the r‘ﬁégy\{é v sslts%g'rn%g%q% %ﬁ?ﬁ%ﬁ“ﬁ%‘%faee
of circular top wiilteB4 armesh eRFRRMg 3 HQRAYsH magerial weshrapd dpeni ng

402. 5 | npaerdefated bpratke gl ddtentpowder aggl oner at es, prior to

suppl yi ng the sane through supply chi mey 404, 35 a curved spiral-like

wal | 406 extends downwardly from _ circular top wall 382 and is

connected at one @fd 4BBe Powdep GiFRARFESARCAFAINTILL. cLpiw| 2Zcal |y,

curved wal | wherein said retainer means is ultrasonically welded to
said ribs.

25. The powder dispenser according to claim 22,
wherein said ribs are formed in a plurality of spaced
apart, concentric circles.

26. The powder dispenser according to claim 22,
wherein each rib has a substantially triangular cross-
secticnal configuration.

27. A method of forming a metering plate and a gas
permeable retainer thereon, for use in a powder
dispenser, comprising the steps of: _
positioning the gas permeable retainer at a
s predetermined positioh in a first mold half used for
injection molding said metering plate;
positioning a second mold half adjacent said
first mold half to form a molding chamber therebetween
used for injection molding said metering plate, said
10 second mold half having a through opening therein in
alignment with said retainer at said predetermined
position in said first mold half;
ingerting a core pin through said through
opening in said second mold half into engagement with
15 said retainer to hold the retainer in position against




V\D %mmmllwllllluml I n a curvilinear manner frompgrl;{:lué?(g)g/ Oiﬁgz

partlally &bolit tentral opening 402 to an opposite end 410. Thus, a
gap 409 i swyBlhesdgdsd between end 410 and t he remai nderpcafrussvpisgsl wal |
406. The height of curved 5 wall 406 is e uaI to that of annul ar side wall
384 so that the | ower edge of curved 406 sits on circul ar

Cop Va1 122'of ad ol RN AL RSRESpRE  cch B o

effectively for®edd moldedsmetrrang pdatepaapdy, a first section starting
from fend ;110 igg ext Qﬁsleaalﬁgriplabtﬂcaaatlérf@miﬂoOé@mQﬁbﬁaﬁ%gfgf f
exanpl e, for nd section exte rom e end o
the first secti Sk’#gnggiﬁgggl Sgggﬁafﬁr §8r mjec?’a‘?ﬁl& ot &P tf?%“‘fl rst
section. Wath r &sddcmetering platedwitbt Bakdometered altas hale fandenter of
\éenturl f COWi‘th’E s84d EEQaiﬁéQnﬂeiﬁgt beBupesl €6 ady M&éwfd@roft v 15
i sengages from ce ra mat el y
paral lel to sucff g eF?ﬂg platd’ ?895 Fﬁéggdfei$ﬁ9?ﬁzﬁ§) %ém nozzl e

380. metered dose hole

28. The method of claim 27, wherein said molded
metering plate has a shallow recess formed at the
underside thereof in surrounding relation to the
metered dose hole, and said powder retainer has

5 dimensions greater than said metered dose hole to
completely cover said metered dose hole and less than
said shallow recess so as to be secured to said
metering plate in said shallow recess.

29. A powder dispenser comprising:
powder housing means for holding a supply of
powdered material to be dispensed, said powder housing
means including an inhalation conduit extending
5 therethrough in a first direction, in displaced
relation to said supply of powdered material;
metering plate means for holding a metered amount
of said powdered material, said metering plate means
including metered dose hole means for holding said
10 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 bi- .
directionally rotatable with respect to each other
15 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;
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Iw lmﬂmmmmﬂl appreci ated, curved wall 406 defines a swirl
caV| “ t he powder from venturi conduit 64 enters swrl
caV|ty £12%anli cbnt’i nuously changes direction as it increases in

vel ocity, prik@b7i0943 entering supply chimey 404. Thus, pofupewdssz 25
aggl onerates constantly inpact against circular top wal I 382, annul ar
side wall 384 and curved wall 406 withi’® swirl cavity 412. Further

t he aggl oner at es collide th ch .ot her nut ua
grinding or shattering Bction: %&1} e% ri?? SE0T \g%é‘ af“ggggéﬁa B\?aEﬁ 53%
time, second2Pfy aandfsaidipewder rhpusing meanss sgowaddogach akhepassages 150
and 152 enters swirl a pagdaieingah a%éidl'l@* @&E&ﬁd@ﬁgai-{aﬁ%nﬂﬁé POs 416,

t ly, t | t f t
ui 1T cavi1y 412 € aﬁ%%e%%ﬁg?#&”gf% ek %Mmsmﬁgﬂaﬁ%ﬁﬁiﬁon

the wal I's defini ngosnected witk adid met2xingsplake mgghspyeandles to break up

07/ S07a3 |0 200 PEMERLed RSP ATeatiBly” Roinelt ob B8 baze in VO
45 25 surrounding relation to said retaining post, 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
30 means, said counter wmeans including:
counter ring means for providing said visual
count, said counter ring means being rotatable about
said common central axis and baving counting indicia
thereon for displaying said visual count, said counter
35 ring means including:

a continuous counter ring having
counting indicia thereon and gear- teeth formed
therearocund on an inner surface thereof, and

an intermittent counter ring coaxially

40 mounted with said continuous counter ring and having
counting indicia thereon and gear teeth formed
therearound on an inner surface thereof, .

- display means through which one of said
counting indicia from said counter ring means is

45 displayed to indicate a count corresponding to a number
of doses of powdered material that have been dispensed
or remain to be dispensed; and

actuating means for incrementally rotating
said counter ring means in reéponse to said relative

50 rotation between said metering plate means and said
powder housing means, said actuating means including
pawl means engaging with said gear teeth of said
continuous counter ring and said intermittent counter
ring for rotating said continuous counter ring one

55 increment each time that a dose of the powdered
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t he LWHI"#HUEMr‘ELeS travel with sufficient velocity, there wll be
suf f L ergy to break up the aggl oner at es.

Further, rather than providing a nerely helical 5 path along the axi al

direction pf 9,3';1,Q;zl e, as in the prior art, curved WattndSRiaid.
partlcularly, swirl cavity 412, first changes the direction of powder
62 froman axial direction of venturi?zéconduit 64 to a transver se

direction substanti al | rpendi cular to the 10 axial direction. In this
transverse dlre@?Feﬁlagomﬂ ispense o difpdayepsthes esatPhiueatdy change

direction in couhhﬁngr aﬂayeiéeosiléaerd | Sht3nusis’ bo&ﬁté&yrﬂﬁg Upon

exiting swrl c 1 {£gtion of ai n changed
to an axi al d|r ﬁﬁ ﬁ % ?ﬁ;ﬂﬁi?‘«n#ﬁﬁﬁ%? ERtamh“?e %?alnlng a
SWrl conponentlﬁternéttent ¢¢unmexrnﬁngspnqmmuagegnntlenngpural|y t hr ough -

chi mey 60 40@re8bﬂ§£miﬁ€dﬁhﬁﬁ$@%Z&E’ﬁﬁﬁﬁﬁibn%ﬂdiﬁ&&eﬁEHanbﬂgsald _
aggl oner at es nahg%gln the swir|

412, the swirli FBRP&ﬁpF?%@t%% t#% QXiaFSEES’ Sn?hQEH?%f hlzed
pomder and cpbn&ungngnéggianeteaaxﬂ intexmitgeatdcounhetr rﬁpmcts |n

supply chimey ¢f4o8ghagat@ aféﬁii%ﬁhﬁ&t helidOpaati Rdans 1né'Pu@:f.
remai ni ng aggl oner at es. onera rea should

|
take 25 place, however, in sw??l°?§ﬁﬁtﬂ?¥}1%aw%$§éaVeP8%?Fys“r ttai ned
by an agglGﬁeraadespeﬁugennsuhéa@Bag or suction force, the inertia of

t he aggl onerate, and the $e§5u11(ﬁhﬁ@gggllgamb1ueélgs Ahgingfe the tine
the drag f 91685 31,0t NG, A00" QUBLALL o BESUSS 0L b i NeELL
engagement within the gear teeth of one of said
continuous counter ring and said intermittent counter
70 ring, and
a pawl spring, integrally mclded as a
single piece with the inner surface of said outer wall,
for biasing said pawl into engagement with said gear
teeth of said continuous counter ring and said
75 intermittent counter ring, said pawl spring extending
along a generally radial direction.

30. The powder dispenser according to claim 29,
wherein said pawl spring has a generally L-shaped
configuration.

31. The powder dispenser according to claim 29,
wherein said pawl spring has a generally linear
confiquration and extends at an angle from the inner
surface of said outer wall.

32. The powder dispenser according to claim 289,
wherein said pawl spring has one end integrally molded
with an upper portion of said inner surface of said
outer wall.

0T
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|nven1|dn tchfmey * 404 is provided with vertically oriented grooves or
flutes 405 gyfAnRg4a9 along the inner wall thereof. 35 Fl utestsibepssavi de
nore surfaces agal nst which the aggl onerates can i npact agai nst.

Fl utes 405 are shown as being forned b975|x vertical concave wall
sections 9730743

SOy US7/ 01562 337 Hné pbider dispenser according to claim 23. .

radius, which ar ehenedncsaidcgearbyestk of sajdr epuhinuewe [SUIESY miag i ons
413 of a larger r3d Wyranged 3n eb%e%oﬁaéhe& wmtanaale%uM@l on, that

IS, infinite radi,us. Howeve he angenent can be
provided. It is ﬁg@ﬂépgbﬁgereon, ﬁB%eé@ga Fﬁﬁf gﬁﬁ?%v@f %?* ngenment is
provided, flu& es intemﬁ&&em: soungeleripgnarguazrangedrdnvertical ly

oriented, Ja@ﬁ%%e%@v wienagakgr eauhainyeihasaﬁ YeRéd&H ed
surface. Further as shown | utes 405 preferab
34. The powder dispenser according to claim 29,
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
5 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 of a depth equal to the depth of each said second
10 gear tooth of said continuous counter ring so that said
pawl 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
15 the dosing operations.

