Power inTaler The present invention relates to a deaggiomerator

arrangement for deaggiomerating a powdered medicament and to a

powder inhaler comprising such a deagglomerator arrangement. The

administering of a powdered medicament preparation by inhalation from

an inhaler is commonly known. Multiple-dose type powder inhalers

comprising a powder container and a metering member which measures

and dispenses a unit dose are also known, for example from patent

publications GB 21.65159, EP 0 079 47E, and PP 0 166 294. In these

devices, a series of dosing recegsgs are petched into the surface of a

cylindrical metering menthes, and the said member is disposed in a

chamber of precisely the same shape. When the metering member is
Throtateds sthie dosimgrescessestintunpwill rovefirstes atpasidondngenent for
q-alignment with, ., the powder.container for being filled and thereafterio.a. »

POsi- tion in alignment with_an inhalation channel, whereupon a unit dose
CORRIfat B} g%\%/ frofthed6EinGTrecess intd the'mha: 'Teflon channel.

rnhem-r=-Pl-crdose of medication is 'nbaled from the inhalation channel.

These devices have the drawback that they make overdosing of the ‘
ThiedReM FossTte By AIVMRGTHE HidFehsiig of b PHRIRTE dbsas iy +nha-
1=sticeassiommintonthenhaler is commonly known. Multiple-dose type

powder inhalers comprising a powder container and a metering
| member which measures and dispenses a unit dose are also known,
for example from patent publications GB 2165159, EP 0 079 478,
and EP 0 166 2%4. In these devices, a series of dosing racesses
are notched into the surface of a cylindrical metering member,
and the said member ls disposed in a chamber of preciseiy the
same shape. When the metering member is rotated, the dosing re-
cesses in turn will move first to a position in alignment with
the powder container for being filled and thereafter to a posi-
tion in alignment with an inhalation channel, whereupon a unit

dose will fall by gravity from the dosing recess into the inha-

(]
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lation channel. Thereafter the dose of medication is inhaled
rom the inhalation channel. These devices have the drawback
that they make overdosing of The medicament possible by allowing

£

the dispensing of a plurality of doses in succession into the



2 inhalation channel, whereby a multiple dose may be drawn by one

inhalation. inhalation devices having a metering plate movable between a

filling and a dispensing position are described e.g. in patent publications

WO 92/10229, US 5,113,855, US 2,587,215, EP 0 546 996, WO 94/04210

and US 5,161,524. A further example of prior art devices is given in WO

93/03782. However, these. devices alsa,suffer from a drawback that they

make overdosing possible by allowing the dispensing of a plurality of
indGestihee tisd R AtiorERaRTRY. AttBbEs Phvedesen Iaden Sewerthly one
impreblemdyy. using inhalers or dispensing systems in which the dosing

recess will not be emptied into the inhalation channel by gravity but,

1dnstead; the dose Af-medication is inbaled direcHy. from the dosingtecess. »

,s}uc,h recesses having been notched into the surface of a metering
Eimdmibera e maSRy nenh MRy habedhe drirdoPs tyfinder, Hedigent
pulrla trancated @m%a’ﬁdﬁ%l@_sed&n @amm,mwicalmnx,\ﬂ@l 92/)771 and
eV 9210%%22. Rythermgie.ip these 19'5"5‘3,9?6ir,‘%:i%e.te;&'”gu@g_ﬁ“ebrereéample of