35. The powder dispenser according to claim 29,

. wherein said actuating means further includes pawl
driver means for incrementally rotating said pawl
means, said pawl driver means including a retainer

5 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

10 rxotational 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
pawl means to incrementally rotate said pawl means in a
second, opposite rotational direction at the end of
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10 1R Sl upper edge of chimey 404 to the upper edge of
cu[‘m RN gﬁﬂm Fhough the present invention Is not so limted.
Fl utesc

—"0

/]

Ob awd s n*he break-up of aggl onerates that require greater
de- aggl ongigfdsisenaaf orces to 15 disperse. Exper i penbsy7oesse shown
that fluted swirl nozzle 380 increases the respirable fraction over a
simlar swrl nozzle which is not, f?8ted. Specifically, for har d
aggl onerat es, such as those having a bul k density 20 in the range of 0.29
-70.36 g/ S t FOtadRens (it Paﬁézfpgamer Hpt faie fecend. (RRROULE

appr oxi mat el y ack@iomali dirleetion. fraction, while a fluted swirl nozzle
provi ded approximately a 35% respirable fraction. "Respirable
fraction" for purposes of these experinents is the 25 percentage of total
particles del i Bred Theopowderngispenser acpardifg teselaimedr equal to 6.8
mi cr omet erls | N whereit mﬂe&ndﬁﬁid]?EEén?ﬁe_dnﬂéanﬂ:aaﬁﬂﬂiiaﬁtm%dﬂﬁig d

i mpinger. Int ex ijyents, the tign.was . net.asope .an

| act ose aggl o %atsf?g'a ﬁhgpg&ﬁﬁgngﬁt Q%TE %#’éh{'ﬁ&a‘f"r% %ﬂ'n% 5B lwhen

In addition tosxchidispensezgdsonertieallyywpriented. nozzl e 380 nust neet

addi tional constraints. For exanpl e, the pressure drop through the
powder i nhal er should _desirably _be | ower.than about 20 inches of a 35
wat er col um (§7kpaf‘ngﬂgﬁéglngggérbéo %gﬁﬁéghﬁth | mpai r ed

respiratory functi oPowder bobsingemeppshfgh holding maupnlysiafi fi cant
prinmary air fl @ywdereddmaterdatdto be dispensed, said powder housing
means including an inhalation conduit extending
5 therethrough in a first direction, in displaced
relation to said supply of powdered material, said
powder housing means including:
a reserveoir body including said supply of
powdered material and said inhalation conduit, and
10 a driving body secured to said resexrvoir body
for driving said reservoir bedy in a rotatiomal
direction, said driving body including:
a plurality of recesses in an upper
portion thereof,
15 at least one driving recess in a lower
portion thereof, and _
a spring finger in each said driving
recess;
metering plate means for holding a metered amount
20 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 positionable below said supply of
powdered material, and said metering plate means and
25 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

———
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X\? TM“H“HE“’"MIM"}S4 The pressure drop throughpsc,:Im( 859322;;522 380 can

be cHanded'by" varyi*ng the angl e between end 410 and the position where
the first ambsewesnd sections of curved wall 406 neet PATERITALSE2 wher e
t he second section 5 | eaves central openggg 402, as shown in Fig. 47. In
a presently preferred enbodi nent, this"angle is about 165,

al t hough t hi ggval a&ﬁnﬁm&%@ﬁg 498 bBEering FEALL b SSSU e

dr op. Furt an annul ecurl S
formed on the uppB?V§ﬁ$f%RmPQﬁe¥ﬁ thtgﬁgﬁaf:gere"“'%z spaced slightly
inwardly fromthe per | pae rpdriRsideie retaﬁhelrem’eané\Sfarrﬁs&&inn@ alddsear

| edge 420 15 10T MBE gaia Olddied Mi¥leridh! 36008 4Chiclt Walie 382,
f sg ReEL L At

outwardly of annular flece securing wa an annular
lip 422 extends oﬂFQﬁFdlﬁa % ¥etainer meags,being BPFLtionednRHOWRMA end
of annular 35 moetepedcdosetclegrestsl adfiSin overlying Arclatiganred eet h

424 are provided ppetigadiPlfde of said metering plate means and to said
ribs thereon, said retainer means being welded to said
ribs such that said ribs are fused into said retainer
means;

40 spring means for biasing said metering plate means
and said powder housing means toward each other;
nozzle means, mounted to said driving body, for
reducing particle sizes of agglomerates of powdered
material from an inhalation conduit extending in a
45 first direction in a powder dispenser to form
micronized powdered material and for mixing said
micronized powdered material with suction air, said
nozzle means cowmprising:
cavity means for changing the direction of
50 flow of said powder from said first direction of said
inhalation conduit to a second direction different from
said first direction, said cavity means being defined
by a top wall and a skirt connected to a periphery of
- said top wall, said top wall having an opening therein,
55 swirl means for substantially continuously
changing the direction of flow of said powder in said
gsecond direction in said cavity means,
chimney means extending from said top wall in
surrounding relation to said opening for changing the
60 direction of flow of said powder from said second
direction of said cavity means substantially back to
said first direction, said chimney means extending
along an axial direction thereof and including an inner
tubular wall surface having irregularities extending in
65 said axial direction, and
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ecjge““ﬂﬂMlMllmmhpi ece securing wall 418. Although 20 forty gear
t eet pr esent invention is not so limted.

Final1y a‘l otatdr tab 426 is provided on the upper surface of
circular Gapeahis 382, along the inner surface of geperiesioised24,
dianetrically opposite the 25 | ocation of venturi conduit 64 in the final
assenbl ed condition of the inhaler. 80 A nnuthpiece 440, as
shown in Figs. 3, 4 and ., H5l-55 | cured top the u end of swirl
nozzl e 380, Nbuthpléﬁbbdﬂfﬁ?567ﬁ§¥§§é”béﬁ8rIqsqu ﬁ&u?&? top 30
wal | 442 with adravingabodyde wal | 444 dependlng downwardly fromthe
periphery of top Walbn4édapfief HGE-rotatdiofy ithintd? with 2e8B88EALLY
rectangul ar confl ration and because of e annul ar I guration of

si de wal | BELeFing (PlzkR BRanfn AR a&%‘lé@c&ﬁe“&% of 35
side wall 244 correspondlmg leasthoonepdhise wokes dor receliofngal | 442

sl ope upuardly Lgsa dhVELAOSLIEEpg 1Al heiATh B Brevlle |1 Po of 2

user of the devic ) ) .
PCT/ US97/ 01562 rotatlon of said powder housing means relative to said

adapter and said metering plate means, and
at least one helical cam track having a
75  substantially sguare cross-sectional configuration;
closure cap means for covering said powdexr housing
means and for priming said powder dispenser for use,
said closure cap means including:
priming means for rotating said powder
80 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
85 conduit is out of communication with said metered dose
hole means when said closure cap means is secured in
covering relation to said powder housing means, said
priming means including at least one priming rib for
biasing said at least one spring finger out of said at
90 least one locking recess of said adapter to enable
rotation of said powder housing means relative to said
metering plate means and for engaging with said at
least one driving recess to rotate said powder housing
means relative to said metering plate means,
95 an annular skirt having an inner surface, and
at least one cam formed on a lower portion of
the inner surface of annular skirt for riding within
said at least one helical cam track;
a base having an axially extending retaining post
100 thereon coaxial with said common axis and non-rotatably
connected with said metering plate means; and
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m on sides 446 and 448 during inhalation. O course,
SI n I' Al mﬂ)““ “th I's placed over nout hpi ece, the various edges
t her eof care rourtded A central opening 450 is centrally formed in
top S wall W&m@ﬂd an annul ar connecting tube 452 is fornedrussmoise2 t he

| ower surface of top wall 442 in surroundi nQB{{ID rel ation to openi ng 450.
zzl e

When nout hpi ece 440 is seat ed on swirl 380 connecting tube 452
recei ves the upper of su Iy C 404 WI rl_nozzle 380 10
herei m T spHBF R meaRE s LrRoet e Rouhed P et fosag dn

380, the |ower en@mogndonmarelanmnasoxudcm%aumng postanrfigrar shape.
At the inner Surf%&%v@.fiih I & bQ%&:}eadn_mt of Qhé'ﬂﬁﬂ@i'oﬂ%séé“%@da&d
formed an ar}.&tgrar V- haaﬁ 1%6 ?r jg@%&%&5}%l ch. extend |nvvardI)41 in the
¢ adi al ocBOSRSTO NAREELAD| BRAt HR7s DERR A apRIESh Qyhama

nozzl e 380 and pr &esddspensedhincoespanselte sajid axlatfive rotatiidn wfzz| e
380, due to res"ls%&aepe&awe pBl#ZhiCmeans & Eid Ml AP pihrshaped

proj ection 454, so tha gro ect | on 454 retal ns annul ar lip

422, and t heMeRSmpARAH EPBAYSD & RFlvding e 380. In such
position, t he | ower edge of coudtewaringineana sfan providimyllssarid edgmald?0 of

swirl nozzl §4380. count, sa:.dFHB'BHQ%r Hﬁg%ﬁ‘éaﬁnf’fbéiﬁfer&%aﬁl%e%&@o are
25 formed on the i,nnér surface o |anetr|§ai% £p05|te ,_ Sl des of
annul ar side wal | 5848 CPRERRR; GERFYaLLEXLS an %d? ”fS’rS’tﬁ"é"ct i on
454 and positi oned;hereon for displaying said visual count, sa:.d counter
ring means including:
a continuous counter ring having
115 counting indicia thereon and gear teeth formed
therearound on an inner surface thereof, and
an intermittent counter ring coaxially
mounted with said continuous counter ring and having

counting indicia thereon and gear teeth formed
120 therearound on an inner surface thereof,
display means through which one of said
counting indicia from said counter ring wmeans is
displayed to indicate a count corresponding to a number
of doses of powdered material that have been dispensed
125 or remain to be dispensed; and
actuating means for incrementally rotating
said counter ring means in response to said relative
rotation between said metering plate means and said
powder housing means, said actuating means including
i30 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
135 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

Sheet Has Been R laced

IHIIIII illlll llll III



ﬁSHEHﬂIIlﬁlﬂﬂllﬁﬂﬂl kllEe?ﬂ'a?iZ W th Swirl 30 nossle 380, gear teeth 460

engage Wi th géar teeth 424 to prevent relative rotation between
mout hpi ech, swirl nozzle 380. Ref ergéfigspkst © Fi gs.
56-63, a c osure cap 520 of nmet ered powder dose dispenser 10 1Is

provided as a 35 closure for nouthpi ece 820, and at the sane tine,
functions to prinme petered powder dose dis

pen
Spoci T cal |y, " CPORGARAGE Pohbat A tah SHFRIAY anothir gne o el
PCT/ US97/ 04662 counting indicia of said :mtemttéﬁt countet aniysd ed annul ar

covering wal l u y. %?tﬁ?’[ | 1
circular top vvg?%%\%ﬁméﬁi L mfhaer?r?gl'afsggcggﬁ% Q ixg% % | ar ger
di amet er than annul ar co®& |%’§%Mal§2?avﬁ-§gs§%u?'éﬁe¥OS‘E’FE"f%wer 5
end of annul ar andedn nnwveat |suxEade)r ough an annul ar frusto-coni cal

connector 528. The |ower end qf p%’ﬂ“' Q‘htegraﬁ?cﬁl&'iﬁgdsﬁré éﬁ@gies open.

Further, the inner
145 piece with the outer surface of said outer wall, for

engagement within the gear teeth of one of said
continuous counter ring and said intermittent counter
ring,

a pawl spring, integrally molded as a

150 single piece with the inner surface of said outer wall,

for biasing said pawl means intoc engagement with said
gear teeth .of said continuous counter ring and said
intermittent counter ring, said pawl spring extending
along a generally radial direction.

"



di ameter of |ower annular securing skirt 526 is slightly larger than
the outer dianmeter of upper 10 annular wall 332 of adapter 320 so as to

fit thereover. In order to secure closure cap 520 onto netered
powder dose WOSPBABEr 10, and particularly, in covering PCIY hﬂﬂzto
nout hpi ece 440, two helix cans 530 are formed in dianetrica

opposite relation on the inner 15 surfigge of | ower annul ar securlng skirt
526. Thus, when cl osure cap 520 is inserted over powder housing

20, swirl nozzle 380 and nout hpi ece 440, cans 530 of cl osure cap 520
initially vertically drop in entry 351 and then threadedly engage with
doubl e helical cam 20 track 352 of adapter 320, until the | ower edge of

| ower annul ar securing skirt 526 seats,on the ann

frusto-conical connecting section 334 of adfpter /A It is noted
that cans 530 and camtrack 352 are pr oViyd e ) conventiona
screw threads. This 25 is because, with conv It hr eads, cap
520 may be prematurely pulled off due to t t he
threads. As a result, netered powder dose y not be
operated correctly, that is, not turned a during primng

ack 352

i ant ages are
fieni ng of caplf520, ease of
rf t he rot affijonal positions

and delivery 30 t hereof. However, wth cans
having wal | s 353 of a square cross-sectiog

achi eved, including preventing prenmature 2
use, ensuring proper | ocation at all tines
of 35 the parts of dispenser 10, and ensuring
(descri bed hereinafter) is always correctly

hat the . count er



activated to always correctly change the dose count. WO 97/ 30743

PCT/ US97/ 01562 Thus, cap 520 can not engage with adapter 320 until
canms 530 are fully engaged in camtrack 352, as shown best in Figs.

89B and 89C. WOI30743 = 't i || be appreciated that the outerpcliesBiogss20f 5
| ower annul ar securing skirt 526 is sulgggantially i dentical with the
outer dianeter of |ower annular wall - 322 of adapter 320 to provide a
rel ative snoot h, conti nuous appearance. In order to aid in the renoval .
and cl osing of closure_gap520, the outer surface of 10 | ower annul ar

securing skirt 526 is with a gripping surface 532 fornmed by

undul ati ons, knurli ng] the like, to enhance the gripping and
rotating of cl osj ol 520. As di scussed above, closure cap
520 al so serves to 15/ prijhm nmetered powder dose di spenser 10 for use.
Specifically, a first}jpair’|g p&&ﬁllel, axially

| 24

FIG. 3



extendi ng, spaced apart primng ribs 534 are fornmed on t he inner

surface of closure cap 520, extending a small di stance down from
frusto-conical connector 528 onto 20 | ower annul ar securing skirt 526. A
second pai r w9303 parallel, axially extending, spaced apRGEY¥¥TRISEY ri bs
536 are also fornmed on the inner surfagm,of closure cap 520, extending
a small distance down from frusto-conical connector 528 onto | ower
annul ar 25 securing skirt 526, in dianmetrically opposite relation to
primng ribs 534. The primng ri each pair are spaced
apart by a distance slightly ' of driving recesses
164 and 166, respectivel Al dfor biasing spring 30
fingers 163 and 165 i nwardly, d al so, for engagi si des of driving
recesses 164 and 166 at riving body # As shown best in
Figs. 59 and 63, each of e primng ribs 53 d 536 has a | ower ranp
portion 535 and an upperiir orti 537 whi neet at an 35
i nternmedi ate projecting portifn t hi ckness as they
nove away from projecting porgion 539.
/520
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380 e
1582
120 144
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20 62
64 4 N1oo
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51 When closure cap 520 is renoved from netered powder dose
di spenser 10, netered dose hole 184 is in alignment with venturi
condui t 64, WQE3or i nhal ation by the user. Thus, di¥T&0PISe}) |
fully primed and 5 ready for inhalath9§1by a person. At such tinme, spring
fingers 163 and 165 are positioned in recesses 344 and 346 of adapter
320. Thus, dispenser 10 is | ocked in this position. The
operation of inserting closure cap 520 is 10 shown in Figs. 89A-89E and
Figs. 90A and 90E. After the inhal ati on operation, closure cap 520 is
positioned on t hédassenbly, as shown in Fig. 89A. At this tineg,

cans 530 are not engage&\' nn_cam s 352. Upon gn ZQrQSng of

cl osure cap 520, caps 6830 ff 4l hi )" t4fe 15 beginmsﬁa por{ti gns 8 c
tracks 352 and ca? ow/ erein, g sho I n} HLg. 892 Bgd
89C At this frre, i bs and 536 ergagehm i

spring fingers 163 and\ 369 4dtld hljEo ge siges of -~ ecesses
164 and 166. | n/8tke@MORESTaur 046 the initig { on,

| ower ranp portions ! | of| bt ilitng ribs 534 affg

portions of sp
of driving receggesy

ng T1N0eTS 463
E4 4.3 11 T
90A. As a resu|§ d| vi ng bodyy 120
to the closed p gT\ n, |
l
|
1
I

angg165 a bI!

7/
sho w@\,

"
R
&

N




as shown in Figs. 89D and 89E. During this tinme, cap 520 engages with
driving body 120, so that continued turning of cap 520 results in

turning of drjving body
rotated, it %X’n’g‘g"p
At the conpletion of the

spring fingers 163 and 165 and the

primng ribs 534 and

120 relative to adapter 320. As cap 520 is

ul ' ed down by cans 530 riding in cam tr @etfssheise

rotation, and ggﬁause of t he configuration of
npl ementary confi guration of
536, spring fingers 163 and 165 spring back into

a 35 | ocki ng position into mating e8@agenent with p9¢n1ng ribs 534
' lon, that is, with

and 536, 180[ er+wefifiset
spring fingerg 163 and }
PCT/ US97/ 0156
recesses 346 §
spring finger1
534 -and 536
344. In othef

$102n t hernhal ati on pos

Nm;gzlso743

FIG. 9 FIG. 10
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539 of primng ribs 534 and 536 are received wthin correspondi ng

concave portions of spring fingers 163 and 165, as shown best in Fig.
90B. It will be appreciated that when cap 520 is in the 10

fully cl osed¥®8%¥¥4on of Fig. 89E, spring fingers 163 BRAVER1562
returned to a free state, that is, a s e in which there is no stress
on spring fingers 163 and 165. This is provided so that over tine,
spring fingers 163 and 165 do not take a pernanent set or 15
deformation in a biased state, as with nost plastic materials. This
woul d be detrinental to the operation of the inhaler. The particul ar
shapes of spring fingers 163 and 165 and primng ribs 534 and 536 are
provided for this purpose. In addition, the | ead angle 20 Thus,
closing rotation of closure cap 520 causes the rotation of driving
body 120, and thereby of vent uri duit 64 relfgve to netered dose
hol e 184, to the stored p out of‘aflgnnent. Duri ng

this travel, powder 62 is ggpa se188 hole 184, so that
net ered powder dose di spenser pri med When the user is
ready to use netered powdef? I dispenser] gppsure cap 520 is

i ng such nov

vel s 345 on
5 to nove
as cap 520

unscrewed from adapt er 32
and 165 30 initially engage
whi ch cause spring fingers ¢53
to hinder rotation. Thereg
fingers 163 and 165 1@dai
whi ch

nt, spring fingers 163
ecesses 346 and 344
qepardly in order not
gins to rise, spring
NGl bs 534 and 536




35 push in spring fingers 163 and 165. |In other words, during the

I nitial opening operation, upper ranp portions 537 of primng ribs 534
and 536 engage upper WO 97/ 30743

PCT/ US97/ 01 98ps7/30743 53 pRAERY0I562 spr i ng
fingers 163 and 165 and bias the i@gge i nwardly of recesses 344 and
346. Accordingly, driving body 1 an rotate relative to adapter 320
to t he open position. 5 This results in opposite rotation of
driving body 120, and thereby of venturi conduit 64 relative to

met ered dose hole 184, to a position in alignnent. Thus, as soon as

cl osure cap 520 is renoved, netered dose holg 184, which is filled

w th powder 62, is in 10 alignnent130th1Q3ntug}/ nduit 64, and ready for

i nhal ation. There is thus no neef44 o kde any addi tional primng
and set-up operation after closur igsﬁennved.

Further, closure cap 520 1ié1cﬂﬁ4j

19 -
W \8
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i
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15 equi angul arly spaced protrusions 538 forned at the i nner surface

of covering wall 522, spaced a small di stance fromtop wall 524.
To protect powﬁgr”a% agai nst noi sture contam nati on, a desiccant
hol der 560 is hel y 20 protrusions 538 within closure capprcsyrsisss hown
in Fi gs. 64-66, desiccant hol der 560 includes a circular top wall
562 and an annul ar side wall 564 extend'?m down fromthe periphery
t hereof. An annul ar recess 566 is formed in the inner surface of
annul ar side wall 564 25 at the |lower end thereof for receiving a disc
(not shown) whi ch holds a desiccant, such as silica gel, t herein.
An annul ar rib 568 iﬁ-)4forrr§ on the outer surface of annul ar side wall
564. In this manner, §i q584t hol der 560 is jgaserted WI.H’Q n closure
cap 30 520. Due to il ience of the plastic yieces, annular rib
568 rides over ngéru 0 8, so that de [[/m}gma' is held
within closure c 52 dj acent top wal | S2EAFAIFTZP A oht
modi fication to desicggnt hol der 560 is sh@ Z//-/://///{‘- view 35
of Fig. 4. A} cou 12gchani sm 5801%68 Aled Pr cdunting
t he nunber of do t h3afle been di spensed or
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136

128
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54 i ndi cating the nunber of doses that remain to be di spensed,
so as to “ﬁrqgﬁbﬁnﬁ er of inpending powder depl etion. Many types of
mechani cal and electri cal counters are useful. A digitakctheeidi8i C
counter can 5 be disposed within the base or other areas of the

device, and will require electrically cgnguctive contacts which
conplete a circuigggt some point in the dose | oadi ng operation; the
characteristics of {he r‘Pe&ﬁBed battery will be a factor in
establishing a 10 §shel iife for the device. Presently preferred is
count er nechani sm 5807 a dgcrenmegti ng nechani cal count er that

i ndicates the nunbef of dodes remeyning to be di spensed.

Count er nmechaRRANn/A80 is cqnpri sed gf gg 15  aftBlenentioned first and
second rotati og pfeventign 'd? tents 224\and 232 1gp base 200, the
af orementi one n@ow 330 o,ltﬂv7,,gicter 320, a

conti nuous count € MMtermtten (f<@rz e ZeZ@and a
spring-bi ased pa . g%gsh; F figs. 3, 4 and
67-70, continuous 530 is fornmed by § 92 having a
wal | with 182 angul ar cr oss-188¢t Bes-

L] FIG. 224




outer annul ar | edge 594 is forned on the outer, upper 25 edge of disc 592
by cutting away disc 592 thereat. Further, a lower annular lip 596

axi ally extengg dh the | ower, outer edge of disc 592, as a snooth
ext ensi on of disc , "but of a | esser cross-sectional Wkﬂh%gv a
result, an inner annular |edge 598 is 30 formed at the | ower edge di sc
592. In this regard, conti nuous Geysy er ring 590 can be seated on
base 200, and in particular, inner annular |edge 598 seats upon
circular top wall 202 of base 200 and | ower annular lip 596 seats on
annul ar | edge 206 of base 200 in 35 surrounding relation to circular top
wal | 202. A plurality of nunerical indicia 600 are printed

on the snoot h conbi ned outer surface of disc 592 and WD 97/ 30743
PCT/ US97/ 01562 55 | ower annular lip
596. Specifically, two success?eg: sets of nunbers "0" through "9" are

printed equi angul arly thereabOyt. Nunerical, jndicia 600 are
240" <2~

s N\ 184

180°




printed in a vertical manner. Thus, indicia 600 can be 5 read while

net ered powder dose di spenser 10 is upright, that is, in the manner
that it should be used. © Twenty gear teeth 602 are equi angularly
formed on wo bhiszaanner surface of disc 592 in correspondence with

the twenty nunbers of numerical indicia 600. Al gear 10 terthuégdave
the sanme depth in the radial direction, with the exception that
dianetrically opposite gear teet h 1§0¢4 and 606 of gear teeth 602,
corresponding to t he opposite nunbers "5" of nunerical indicia 600,
are deeper than the remai ning gear teeth 602, that is, gear 15 teeth
604 and 606 extend outwardly in the radial 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

224 of base 200 engages with one gear tooth 602 at a 20 time, to prevent
cl ockwi se rotation of continuous counter ring 590 on base 200.