having the shape of a cylinder, a cone or a truncated cone is disposed In‘a

PTHIMBE hAGHG Freciselytheane sHapa3VPReh the fretering mehfss. ide-
viotated the dodifigretessesawill:aeowe fixstdiosa positipminalignraeabwithy
pdlie fedicament capalger ol TG, andiende thejphalelion enamiElse; snto
which is shaped so thaf the respective dosing recess will be emptie
ERfdEr iR BHeePof #i&*aiRflow being inhaled,- and thereafter, having
rotated through a full 360", back to a position in alignment with the
Apfedieamertcontaivier. el ober sukfee etdfitheceiverhber alluynayalsohalers
ohayespranptying apertue fromwhish any pewdsred-medicament not bpe
.Possibly left in the dosing recess will fall out during the said rotation. 3 In :
“{FE T8 apenont BRVE oL Tt Abovt THE HEEnEs Yomrhes-2: <5
dfiflimgPosiesa &3 taeinhbfatiopesitioA s kssithafr9o ofeecirkde e, recess,
soince-the:materingvnenbeeis, forpuwpesesafdnetring, precisiops 2 metering
disposed within a chamber of the same shape, and sjnce it has to be |,
o th 00 I000, BTN S (B3t 570 ar IReUL Tor i Belar™cw 2
cHifction 6f thednhalsrdininese devicksssadierss will previtablysfallloma thens
welide sudface hetween the meterng memberand-the chambes-Thewaks, the
t}}e ratation of the i%@%sen%i ive etering fmembcir. W(i:“ be disturbed and
me erlng Ikr;ember I]% e %t]lal%e a .c in %r, .8 cone. or a
may even be completely obstructed. The meterln(f;/ member janmino inside
THE ERA&PBeF WHE hifd & 5@ ARTdioing of Bi&RfHoleaielvice rigeiGes y the
sehakisgaydapping.wilbeniniease thejapming asmareowder 8ewWsng re-
cg]st%ége vggf)lb%tx\clavveeenfghgsc@ atr%b%r %%(js;[.r%:en_g?netfrﬁln Tgn%%%t with the me-
. dicament container for £illing, and then to the inhalation chan-
nel which is shaped so that the respective dosing recess will be
emptied under the effect of the air flow being inhaled,. and
thereafter, having rotated through a full 360°, back to a posi-
tion in alignment with the medicament container. The lower sur-
face of the chamber wall may also have an emptying aperture from
which any powdered medicament possibly left in the dosing recess

will fall out during the said rotation.



An improvement of the powder inhalers of the prior art is suggested in EP

0 758 911. The described powder inhaler comprises a powder container,

an air channel through which air is drawn via a mouthpiece, and a

metering member equipped with a dosing recess, the metering member

being movable in its longitudinal direction between a first position, in which

the dosing recess is filled with powder coging from the container, and a

second position, in which the filled dosing recess is brought into the air

Thdifel* tHé poRflerbanyriidttaiieUiAthe fecss bptha opporttdithéi stance
recessipotiom land theairtchannebbeing direcied ta siroduce: the,airflow <
+atg theybogtem. of the, dasing recess during inhalation. whereby the powder

is released directly from the ddsing recﬁf’egig1 Kc%%%d‘lr% i} tﬁgné%rdtégs’ tor pur-
BRAgRrUf AR FridR&t BBEGREREthe FherRTFRAMEMEis @ metaliag stip the
swhichsisadisposed op-anftat surfacesand mavesalang said flatsurfaggs, or
When g}gviré%ggt the filling and the inhalation positions, the meterin
‘?Tstjr[:p travels over ;I%\%E&rﬁﬁ% o%r%%r?én S vgv%(ia’ch ﬁ:rﬁ’éa&n)fﬁ%ﬁﬁe?“ of the
5SSty reMairiiRe BetdREF iR etk steipvaind thenftatiswifdce Fall falbnto
t@iﬂt_ t?“-.‘i"‘@h il‘%ﬁﬁf@fu%m@éﬂ Eﬂwdﬁétpt@ﬁ E@IIS%%H_H@IW ge{adp@{gtlyahamber.
wsalisfying for the following reasans, e, e inhaled air flow is directe

IQ% Eé inally relative 16 I%hg%mquﬁ na ‘S%Fllp InRRSeondifioR Piuth the member
vdedgdtedativhsTAe ppiiierandaheryentovabad tise powderedructed. The me-

weedicamenbiem; thexnateringstep ynthednhaled.aiy flow is;nateffigient. .
tl\n{lgque(%lvercb fn {%ovvvv%eorlpeos%prl}/[ Iceg‘t a{}er the inhalation will remain in the

air channel until the metering strip agal? McUed ABAG RS 1Rt strrErmte =11
YReir BREAREEdiHITY A FubSEguEnt brtatiormsiecess oThisiremaitirg gap be-
pawderseulshbesseidantalhishaledhy the patient. FurtheLmore, the