As shown in Figs. 3, 4 and 71-74, intermttent counter ring 620 is
formed by a disc 622 having a wall with a substantially rectangul ar
cross-section. A 25 | ower annular lip 624 axially extends fromthe |ower,
outer edge of disc 622, as a snooth extension of disc 622, but of a

| esser cross-sectional width. As a result, an inner annular |edge 626
is fornmed at the | ofi N Bedge of disc 622. In this regard, intermttent
30 counter ring 658,0 ¥ rotatably seated on continuous counter
ring 590, and in pa ? i nner annul ar | edge 626 i s spaced above
conti nuous counter ring

185’

180°

R XXX D 8609070207030 07074 2 S
@
R

PRI TN

Petatatiter,

185'

(XX
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while | ower annular |ip 624 seats on outer annul ar | edge 594 of

conti nuous counter ring 590. 35 A plurality of nunerical indicia 628
are printed on the snooth conbi ned outer surface of disc 622 and
| ower annular lip 624. Specifically, nunbers "O0O" WO 97/ 30743
PCT/ US97/ 01 38297/30743 56 t NPGRIBIP701562 ar e
printed equi angul arly thereabout. Nunerical indicia 628 are printed in
a vertical manner. Thus, indicia,?;§1can be read while netered powder
dose di spenser %g%La_u right, that'is, in the manner that it 5 should
be used. Tent y g£ar221eeth 630 a2B0equi angul arly formed on
the inner surface @fgd Lp2 AN g ence with t he twen
nunbers of nunerica 7z teeth 630 have the/sane

] i Ng¥620 is

depth in the @Qg

Sori ng et erd2rsal N
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tooth 630 at a tine, to prevent clockw se rotation of intermttent
counter ring 620 on base 200. As wll be 15 appreci ated fromthe

di scussi on which foll ows, gear teeth 630 extend along a | arger

di aneter circle than gear teeth 602, so that gear teeth 630 are
outwardly  WOI¥fhced in the radial direction fromgear teeitfsifises
Further, a dose limting tab 632 extends upwardly 20 fromthe upper
surface of disc 622, corresponding to 3 positi on between nunbers "9"
and "10", to prevent operation of r%%r ed powder dose di spenser 10
after a prescrppgd nunber of doses have beer}égispensed. For

exanpl e, where neteraeg povvde.r_.ﬁss4di spenser 10 ¥QU25 limted to

di spensi ng 200 doses, Jose Jimti tab 632 can abut agai nst a dosage
limter tab 336 of6bus ﬁgafter di spensi n dredth
dose, to preven RN 274 rot ati 0268~

Wth respect to gete ahe 180, as w |
respect to th )
? H r339" of i

indicia 628 i
nunmber 199, r h transpa
?Z@di spgns€ed,
nunbers "

of adapter 32@72~ A
respectively, are“&posed DY the nunmbédl

counter ring 590 ﬁgé(
t hrough wi ndow 330. [ = 34
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I ’\ _

212 58 270
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57 After the next nine doses, only continuous counter ring 590
rotates one increment at a time for each dose. After the nunber "190"
is exposed t Ryl ndow 330, t he next dose results in both
continuous counter ring 5 590 and intermittent counter ringeERssrRisEhi N
to form the nunber "189". This operation continues until the

nunber "00" is exposed through wﬁndow1§§9§1ﬁ¢ this time, intermttent
counter ring 620 has been rotated to a position so that dose limting
tab 632 abuts against 10 dosage limter tab 336 of adapter 320, to prevent
further relative rotation of powder housing 20 with respect to
netering dose pl at 3 A80=~ In order to cause such rotation of
conti nuous o 590 and intermttent counter ring 620, 15
spring-bi ased paw 40 i n@00des a paw 3081 VE 6423pps shown
in Figs. 3, 4 and 72 /9. pPa riwér 642 [ 'ffoes AR .rﬁgate out er
wal |~ 644 havi ng318¥el g reater than g{pe fOnBrned he\g of

conti nuous counter g and intermttgn 7 &I riyng 620. A

wal | 644. U shape et N / 65 as a height le

yi
U- shaped 20 ret gilner 6$ ijs cphnected to the
312 )

AN AN ©
L L LB s

304~ 306 186 312 -3m

300

182 184

SR AT
el b B PR
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that of arcuate wall 644. Accordingly, a |oop defining an open area

652, is fornmed by arcuate wall 644 and U-shaped retainer 650. A flange
648 of a substantially 25 triangul ar cross-sectional configuration, forns
an extension at one side of arcuate wall 644 at the I nt ersection
t her eof wit WA¥8AM3ed retai ner 650, but bei ng of a heif§{Uss7o1562
substantially equal to that of U-shaped retainer 650. 30 A paw
654 is centrally fornmed on the outer db6/31 convex surface of arcuate wall
644. Thus, when paw driver 642 is inserted on circular top wall 202
of base 200 in surrounding relation to cylindrical boss 216, pawl
654 can be inserted within a gear tooth 602. 35 However, because gear
teeth 630 extend al ong a | arger dianeter circle t %(?'I gear teeth 602,
paw 654 can only engage with 3gjar 3get h 602 aﬁ Wi th gear teeth
630. WO 97/ 30743

PCT/ US97/ 01562 The only exception

322 —
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<
329 330
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FIG. 41



TR ey L

of gear teeth 604 or 606. In such case, because gear teeth 604 and 606
are deeper than the renaini ng gear teeth 602, paw 654 can reach into
and engage with gear 5 teeth 630. Since gear teeth 604 and 606 are spaced
apart by ten‘gﬁga?@ﬁeth, pawl 654 engages w thin one of the gear teeth
604 or 606 every th dose di spensi ng, and t hereby engagasusshbizsi) one
of gear teeth 630 at such tinme to rotatably drive intermttent counter
ring 10 620 with continuous counter rigygs590. In order to bias
paw 654 into engagenent with gear teeth 602, a bent, substantially

i nverted L-shaped spring 658 has one end integrally fornmed centrally,
in regard to the wi dthw se and hei ghtw se directions, at 15 t he

i nner surface of arcuate wall 644, with the free end t hereof hanging
down-t o push agai nst cylindrical boss 216 of base 220 within radial
segnent 219, thereby bi asi ng pawl assenbly 640 outwardly in the radial
direction. This causes pawl 654 to enter into 20 engagenent with gear
teeth 602. It will be appreciated that, by form ng spring 658
integrally in a single nolding operation with paw assenbly 640, the
nunber of parts is reduced, a single nol di ng operation is utilized,
assenbly of the parts is 25 easier, and the spring can be nade nore

fl exi bl e and reliable. It will be appreciated that, when
paw assenbly 640 i s positioned on base 200, opposite sides of

U shaped retainer 650 are positioned ggg hin gpgled stub 30 walls 221 and
223, so that there is just sufficient




room for pawl assenbly 640 to rotate by a small angle, in order to
function as a ratchet assenbly wth respect to the gear teeth of
counter rings 590 and 620. Referring to Figs. 80-83, there is
shown a 35 spring- bi ased pawl assenbly 640" according to another

embodi ment BOFR83r esent invention, in which el enents PCHY28B6Rdi ng

to those of pawl assenbly 640 of Figs. WO 97/ 30743
PCT/ US97/ 01562 17/1 59 75-79 are
identified by the sane reference nuneral with a prime (') added
t hereto. The only diffe ce b 3 j,sassenbly 640" and
pawl assenbly 640 is that the fre e "5 of pawl assenbly
640' has a slight convgg curvatur g 4,/ i d thereof.
Referring to Figs. 84-33, tiggoe / R pawl assenbly
640" according to still i‘o’/' i nventi on,
I n which 10 el enents fkorrespof / iy 640 of
i
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Figs. 75-79 are identified by the sane reference nunerals, with a

double prime (") added thereto. One difference between paw
assenbly 640" and paw assenbly 640 is that spring 658" of paw
assenbly 640", 15 rat her than being formed as a substantially L-shaped
menber, is wOwd743s a generally |inear menber with td’&"ﬂéﬂ"’gﬁsﬁ%s,
extending at an angle fromthe upper end of the inner surface of
arcuate wall 644". Anot her difﬁgrgpce is that flange 648 is
elimnated entirely. 20 In the 5peration of counter nechani sm 580,
| ower spring tain@¥2260 § tates 180[err] w th3geservegr boghn 22
relative to neterﬂﬂg dose claté §80 bet ween t he 4@%r eg DESI when

i on
AT

closure cap 5 I S
position vvhen%qzo \

agga—sQqyo ag{pter 320\ 2ee=ERe

‘«4; '}1".,-\ R 2 38&[TDV fr /’./- ners
S & 4f"s I n & s

is engaged Nearv oot 18930
ring 590, anf0%+ +ff
Further, in
driving mallig 4
reservoir body 2

Irst 178 ation
position, paw gr' 3 i
rotated into ég t he oppByi t @84i te terrs sgenbly 640

As a result, pawl 654 is rotated so that it rides

tooth 602, th GF*G ’4& ' »\“r . #i&hal | ow
gear , er 0 ssi ng
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60 spring 658. When ten doses have been di spensed, conti nued
rotation to the full 180 causes paw 654 to rotate a slight amount and
fall into tkf?{yﬁ$ﬁgear tooth 604, which is a deep gear tooth, for
exanple. 5 Spéecitically, spring 658 biases paw 654 into geQTUSIIOISEDOL h
604. Since gear tooth 604 is a deep gear tooth, pawl 654 al so enters
one of the gear teeth 630. At t hi ggpqi nt, netered powder dose

di spenser 10 is in the i nhal ation position in which netered dose hol e
184 is 10 in alignment with venturi conduit 64. After the user

I nhal es the dose of powder 62, cl osure cap 520 is threaded back onto
adapter 320. As a result, reservoir body 22 rotates back to its

i ni t4 al position,44Bhich also results in rotation of |ower 15 spring
retainer 260. During this rotation back 180[err], that is, paw
driving end 276 of arcuate pawl driving wal | 274 engages w th paw
assenbly 640 at the end of ;=™ 33s novenent to ro e paw assenbly 640 to
its initial posggg.on. IDuring such novenent, sifice pawl 654 is

52 48 o 450 442

i ain 4

446 444

L 53 | HG 52

440
\ 442

\g6

FIG. 55




20 engaged wi thin deep gear tooth 604 and one of the gear teeth 630,
bot h conti nuous counter ring 590 and intermttent counter ring 620 are
rot ated together one increnent. In the case where pawl 654 is not
engaged wi 3onae of the deep gear teeth 604 or 606, paw does 25 not
engage with a gear tooth 630, so that only the cont i nuoRST/ESTMI®2 ri ng
590 woul d be rotated. It wll be appreciated that continuous
counter ring 590 and intermttent 208mter ring 620 cannot rotate
in the opposite direction because of first and 30 second rotation
prevention spring detents 224 and 232 whi ch engage with gear teeth
602 and 630, respectively. It will be appreciated that various

changes can be made to the scope of the 8¢4nt invention. For
exanpl e, rotation of netering dose eed not 35 be 180[err], but
could be for a |lesser or greater uate | di stance. In such case, the

| ength of arcuate paw WO {957/ 3074
PCT/"US97/ 01562 //5522

520




driving wal
640.

powder dose di spenser

| 274 woul d be changed to increnentally

Accordingly, wth t

of powdered nedi canent to be

the prior art.

10 netal

Al

whi | e
508

he present i

t he
| s.

drive pawl assenbly

nvention, a netered

10 is provided that accurately 5 neasures the doses
delivered to the patient, jfi
di spenser 1WO97T30743 s greatly sinplified in construction an&C§§§%W%
of the above el enents,
plate 93" and spring 290, agg3preferably
readily avail abl e plastics,
fabricated fromsuitable

al ly,

over

with the exception of
fabricated from

former gpprts are preferably
Typi cal |y,

he vari ous conponents

whi ch do not require porosit ial properties will be 15
nol ded from one or nore thernopla ﬁﬂg lsubst Hfices havi ng t he desired
rigidity and strength. In sone i e conponent containi ng
t he powder receptacle is rel @i\ ., to maintain a
requi red degree of surface flatn ifl | b onstructed froma | ess
easi |y deforned substance such a9 fa rait or pl astic, ceram c or
metal . O course, mat eri al s gk ¢qgtled be chem cally conpatible
wth the medication to be diglpenseld. HatHreasons of cost, a
maxi mumutilization of plastics be, prefijedred where 25 the device is
i ntended to be disposable with n pf ! ghly a limted nunber of,
medi canent refills after the nitli al chalge has been di spensed. O her
"conposi te” conponent s can uked el se\ere in the device where
speci al properties are required. T Ty 528
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30 In order to assenble nmetered powder dose di spenser 10,

powder housing 20 is first assenbl ed. Specifically, reservoir plug 90
is inserted within reservoir body 22, desiccant hol der 560 is snhapped
into cl oydlegagidp 520, swirl nozzle 380 is assenbled with 35  driving
body 120 and nout hpiece 440 is assenbled with SW rl noz2CE/USSM1sdiext ,
continuous counter ring 590 is fit onto base 200 and intermttent
counter ring 620.is WO 97/ 307422/31

PCT/ US97/ 01562 62 fit onto continuous
counter ring 590. Both counter rings 590 and 620 are rotated until the
nunber " 19" of intermttent counter ring 620 and the nunber "9" of
conti nuous counter ring are in alignnent for 5 di spl ay through

wi ndow 330. In other wor corresponds to the nunber "199".

U ‘Qk
Pawl assenbly 640 i3 ﬁ' oned on top circular wall 202 of base
200 i n surroundi ng frelatke \ N\ to cylindrical boss 216 betvveen stub
wal | s 221 and 10 ——dL AT pAl 654 being biased into e #\QS pent with

N

526 930

FIG. 62



gear tooth 604 in alignnent with the nunber "5" and the gear tooth 630

in alignment with the nunber "5", that is, in alignment with the
nunber "55". It will be appreciated that first and second rotation
prevention ng detents 224 and 232 are in alignnment with gear
tooth 606 corrggpoﬂ%lng to nunber "0" and with the gear POTHSOPOBED)
correspondi ng to the nunber "19". Thereafter, |ower spring
retainer 260 is posi tioned on bos®3246 in surrounding relation to 20
retaining post 218, with narrom1driven ear 270 in alignment with the

nunber "199" on rings 590 an §§<J_n such case, pawl driving end 276
thereof is in abut nent I 18 of p.,. assenbly 640. Coi

spring 290 is then seated on d;Qb\ QQ 25 retai ner 260
and -support plate 300 is placeggﬁn spring 290, with narrow
driven ear 306 thereof in 179 ow driven ear 270 of

| ower spring retainer 260. Tfyg i ng post 188 of

netering dose plate 180 is positi} ed thr gh ce al 30 circular hole
310 of support plate 300 and over retfai ni ng jgpst 218 of base 200, with

bar 190 and sl ot 222 in aééf e, netered dose hole 184
isinalignment with radially : support plate 300.
35 Then, reservoir body 22, ir plug 90 assenbl ed

therewith, is inserted over neteri
300, coil spring 290 and | ower

pl ate 180, support plate

560

564 562 Vi
, T” 568
| il

560

T Hl' fl 563

566 i




WO 97/ 30743 PCT/ US97/ 01562

63 support plate 260, such that narrow driven ears 270 and 306
fit wwthin narrow drive slot 34, and w der driven ears 272 and 308 fit
within wider drive slot 36 of reservoir body 22. In s venturi
conduit 64 VO80T 3| jgnment with nmetered dose hol e 184. ﬁ’ﬁ*%‘?%i’?‘%
assenbl e the above parts together, adapter 320 is then pl aced over the
above assenbly such that slot 326 2a/8bereof is in alignment with post
214 of base 200. Adapt erﬁ%@d—s—bhe-ﬁ; pressed down until annul ar | edge
10 210 of base 200 snaps into annul ar grgpove 324 of 9(..fa\dapter 320. At
this time, coil spring 290 is cbnpreSsedd the nunb '199" appears

t hrough wi ndow 330 of adapger 3230, gnd rgecessgs 0 and 342 of adapter
320 are in alig nt with dng ot&—34_ang 36, 15 &6§5FCtively’ of
reservoir body 22. 3Ther *aQ&Eupply con 60 is filled

X\ bady H20, with
oversrese}voir body 22,
-

t hrough the upper opeg end thexe
nozzl e 380 and nout hpfece 440 t
such that circular plyg CONhc+H.

ve
/’/

i
% [|6.60A

504 0N 562 5{4 ;soo ;592 0
H " [ s Vb i

W7, 87970 1 213 |4
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20 144 of driving body 120 plugs the upper open end of powder supply

conduit 60 and such that the upper open end of venturi conduit 64
ext ends through circul ar opening 142 in driving body 120. In this
position, the | ower edge of |ower annular skirt sectiqgn_128. of 25
driving bodWO¥ET4 positioned i nrediately above the FIASTUYSGE of
upper annul.ar wall 332 of adapter 320. Cl osure cap 520 is then
t hreaded onto adapter 320, wher epsygaowder housing 20 is rotated 180
relative to nmet eri ng dose Igte 180 so as to pri nmet ered powder 30

Wen a user desires to inhal e a Hosage ofl the 17 powder 62, closure cap

dose di spenser 10, that is, so to scr ge powder 6 into netered
dose hol e 184. This noves paw 6 ©th 18 nextgigér t ooth 602.

520 is unt hreaded and 73m)ved, 35\ &J 60 Qt arin povvde7 housi ng 20 back
180[err] so as to al i gn Z/enonm 64\ t h 18et er dose hol e 184,
ready for inhal ation. 1& this ™NAe -~ 97/ 30743
PCT/ US97/ 01562 3 , 15
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rotated one increnment, whereby the next nunber "198" is di spl ayed

t hrough wi ndow 330. Wen all 200 doses have been used, dose limting
tab 632 of intermttent counter ring 620 abuts agai nst dosage |imter
tab 336 5 Eégy@ﬂﬁgter 320 to prevent further rotation for

di spensing. Accordingly, the nunbers will not continue BGIFITB162 ¢
"199". Havi ng descri bed specific preferred enbodi nents of

the invention with reference to the acegfspanyi ng 10 drawings, it will be
appreci ated that the present invention is not limted to those precise
enbodi nment s and that various changes and nodifications can be

effected therein by one of ordinary skill in the art W t hout departing
fromthe scope or spirit of the 15 i nvention as defined by the appended
cl ai ms. 65 WHAO 1S CLAI MED

| S: 1. 79 pofid2r inhal er G4hprfQing:
62 658 // 648
654

o 644
FIG. 76
’//’640 ‘//640
650 658 ' 644 | 644
642 K‘ K\v //j?///554 6§§
~J! 77 ~ ’__“';—{ 642
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base means for supporting conponents; supply means for holding a
supply of powdered material to be di spensed, an i nhal ati on conduit
extending in a first direction and positioned in displaced relation to said
supply means; means for carrying a predeterm ned ano i
powder ed nmeWeA7374% r om said supply neans to said inhalatiowgaﬁﬁﬂﬁ€?9
nozzl e nmeans for reducing particle sizes of aggl onerates of powdered
material fromthe inhalation conduit pp/3orm m croni zed powdered materia
and for mxing said mcronized powdered nateriaﬁ4®lt§ suction air; said
nozzl e nmeans i ncl udi ng: 642 cavity neang for 3hanging the direction
of flow of said powder fronlsaid fArst direct#on of idinhalation conduit

to a second direction differet fro sald first direation, said cavity
means bei ng defined by a top |1 ctled to a peri phery of
said top wall, said top wall nﬁvi' er eifn; SW r
means for substantially conti digtection of flow of said
powder in said second direction i pans; and

chi mey neans extending from said \Q Se644lndi ng rel ation to said
openi ng for changing the direc6®n o sai d powder from said second

I y b

direction of said cavity neans substantf 6480 said first direction,
sai d chi mey nmeans extendi ng al ong a |aI irection thereof; and

cl osure cap neans for covering said ns and nozzl e neans;
characterized by said chi mey neans |n an inner tubular wall surface
having irregularities extending in said aX|aI dlrectlon. 2. The

powder inhal er according to claing4p’ characterg q?ﬂd irregularities
being forned by a plurality of fluyes Sﬁﬂsala ,/pu ul ar wal

644 °

658! /60
642 N /lﬁ;' yd

p
|
A\Y
1]
L

: ) HES
650 —"
FIG. 82
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surface. : 66 3. The
powder inhaler according to claim2, characterized by said flutes being
formed by: a plurality of first concave wall sections extending in
sai d axial diggesdks and having an arc of a first radius in a direction
transverse to sald axial direction, and a plurality ofPCHUsSNTH1S62] |
sections extending in said axial direction and interconnecting said first
concave wal |l sections. 4, Thegmawder inhal er according to claim
3, characterized by said second wall sections having a concave
configuration having an arc of a second radius in a direction transverse to

said axial direchpon, said s nd radi us_bei ng greater than jd first
r adi us. 88 TQQ'ﬁﬂW&%? [ Iergaccording to claimﬁi characteri zed
by said top wal | ghavB4dj ja circul apMShapg and saigyepeniag b¢ing centrally

| ocated in said tjop wal Il, and safd SW rk neans i ajgcurved wal l
extendi ng from sai d oPEIIII TU RN i it . 654"
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6. The powder inhaler according to claimb5, characterized by said curved

wal | extending in a substantially spiral manner. 7. The powder

i nhal er according to claimb5, characterized by said curved wall being
connect ed w tWogaBayei op wal | . 8. The powder inhaler according to
claim1, characterized by said chimey neans having a centraPChussymsgd sai d
I nhal ation conduit having a central axis parallel to and offset fromthe
central axis of said chi mey neans. 29731 9. The powder i nhal er

according to claim1, characterized by: (a) said supply neans
' 67

conpri si ng:
powder housing neans including a reservoir ldy gpldlng a supply of
powdered material t@be dispensed, said powergr he S|ng means further
i ncl udi ng' sai d i nhaMaki  on condui t;

320”7
FIG. 898

FIG. 89A




a driving body secured to said reservoir body for driving said reservoir
body in a rotational direction, said driving body including a plurality of
recesses in an upper portion thereof; and (b) said neans for carrying
sai d predeterm anount of said powdered neterial includigg,

metering pl iogqﬁg‘g?ﬁs for holding a netered anount of said pggrdtexﬁyggxssz
material, said netering plate neans including netered dose hole neans for
hol di ng said netered anmpbunt of said psw3ered material, said netering plate
means bei ng positionabl e bel ow said supply of powdered material, and said
metering plate neans and said powd20 housi ng neans being relatively bi-
directionally rotatable with respéct to each other about a comon central
axis so that said netergdtaose Pl e neans can be placed in fluid

conmmuni cati on sel ective i id supply of powdered material or said

i nhal ati on conduit; Epring neans biasing said netering plate
means and sai d powder hj ns toward each other; and (d) said
nozzl e neans bei ng noung #d driving body for receiving said netered
anount of said powdered ;through said inhal ation conduit, said
nozzl e means including §i b neansfjwel ded in said recesses of said driving
body. 10. The ﬁomdgéoinialer according to claim9, characterized
by said driving body hgyi tog wall, and said recesses bei ng arranged
al ong a peripheral portjy 2afd top wall. 11. The powder

i nhal er according to clg Mar acterized by said top wall having a
circul ar configuration, ¥ eckfSses being arranged al ong a conmon
circle in said periph of said circular top wall

352

FIG. 89D
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530




68 12.
| east one of said recesses extending for a different

The powder inhaler according to claim?9,

sai d recesses,

and said rib nmeans having |l engths corresponding to

characterized by at
| engt h than anot her of

respecti ve o@gsebrgai d recesses.