Powder remaining inside the air channel may deteriorate due to the fric-

tions hgtween dhe syraces egmgyogﬁgaam@,@ff%ﬁbsrgéeb&efgy%“q sug-
res egt to ch)\é}vder%nhal%rs Is that a sufficient deaggregation of the pow&er‘
et the Femovalof the powdere meaRAFTERDMRY FrorrPrlPRteARg Tises a
naEaiserdey: teel inkraledeair ffow isnotrsatistactonyin thepowderinhalarsef, via
dhepriorartt is gaperallydnown %Qﬁ%é%ee‘%fﬂﬁg'&@%ﬁ%pa”%%ﬁng re-
or

[
cse!]soéjld eel-5 rtnicrons, %{eferably -3 microns, for the best possible \
penetration into their deStRaten, Te dBePINR tHe BRgsThensstudinal di-
RFHFRON AREtERRY devitista socealtedinhalation Aerosolavhbishis guitt-ess is
readiy capable ef,rraching, the,optipal Eﬂ@'ci%ﬁ'@giﬂéé‘?dg{%‘ 0 cecona posi-

inhalation aerpsols, .an increasing number of powder inhalers are \
tpj?glslénﬁ)r/liﬁ’%lsghazd %sglojf S Centai BEnkfites 8% theRs AR el forthe air

Crreedestibyingprépelldsts: sloweverraneawback of posvdersinbalensds sup-
ghata powderegd-medicamentissuing framdhe po V@\%ﬂﬂ@?'%ﬁi‘l@% i&{ﬁ? Qected to

large garticl%,size. .Thug, most of the medicine dosage coming ou
Il Quuce ne

iNRalers is retainéd in UPPEr redpiratoly paRkagBs Which wiRTeHaiRecess dur-
Ihediciies; addrrsases@ivus sideraffabts. The médickwidosagesly from the

dsasligd-foraifferentishalation wediGameibacy ConSarabl e, oo are
ds:rg%lrlneesrgtbelgg apIg)rQXImately 0,01 mg and the largest 20 mt. When smal ’
amounts 6f medicing are nieferéd - S & metering strip which is die-

posed on a flat surface and moves along said Fflat surface. When
moving between the f£illing and the inhalation pesitions, the me-
tering strip travels over an aperture for remnants, at which
time any powder possibly remaining between the metering strip

and the flat surface will fall out through the aperture. This



5 powdered form, it is generally necessary to use some adjuvant or

carrier, so that the sufficiently precise measuring of a dosage would be

possible with the present technology. No matter if the dosage comprises

just medicine or has a carrier admixed therein, the medicine .dosage

substantially comprises inter-adhered particles and most of these

agglomerates are too large to penetrate into the lungs. As the

agglomerates are released in a powder ifihaler into an air flow directed
PipitlEie Liigs- 6fra patientl tera atill ooot somley dispetsalafthesepartisler o1 -
1denesits;sald diapersg) resulting from the formudation of %9%%’?§£gdlongitudi—

nn@ﬂicamﬁnéand the Construction of an inhaler. It is known that

onstricidhs r8atiRg bty R BORNEE R cafate bt niorcét featieth the
dsalverzatidhom prictices hpweler, aogricrknoswopander inhalatefidered me-
asteueiure andior medicinedormulation has produced results that wauyld be not
e%ual o those achieved by an ordinary inhalation aeroso _C}t Ras been
*SUggestat-ad’s PEriRSoILDH (AYAfaIRRGS SRouIdH5E effetted witreag nhala-
tanrhvibide asmassible; wiereby theliuridenceand pulverzation 9f strip
aBarticles wauild.accardingly be mog effective, However, aquick inhalatign

is difficult for a person suffering e.g. from serious asthma and, on the ng a
SHHRET Baft: aqHiek MHaPRioFincresse e rasriiad H-DppePrespiratonid be
a?svactt@?émbldfingmhﬁlmﬁesaﬁuwimﬁmmtlagwﬁﬁ?e{éigﬁi&iﬁd@@ powder re-

[ rall ben rginal. Excellent Pulmonar ,
mﬁéﬁgﬁgﬁgrﬁg %iggr% togt%g a%ﬂhge%gl?egé ymé%i%?ﬁ%éjn atJ(E)ethCe?uuep[:\)t/éjr the fric-
CreRDiratoRAF At MashEehaisieved by slow inhalation, corresponding to

a flow rate of approximately 3D 1/rain or 0.5 1/sec. Finnish patent
AEpPIRiatiotiRe. 8PPUS0 disclbseshepowddr intalatorwhichkas beenpowder in-
hd&ﬁfgﬁedsinﬁﬂseff@rtMﬁﬂ@@@r&C@@&B{g@é@%@@iwb%&r@@ef%owder and the
ARulyeri in%a%g{%megatciggrse(g me i‘céne. TQe centrally directed deflectors

inside the device or the helical ChUte are expidin€d 18 set te Hiefdk i = 0o
TSHRRTRGShEDE tioh avhef itheffrdidinerparticles ierftrappey in the iy powder
iabrade-as aresult of cenrtrfugal force against the walls of the structure as

well as collide with each other with resulting pulverization. The device
rdescsibechin-the Giteghapplication hasbegn marketed;under the tradename
JJurboh Ier%:(gr%gokSWeden , and the pulyerizing structure therein is, as

deScibed above, & RefiCaT chitdF groove. 1 abdrafdrg teststiBidatedRREE POs-
Sthisl devieedtath blalativelycg ¢oe pulverizationtafoagglomerates of into the
meglicinewdich howeverceould:stilibe impraved and intensified Ip view. ; . ; o,
a%frtgg ‘uler.ié%{iolpsof %%gltgmgr%:%slor accumulations of medicine, there .

are a rew defscts in this device: The ReEAIgo6ve hasShtheiGerthe optimal
Pefestlan vpef spteshadinytlesstair tesistancidthandnsidel e g0z reasing
rAceardinglypthediow raie of airand ceptrifugal foree, on the circumierence. |

9f the graove are less than thegreticajlg possible. Since the particles
advance in the groove Tnder A16Fce cau88d Byar rédiskifieafgstroying
PEsmAfugdl fercefierds ®orpush trepasticles perpeddiculays e the is that =

eiigamniesential tangent: thesactual forcsrapplied g the padiclesis 8.5 5 o0
resultant oLtheie forces an%is applied die;}gonaﬂly relative to the

GrlimfeTantial tangeAt Thad the BSftHifdgal RS FESTIiRG fARAAAE coming
oinRigimotion canhot e btilized in fullextent festherpulverizationtfes which,

vacqunadlations. neall deflestor structures accordipgdodhgcited: . oo oo
application, the particles e,scagJe from the device within a few

RGUSARAHS Cif % secbmPWher-USiRG Sorvertional Mialation FatEeet cament s
v30-90dAtial and thatis atvery shott tme foriarweHective: pubverizatione They and
diesidence-time candye prplanged..0.9. ydncreasing the number ot helices .

in groove portions or the number of separate deflector structures or the

length of zigzagging air flow channels, but this would complicate

manufacturing and cleaning and medicine residues in the actual device

would increase. 2:v5 ter all, cleaning of the structures disclosed in the

cited application is difficult.



7 EP 0407 028 shows in its Figs. 5 to 7 a vortex chamber into which an

inlet tangentially directs air with a pulverized medicament. The dispersion

air/medicament leaves the chamber axially at an outlet . Nothing is said

about the diameter of the chamber. FR-A-2332556 shows a cylindrical

vortex chamber closed at one end, operated by the action of inhalation

and having one tangential air-medicame,ant inlet duct, an additional

tangential air inlet duct and an axial outlét duct near the same end of the
POHAITHRT ak¥H@ infet diict TPRE Bty isforsrehby attubedikescomnectionvant or
cexteneing beyendthezoneefthe;inlet dpchand;impeding the Air flow., dosage
wNothing is said 2 gLn about the diameter of the cylindrical chamber. .