13. The powder inhal er according

to claim?9,
made froma plastic material,

characterized by said rib neans and said drivi nfQIsB7E6Ng

and said rib nmeans being ultrasonically

wel ded in said recesses of said drivingtmdy such that the plastic materi al

of said rib neans is fused into the plastic materi al
The powder inhaler according to claim?9,
| east one driving recess with a spring finger in

an adapter non-rotatably nounted with respect to

sai d adapter including at

14.
driving body including at
each driving recess;

said netering plate neans,
recess for receiving said at

of said recesses.

characterized by: said

| east one | ocking
| east one spring finger therein to prevent

rotation of said powder housing neans relative to said adapter and said
and

nmet €ri ng pl ate neans;

v
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Noust oo s b creene. DM e Senses mwéﬁﬁé@aﬁﬁﬁ”d?

said metered dose hol e neanst when®safd tl osurd EhPesneiption: paged *éHP?geé

—+

covering relation of said powder housing gﬁ,’a q Enidimes)r ot pa S 88

housi ng neans such that said inhalation cOYduift {i Browinge) : gagndum PR -
W th sai d@w,e nmeans when said clioglpdsean megagdl ‘S gw% +N
covering ' ‘powder housi ng neans}, said primng me&rﬁsAUG

including at | east one primng rib for biasing A’?E%F' tyane,. SRILLNG.
finger out of said at |east one |ocking recess

rotation of saild pO\Ajpowdenmh@iemmnsmgatwe to said netering plate neans
and for engagi wi th said at Nng recess to rotate said
powder housi ng b%@&rf?eﬁaﬁafﬂ \?8"?8&@‘& %’%}Bgé g plate means. _

69 15. supbR RRERAS Fof ﬁb@i‘irg adtppl bﬂFowaefé@matéﬁbl thy acteri zed by

said driving body i'ncluding two anetrically opposite spring fingers, said
adapt er i déspensed;two dianetrically opposite | ocking recesses ‘and said cap

To " The. powder hiaph oSl GRBhEGAN /12 B Sktch, BPU Hicnein,
prim ng ridisplaced félatioR o Waike supplyrmeahti on and a | ower ranp portion which
means for carrying a predetermined amount of said powdered material

from said supply means to said inhalation conduit;
nozzle means for reducing particle sizes of agglomerates of powdered
material from the fnhalation conduit to form micronized powdered material and
for mixing said micronized powdered material with suction air; said nozzle
means including:
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, said cavity means being defined by a top wall and a skirt
connected to a periphery of said top wall, said top wall having an opening
therein;
swirl means for substantially continuously changing the direction
of flow of said powder in said second direction in said cavity means; and
chimney means extending from said top wall in surrounding
relation to said opening for changing the direction of flow of said powder from
said second direction of said cavity means substantially back to said first
direction, said chimriey means extending along an axial direction thereof; and
closure cap means for covering said supply means and nozzle means;
characterized by said chimney means including an inner tubular wall
surface having irregularities extending in.said axial direction.

2. The powder inhaler according to claim 1, characterized by said
irregularities being formed by a plurality of flutes on said inner tubular wall

surface. REPLACEMENT SHEET
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.meet at an internediate projecting portion and reduce in t

. hove away fromsaid projecting portion, such that said updmﬂmmim m' ml
initially biases said at |east one spring finger out of said & least one
| ocki ng recess during renoval of said cl osgée cap neans from said covering
relation and said | ower ranp portlon initidrly biases said at | east one
spring finger oyt of nt of
said closure cag Eﬁé‘ % saelr @%‘%&rg%%‘l rgg&akﬁ%e%ﬁa%é%dssﬁ%@%gEMer
i nhal er acmedlbmg mm{gd by16 characteri zed by each said sprl ng fi nger
i ncluding a depressign which receives _said projectjng portion when said
closure cap neadPlyrality el first eencave wall sgrlions,oxending: i) said ewial direction 18

oy 1 ncl A Davl 4 SREPE At roRl B e GV FEhSlarte fo BCERKE, oo

fingers examadi ng with| n sal d two driving recesses in an unbi ased
condi ti on. he ovvder I nhal er accordjng to claim 14,

characterized b@i plurahty °%%¢QP"&’dW§l Sections ayienging in said @xial ditestios andc am
track haviig, a,5H0SH @Eéﬂl h%t ESH@é\Fe WafiSseci6Rs.! onal configuration; and

sai d cl osule cap an annul ar skirt haV|ng an

I nner surface, and at | east one camforrred on a |l ower portion
of the inner surface f annul ar skirt for r{ ng_n in said at | east one
helical camtra®k  The powder inhaler according to claim 3, c aracterized by said

second wall sections having a concave configuration having an arc of a second
radius in a direction transverse to said axial direction, said second radius being

greater than said first radius.

5. The powder inhaler according to claim 1, characterized by said top
wall having a circular shape and said opening being centrally located in said top
wall, and said switl means including a curved wall extending from said opening
to said skirt.

6. The powder inhaler according to claim 5, characterized by said
curved wall extending in a substantially spiral manner.

7. The powder inhaler according fo claim 5, characterized by said
curved wall being connected with said top wall.

8. The powder inhaler according to claim 1, characterized by said
chimney means having a central axis and said inhalation conduit having a
central axis paraliel to and offset from the central axis of said chimney means.

9. The powder inhaler according to claim 1, characterized by:
(a) said supply means comprising:

REPLACEMENT SHEET
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70 - . 20. The powder inhaler according to claim19, c i
. each said camtrack including an entry portion defining a m“mmm ﬂ 1““,
' ' kel Mcat

zone in which said at | east one cam engages prior to permttirfg he *
novenent of said at | east one camw thin isgd at | east one camtrack.
21. The powder inhaler according to clai 9, characterized by two of said

helical camtra | : : ' | er
according to cl g@dgpﬂgﬁéﬁggﬁgéﬁ%g“d‘g @@:ﬁg a reser\é(allr g%%gthyr@rqgcyp\ggg)%‘y ans
havi ng an powdessdimatetidl toi s disppnsed, said powges hpasingabeans dugheer neans

for retain n?%ﬁt dose of said powdered material in said netered dose hole-
means, sai @clusting said inbafationecordWEANd oned bel ow sai d netered dose hol e

means; saj ' ' T TP ' | M |l ation to
t he undersi de O#%g@ﬁfbﬁ@@érsl ng gltgféed&?}éans é‘hgaﬁgfégﬁﬁmﬁéﬁéﬁlﬂ?{ei\é@P and
sai d ret ai bedy reanstatienapdirettiter] said drvidgroddy inoludiridhatplemiity of leeesses f used
Into said retai ner neans The powder inhaler according to

ns. 23.
clai m 22, B HEPer PoBiengneteqfyand
(b) said means for carrying said predetermined amount of said powdered

meterial including:

metering plate 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 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;

(c) a spring means biasing said metering plate means and said powder
housing means toward each other; and

(d) said nozzle means being mounted to said driving body for receiving
said metered amount of said powdered material through said inhalation
conduit, said nozzle means including rib means welded in said recesses of

said driving body.

10.  The powder inhaler according to claim 8, characterized by said
driving body having a top wall, and said recesses being arranged along a

peripheral portion of said top wall.

11.  The powder inhaler according to claim 10, characterized by said
top wall having a circufar configuration, and said recesses being arranged
along a common circle in said peripheral portion of said circular top wall.
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" retainer neans bei ng formed by a material selected fromt
consisting of a gas-perneable filter, a mesh screen, “’lma“{“ IHH

and a perforated plate el ement. 24. The povvder ter Lace
to claim 22, characterized by sal d retai \r/]vcé means bei ng uI trasonically
wel ded to said ribs. The po 8 nhal er according to claim 22,

concent 1 c oir ol Toé bmig“%'%'"é e, B, G 8, LheBlorPRATRECREH
char act er i greslobgaidaebessds bntelndmgaforldadmréntaéhgthtthanramitl@ér @frsmd secti onal

configuration.
27. The Jgefesses,and saidadk snemns having) lgngthsocorrespanging to @@sngcttyemes

nmetering p gas perneabl e retai ner being forned by the steps
of : (%ofgésiﬁij ge%&l"%he gas perneabl e retainer at a predeterm ned

position in a first nold half used for injection nolding said netering
pl at e; positioning a second nold half adjacent said first nold half

to forma rol di B chE®PewdsEinirlevaesprdngdorclaim 8 eharasterizeddoy gaiedik

met ering Rhahfis and said driving body being made from a plastic material, and said rib

means being ultrasonically welded in said recesses of said driving body such
that the plastic material of said rib means is fused into the plastic material of
said recesses.

14. The powder inhaler according to claim 9, characterized by:

said driving body including at least one driving recess with a spring finger
in each driving recess;

an adapter non-rotatably mounted with respect to said metering plate
means, said adapter including at least one locking recess for receiving said at
least one spring finger therein to prevent rotation of said powder housing
means relative to said adapter and said metering plate means; and

said closure cap means including priming means 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 when said closure cap
means is secured in covering relation to said powder housing means, said
priming means including at least one priming rib for biasing said at least one
spring finger out of said at least one locking recess of said adapter to enable
rotation of said powder housing means relative to said metering plate- means
and for engaging with said at least one driving recess to rotate said powder
housing means relative to said metering plate means.
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said second nold hal f havi ng a through opening therein i “m '
. said retainer at said predeterm ned position in said fi rlﬂ'l ﬂwmmllmmm
inserting a core pin through said through opening in said sé&ohd 'hold Hal f

into engagenent with said retainer to hold,jhe retainer in position against
said first nold half and to forma netered dose hole in said nol ded

netering plate; 4and | i ' . | Ll 3 | | di. hg
chanber thr ough1§t I gggtpo%dgrﬁﬁbég?ﬁgh&%mqt%ﬁﬁrﬁ’ g@?h&c&éﬁ%&? ﬁg s%l@t e
with said gaevingdasbdjoineluting two dismetrically dpposite Bpring dinyers esald eidpterdn
undersi de of said net Qr\i“r;g,pl ate in covering relation to said netered dose
hol e. including twotiametricallyopprosdientoghing lesesses andesrith\capameans| ded

Cur roundi r B o Wl MR SR BT Plnd s 0 Conier rotai ner |

havi ng di nensions greater than said netered dose hole to conpletely cover
said netered dose hole and less than sai g shall ow recess so as to be

secured to sai d1Get efhaPowdardnhales gcaoring fa,¢laina dds gharacterized by eaclrne
pouer | ind RSk o BT e PO RS A BB e o

I ncl udi ng: ving an ax y extending r

coaxi al wi inees at andntermediateprojetting portivrataatl redace ire tHickhedst & #iydmove
nmetering pl ate neans; and counter neans, rotatably nounted on said

base in suRWBuMGaItPERIeeling Bogiand sHeh dhat $aid wpeer rap partion dritigla vi sual
count of tihe auagy afgea%g%gés ri Hqéh}omeaf%dai@%ft #dtlorde BLKiNg R cBEEN

di spensed or remal n I spense
during removal of said closure cap means from said covering relatién and said

lower ramp portion initially biases said at least one spring finger out of said at
least one locking recess during securement of said closure cap means to said

covering relation.

17. The powder inhaler according to claim 16, characterized by each
said spring finger including a depression which receives said projecting ‘portion

when said closure cap means is fully secured in said covering relation.

18. The powder inhaler according to claim 14, characterized by said
driving body including two diametrically opposite driving recesses and two
spring fingers extending within said two driving recesses in an unbiased
condition.

19. The powder inhaler according fo claim 14, characterized by:
said adapter including at least one helical cam track having a
substantially square cross-sectional configuration; and
said closure cap means including:
an annular skirt having an inner surface, and
at least one cam formed on a lower portion of the inner surface of
annular skirt for riding within said at least one helical cam track.
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72 response to said relative rotation of said povvderrl m”
said netering plate neans, said counter neans incl udi "’ﬂ"ﬁﬁnﬂ"m
counter ring neans for providing said visual count, sai'd couhtel r$ng neans

bei ng rotatabl e about said common central72%is and having counting indicia
t hereon for displaying said visual count, "'Said counter ring means

 ndi ot & Cher cofCana Thedroder WRRES HesOiHG £ BhCre, drfeciERd i i,

t hereof , @&l cam track including an entry portion Wefinigt a Vettitabtrdp Aene fPwhidH ¥
mounted with said continuous counter ring and havh&% counti ng i ndicia -
o

thereon afaidyableastens cas eEgagas PERF 4aReriitiag helicrlmovemest of aaidaalr ,
di spl ay gigéléz Oh?;%@%m{‘%Qfdgggleqsé%gb%m%tckng indicia fromsaid counter

ring nea I ca count” corresponding to a nunber of
doses of powdered material that have been di spensed or remain to be
di spensed; and actuating neans for increnentally rotating said

counter ring n@dns iTherRawdersiahaler agcarding ie claim 18 sharrtedzekby twaiad
nmet eri ng Qﬁﬁfmﬁel@%ﬁn?ﬂgcﬁéiaﬂdWQﬁﬂsQQ@n@ means, said actuating neans

i ncl udi ng pawl ~nmeans engagi ng W th sal d gear teeth of said continuous
counter ring and said intermttent counter ring for rotating said

conti nuous counter ring on mgremant each tipe that a dose of the powdered
material is di $gensddeRpwiieinaglesasearding to claim 9, characterized by:

said metering plate means having an underside with ribs thereon;

gas permeable retainer means for retaining a dose of said powdered
material in said metered dose hole means, said retainer means being
positioned below said metered dose hole means;

said retainer means being positioned in overlying relation to the
underside of said metering plate means and fo said ribs thereon; and

said retainer means being welded to said ribs such that said ribs are

fused into said retainer means.

23. The powder inhaler according to claim 22, characterized by said
retainer means being 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 element.

24. The powder inhaler according to claim 22, characterized by said
retainer means being ultrasonically welded to said ribs.

25. The powder inhaler according to claim 22, characterized by said
ribs being formed in a plurality of spaced apart, concentric circles.

26. The powder inhaler according to claim 22, characterized by each

rib having a substantially triangular cross-sectional configuration.
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one of said counting indicia of said continuous counter{|§i 41 d
. display neans, and for rotating said intermttent count ummmumngmjﬂm
i ncrement every predeterm ned nunmber of rotational increfrents tof »sasd =+

continuous counter ring to display anot her7pne of said counting indicia of

said intermttent counter ring through said display neans, said paw neans

i ncl udi ng: 27. The powder irﬂ{hl&‘;&%oﬁﬂﬂg! toWiW?F?HI&%}é&Eé&Ez}géfggidand an

i nner surface, , integra singl e

pi ece wi t metezinguplate and fsaic gaé parimtable estaingr Ibeirig formegbby thee stopst bf:n t he

gear teeth of one of ,saiﬁl conti nuousb counter rin aé‘nd sajd intermttent
the 1 Pee

counter ring, d?ﬂf‘t"’“'“g gas permea %rﬁmers*ﬁr? gtafrRied) P‘}ﬁiﬂ?ﬂ‘ na as a
single pi gt Wold h%h%éétaﬂﬁig;ﬁjgbﬁé‘ﬁ%&Bin@%é‘d%&@inﬁ%lhte;f or biasing said

paw into engagenent w
73 gear teeth qiositioning @nsecanibmold hatfeadjaderd said fisstirdoldrtialf to farana count er

50" The HBbitg ERmbEr Heheag 5o fr Tsion MAIdPacaid dEetyngap At aw
P S e 5B R8O et A URGERSRUEA YR horet i ot T8 s8RV
gener al | y retainerr atsaitl predetaroined gpositicanidi said dirstamolainiyalé
inserfing a core pin through said through opening in said second mold
half into engagement with said retainer to hold the retainer in position against
said first mold half and to form a metered dose hole in said molded metering
plate; and
injecting plastic material into said molding chamber through at least one
inféction port to form said metering plate with said metered dose hole and with
said retainer being secured to an underside of said metering plate in covering

relation to said mei_fered dose hole.

28. The method of claim 27, characterized by said molded metering
plate having a shallow recess formed at the underside thereof in surrounding
relation to the metered dose hole, and said powder retainer having dimensions
greater than said metered dose hole to completely cover said metered dose
hole and less than said shallow recess so as to be secured to said metering
plate in said shallow recess.

29. The powder inhaler according to claim 9, characterized by said
base means including:

a base having an axially extending retaining post thereon coaxial with
said common axis and non-rotatably connected with said metering plate
means; and

counter means, rotatably mounted on said base in surrounding relation
to said retaining post, for providing a visual count of the number of doses of said
powdered material that have been dispenéed or remain to be dispensed in
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fromthe inner surface of said outer wall. 32. ml er
. according to claim?29, characterized by said pawl spri Hlmmmmmmg
integrally nolded with an upper portion of said inner_sarface* of* sdi d*outer
wal | . 33. The powder inhaler acco?gi ng to claim29, characterized

by said gear teeth of said continuous count®@r ring being arranged in

cai ' htor {HoPELRE O ST 2oV Tooneit Faid Aol HousHE rRBlE MR sal R ool
counting i méterigg pleansans, said coudder mEBadsagding: nhal er according to

claim 29, characterized by the gear teeth of sajd continuous counter ring
i ncl udi ng a pl ural i t §oWntes fingdBEANS for providing saiddsualgounts saigicaunten and

at least o r t sai d second
gear "t oot rR eSO PR rcaabls Bbofk 80 YkhmEhTRnfal 558 s FASIGCY G £ et
gear teet hcowntthgsiniditia tihvereshtfoe disptaying eaid visgal calntdsaid counter ahgty of
successive third gear teeth of a depth equal to the depth of each said
second geameadst MCBIiRgi d conti nuous counter ring so that said pawl engages
W th successive ones of sgi i | ' .hg
operations and engages Ww h&g&l@ﬁé@ﬁ%ﬁ?é&égﬁﬁfg&%ﬁﬁ? or;"%fJ ﬁﬁgﬁygb&%ﬁh%gé%@ar

tooth of samd geat tgathtfornéd tiereaesurid og aaf inaer surfhce thereyf, gind he dosi ng
oper at i ons.

an intermittent counter ring coaxially mounted with said
continuous counter ring and having counting indicia thereon and gear teeth
formed therearound on an inner surface thereof,
display means through which one of said counting indicia from
said counter ring means is displayed to indicate a count corresponding to a
number of doses of powdered material that have been dispensed or remain to
be dispensed; and
actuating means for incrementally rotating said counter ring

means in response to said relative rotation between said metering plate'means
and said powder housing means; said actuating means including 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 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, said pawl means including:

an outer wall having an outer surface and an inner surface,

a pawl, integrally molded as a single piece with the outer
surface of said outer wall, for engagement within the gear teeth of one of said
continuous counter ring and said intermittent counter ring, and
a pawl spring, integrally molded as a single piece with the

inner surface of said outer wall, for biasing said pawmpga‘g”émém With said

g P, s
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- 74 35. The powder inhaler according to claim?29, Lm’mmﬂmﬂmw
. said actuating nmeans further including paw driver nmeans® v Iy
rotating said pawml means, said pawl driver means including a retdinér *

rotatably nmounted on said base coaxially w4h said continuous counter ring
and said intermttent counter ring, said retainer including first paw

driver Meads oS08 Wbnihhbug RBuftd i afd i RdmilfENcd b ARG et &1 1Y
rotate sai'l pawl nmeans in a tirst rotatidonal direction at e eénd of

rotati on cfaid pakl springrextending along iar génerailpradiabdiredtionct i on and second
paw driver neans for engagi ng an opposite side of said pawl neans to
increnentally rotate said pawl neans in a second, opposite rotational

di rection at thg endnpl phejRk i@gn@ﬁ@:ﬁg&g&e}f&@mf;gcﬁéﬂa&&ﬁg& s&igPosi te

rotational direction. r accordi O Claim
29, char aqeawli sprihgohadingd genérally Lbehaped configiedtion. an axi al direction of
said inhaler so that said indicia can be read when said inhaler is

vertically oriented. 75

37. A powder igfal efné pBlidef inthler according to claim 29, characterized by said
pawl spring 'having a generally linear configuration and extending at an angle
from the inner surface of said outer wall.

32. The powder inhaler according to claim 29, characterized by said
paw! spring having one end integrally molded with an upper portion of said inner
surface of said outer wall.

33. The powder inhaler according to claim 29, characterized by said
gear teeth of said cont_inuous counter ring being arranged in correspondence
with said counting indicia thereon, and said gear teeth of said intermittent
counter ring being arranged in correspondence with said counting indicia

thereon.

34. The powder inhaler according to claim 29, characterized by the
gear teeth of said continuous counter ring including 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 second gear tooth being positioned after every
predetermined number of said first gear teeth; and said intermittent counter ring
including a plurality of successive third gear teeth of a depth equal to the depth
of each said second gear tooth of said continuous counter ring so that said pawl
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.
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powder housing means for holding a supply of powdered

di spensed, said powder housing nmeans including an i nhamﬂmm muﬂn”"'

extending therethrough in a first directi on in displaced rel ation £ 0+said
supply of powdered material, said powder si ng neans i ncl udi ng:

a reservoir body including said supply of powdered material and said

i nhal ation condyg t, : Y red. id
reservoir bodyc%gdr dﬁ{gfmt?{deé‘“d‘ ar'%rs%(r:@ogg{ t’oggaimjﬂ}é éﬁ%%f:feg‘%éﬁ %lii?@gti on,
sai d dri vigugudtirdy meamisUfdrther including pawl driver meansfaplincr@mdntalty rétagggses in

an upper portion, thereof, at | east. one driving recess
inal omersap!f%)P? W means, sHid pamd driver means mcludmg a refaiaey fotgtabhhger in each
et of ISR sai ase oBBKBH eE AT IRANSS SR PR T o

met er ed domrxmt@tmmﬁerf ring, redid iretirsezi 1dcludtrgﬁdt pawlidtiverl meang fbﬂwder ed

ovdor od FAGEGITE Wik or1e aide SEEaH RV NaRES 16 peSmeataly @ird nade ny
means bei r?ﬂeéﬁé ﬁ*é‘fﬁé%d?étw | ' fRellion 3 e EHB%?&aﬁoWoﬁ@g‘if? ﬁﬁ'lteét'ﬁr)rggﬁghcan

ot her about conmmbn central axis so that said netere ose
be pl aced first rfdtal:ahad aimmtlonaatncbsem&pawi/dhyewmphns dodengagihy =f oppusits ed

mat eri al or sa hal ati on conduit, sa @%“n | at e neans havi ng an
Under s de Sig AT PriPawEmezms 10 incrergataliy rlaks sailt pewl Meansea s Seeand,
retaini ng gz&eﬁé reiat Ll dPeUsisT éﬁ'tH@éagcg bﬂothﬂoﬁ%'rgatae'tegé@@r ﬂPﬁ&iphO' e means,

sai d retai nmeans |ng positioned ' ow salrd netere ose hol'e neans and
i n over |l yisegond| apposite cotatienahdicectiote of said netering plate neans and to
said ribs thereon, said retainer neans being welded to said ribs such that

said ribs are fused into said retainer neans; spring means for
bi asing sai d nmegepri %@béﬁﬁeﬁﬁﬁiﬁeﬂé@c&éﬁ@ toWﬁQh&%B&rﬁﬁafb} sgygar d
each ot her; nozzl e neans, nounted t0 said driving body, for reducing

particle dndicia lsing oriented in an axial direction of said inhaler so that said indicia can

be read when said inhaler is vertically oriented.
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'aggl onerates of powdered material froman inhalation c ' ' fn a
first direction in a powder inhaler to form m croni zedc1 Hm] um"l
76 mixi id

and for * mkx1 Mg Sai
m croni zed powdered material with suction ?ﬁ' sai d nozzl e neans
conpri si ng: cavity means for angi ng the direction of flow of

sai d powder fror§|7sfaic ?,ébbmgf%ﬁaqg} hgﬂ‘f’%i aid inhalation conduit to a

second direction di ent Trom Sal ITst direction, said cavity neans
bei ng defined bypowdevthowsirlg aedns fok holding ansupiphd of powvdeed RitteMalrlo ?@i d
top wall, said toB waH havi ng an _opening therein, . sw rl nmeans
for subst affSPENsEdc Al REwWdST ousingymegns Hacludingan dahalation monduits ai d

P oane. oxt e EStehdhty SEtefirigh 8 et dRb o} tepHEdRrelation to sid suppief o
for changi pgwdeeed imateriahrsaid pdowaderdioustag nrsavieinciuding:sai d second

direction of said cavi E@% meané &bs anti al I,a/ back to said first direction,
sai d chi mey neans e ERENQAY BPAcidiagisaid suprly of heowdeased anatenial and| udi ng

an inner ty4hid Mhakiion &Hé@ﬁﬁr@a"i ng irregularities extending in said axial

direction, and- neans welded in said recesses of said
driving body; ardrivirag bedy secureat tat seid yesarvokr &ddyifohdrigingasid t o sai d

et et 00 DAL BBy i A A bbb il Biingpaaygnciading: | o O
a plurality of recesses in an upper portion thereof,
at least one driving recess in a lower portion thefeof, and
a spring finger in each said driving recess;
metering plate 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 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, said
metering plate means having an underside with ribs thereon;
gas permeable retainer means for retaining a dose of ‘said powdered
material in said metered dose hole means, said retainer means being
positioned below said metered dose hole means and in overlying relation to the
underside of said metering plate means and to said ribs thereon, said retainer
means being welded to said ribs such that said ribs are fused into said retainer
means;
spring means for biasing said metering plate means and said powder
housing means toward each other; .
nozzie means, mounted to said driving body, for reducing particie sizes of
agglomerates of powdered material from an inhalation conduit extending in a

first direction in a powder inhaler to form micronized powdered material and for
REPLAGEMEXY SnihTd
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finger therein to prevent rotation of said powder housi ' to
. said adapter and said netering plate neans, and ”",mmnﬂﬂﬁmmme
helical camtrack having a substantially square cross- sectsonal » s '+
configuration; cl osure cap neans for?éoveri ng said powder housing

means and for primng said powder inhaler r use, said closure cap neans

means. suoh™pring said micronled bORERAL Talial T Blfter Al BN dHR Ria
met ered dogempeisihgreans when said closure cap neans is renoved from

covering relation of said powder housing nmeans and for rotating said powder
housi ng neans such teaxitysmeans ferackanging dhe direetionsobilew of seishpowterfroon

cover i ng rERARTSLOTRARE ST REHT RaBEE 5 e e e e ot = 11

i ncl udi ng sdidIfiestsdirstionpshid cdvityl theans being defined by a top wall and a skirt
77 for biasing said at |east one saztg ng finger out of said at |east one

| ocki ng r eRUYiecRd tapariphens of saiddepivall.ssic topwallthayingiap &Resinchousi ng
means relqhgmgnto said netering plate means and for engaging with said at
| east one drivihg recess to rotate said powder housing neans relative to

said metering plate seithmeans for substantialy cantinlicushs khahgihgvtheddifsttionner

surface, and ) at least one camforned on a |lower portion of the
i nner  sur f ¥ictows of sAikLiPawdekn saidsrecond dieeclienrin saichravitt meaast one hel i cal
cam tr ack; 2 bgiri inlnd asAdhh ¥rdi SSRE P WaRtR iRty £ her eon

coaxial wth
relation to said opening for changing the direction of flow of said powder from

said second direction of said cavity means substantially back to said first
direction, said chimney means extending along an axial direction thereof and
including an inner tubular wall surface having irregularities extending in said
axial direction, and

rib means welded in said recesses of said driving body;

an adapter non-rotatably mounted with respect to said metering plate

means, said adapter including:

at least one locking recess for receiving said at least one spring
finger therein to prevent rotation of said powder housing means relative to said
adapter and said metering plate means, and .

at least one helical cam frack having a substantially square cross-
sectional configuration;

closure cap means for covering said powder housing means and for

priming said powder inhaler for use, said closure cap means including:

priming means 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 when said closure cap means is secured in covering relation to said

powder housing means, said priming means including at least one priming rib
REPLAGENM o+ it |
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“sai d- comon axi s and non-rotatably connected with sai 3 ﬁt eri mﬂpl ate

. means; and counter neans, rotatably nmounted on lﬂﬂﬂ nll”“m
surrounding relation to said retaining post, for provi H unt

of the nunber of doses of said powdered ma.;?ri al that have been di’spénsed
or remain to be dispensed in response to sald relative rotation of said

wder housi . ' ' | ' t
el utt noTor Bk 85 8F1e3 8ol Sofing hdhr B o Sgihat B8t 068 1hbHha R un:
sai d countefrsdid RdlapkR e S1Riblg roRitishadf i@ powides RotisPRNHRANS 98latieb t8'dafd and
having counting indicia thereon for displaying said visual count, said -

count er rimgteritgnplatemeatisngnd for engaging with said at lgastons diiving recess o ring

mner sur 1Sy b ity s RieVe" Sl R B or 11 g

coaxi al |y nounted wi & anallarekirt haviegsare inmey surfat@gamdd havi ng counting
i ndicia thereon and gear teeth fornmed therearound on an i nner surface

t her eof , at lgastpng cagnipsmes, ¢ugHowar partioncofdhedaner swtans of)

corr ospondi s oftHEaind Wt B 3y el o ARIRR) bR F0ES, e "been

di spensed or renbase having ah aixizllyakterdidg retaining post thereédn'abasial @ians for
i ncrement al I(%/\@r otating_said counter ring nmeans I.n response to said relative

rotation IS@idusemrean @xifcaed nan-ratatebieanreded witl saiddnataringopiateng neans,
sai d act ughhogs. s including pawl neans engaging with said gear teeth of
sai d continuous counter ring and said

counter means, rotatably mounted on said base in surroundiiig relation

to said retaining post, 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, said counter ring
means including: .

a continuous counter ring having counting indicia thereon
and gear teeth formed therearound on an inner surface thereof, and
an intermittent counter ring coaxially mounted with said

continuous counter ring and having counting indicia thereon and gear teeth
formed therearound on an inner surface thereof,

disptay means through which one of said counting indicia from
said counter ring means is displayed to indicate a count corresponding to a
number of doses of powdered material that have been dispensed or remain to
be dispensed; and . - .. oo

actuating means for incrementally rotating said counter ring
means in response to said relative rotation between said metering plate means
and said powder housing means, said actuating means including pawl means

engaging with said gear teeth of said continuous counter ring_and said
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78 intermttent counter ring for rotating said contin one
. increnent each tine that a dose of the powdered materi 'mﬂm '&6&@ rﬂl)
di spl ay another one of said counting indicia of said co

ring through said display nmeans, and for tating said intermttent counter

ring one increnent every predeterm' ned nunber of rotational increnents of

Cndi ci o MERen? EBhterrindtor ofdenf' $hid BBRHGGGPEuer FRGRO RGNt ;|
pawl neangathdimel tit a dose of the powdered matéﬁapist(ﬂépéwééd tbaﬂ Pﬁayaéh&ﬁéﬁf
surface and an inner surface, , egral ly nol ded

as a si ngPaemfaaid gounting indiciece! said captingeus spunmtr@g ﬂmmgh satd @sgagenent

B, g3 gRa S RahoERCS B PO U Rl Sl |,

nol ded as ppeddteghined maabel bh rétatiohaniecrernentsoss safud BNtNQOLS covhtdr, ririgdr
bi asi ng said_paw neans |nto engagenent with said gear teeth of said

cont i nuou®e dispiAernetheg orgPfsaid coHptingHndiciatof Saikintermitiegt ceunter singl
Spring exyqRibA%Ad Yikhidy ST dafd TR Fhedhs @Ry

an outer wall having an outer surface and an inner surface,
~ a pawl, integrally molded as a single piece with the outer
surface of said outer wall, for engagement within the gear teeth of one of said
continuous counter ring and said intermittent counter ring, -
a pawl spring, integrally molded as a single piece with the
inner surface of said outer wall, for biasing said pawl means into engagement
with said gear teeth of said continuous counter ring and said intermittent

counter ring, said pawl spring extending along a generally radial direction.

——
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{54} Title: POWDERED MEDICATION INHALER

(57) Abstract

A powder dispenser includes a reservoir bedy including a supply of
powder and an inhalation condnit:  driving body for rotating the reservoir
body and including upper recesses and two spring fingers in lower driving
recesses thereof; a rotatable metering plate for carrying a metered amount of
powder from the supply to theinhalation conduit, and having an underside
with ribs; a gas permeable retainer welded to the ribs; a spring biasing
the metering plate toward the reservoir body; a nozzle having spiked ribs
welded in the upper recesses of the driving body and including a chimney
with vertical flutes; an adapter non-rotatsbly mounted with respect to the
metering plate and including two locking recesses for receiving the spring
fingers for locking eagagement and two helical cam tracks with a square
cross section; a closure cap covering the driving body and including priming
ribs biasing the spring fingers out of the locking recesses and engaging
with the Jocking recesses to rotate the driving body, and two cams riding
within the cam tracks; a base non-rotatably connected with the metering
plate; and a counter rotatably mounted on the base and including rotatable
counter rings providing a viswal count of the number of doses of powder to
be dispensed, and 8 pawl assembly engaging with gear teeth of the counter
rings for rotating the same, the pawl assembly including an outer wall, a
pawl and 2 pawl! spring integrally molded as a single picce,