Moreover, in ?h;‘% &vice describedin BP0 AP7 22l pbwdipegatier if the
dRRFcarfienp e Aded Yok intedativmis pulverzed oretheibasis @haxed therein,

tsufficientlyiprwedybeenisitugal farce prior to.qr, durng inhalation. .Th -
cgeer%trig%%al for%e IS pr;&gjuced by the actign of ir£15h:;$;('%|1'[gi§n.@L lA%%%yW(%ecri'-éa%d parti

medicament is entrapped in 2GS RERATRF fGreadiAa s@sstantiypene trate
igikculaher tompgionally syhmmetrichdspaseds such aebwesht rofatingpowder in-
henosion thad anrefiactive spliting of acgumylations. Omfﬁﬁédgg is obtained.,
tEhirseis efEelcteq in a rotationally symmetrical chamber whose arge%t ‘ !

intermnal diamets Car BB Frith STAg bptimitedianast sFie vomerits, said
dékamber bperatiig byahémstionhsf inhatationtiscl0-20 rangbihe-giamates i ca-
nisHeCEsaseth dhe subverization. effectdeterigrates in amapner that, with a
sgiggn ter of more than 30 mm, the pulyeri dation effect is no ?onger

SigRTTICARt. From £P 07665 305°RFuHhEr powdt inkSleF 9 RAGRN Whihre of-
Tesmprisesw rradicarnent container for storing a dry powderoci

medicament, a mouthpiece being covered by a removable protective cap,

Tangzemovable dosingeslidenbavingea desimghcavinuto-be placed o structure
a%%@%’é'&&me%8%83QEEho%”}%ds'C%@gQ&cCgQ@Q%ﬁ O{sﬂ”{‘.hat would be
equal to those achieved by an ordinary inhalation aerosol . It
has been suggested as a partial solution that inhalation should
be effected with as much force as possible, whereby the twurbu-
lence and pulverization of particles would accordingly be most
effective. However, a quick inhalation is difficult for a person
suffering e.g. from serious asthma and, on the other hand, a
quick inhalation increases the residue in upper respilratory
tracts. According to studies, pulverization of agglomerates is
indeed intensified but the overall benefit is marginal. Excel-
lent Pulmonary penetration in relation to the adherence of me-
dicament to the upper respiratory tracts has been achieved by
slow inhalation, corresponding to a flow rate of approximately
3¢ 1/min or 0.5 1l/sec.

Finnish patent application No. 871000 discloses a powder dnhala-
tor which has been designed in an effort to produce a clearly
defined turbulence for pulverizing agglomerations of medicine.
The centrally directed deflectors inside the device or the heli-

cal chute are explained to set the air flow in a spinhing mo-



8 trig. With opening of the protective cap, the movable dosing slide with

the filled dosing cavity is pushed into a shutter, and the dosing cavity is

closed thereby. Upon a sufficient suction force generated by an inhalation

process, a valve, shield pushes away the shutter, and the dosing cavity is

released in order to enable inhalation of the medicament powder.

Furthermore, means are provided for engbling the return of the dosing

slide only after a correctly completed inhalation process. A recording unit
tiegordé e R ber Mttty patsrried sshamtionsand blockstheair albrade

apowdesdihaleaiter-a predetesmined sumber elinhalations; Between the, o
< Inlet and tgeﬁutzli%t of tEEinguthPtiagce a Iabggnthine atomiser path for ‘
- de fion is providedS 3G T HEehnicar Brotigh-t1ng pulveri-

powder deagelomera
zgipdenyifgthe prasarst iAventidiisita provide aldedgglopieratarion has been
maFRBgEMet ddich allows animproved-pulverizagon I%Qgg I,‘%%@é%§ ,Ofarnd

tkgalepowqered ,medicanéent. Accotrding to the present invention, this object
is adhieved by & deaddiometator AFARGBMEHt ASdEfmsFBy fitepReitent:
helaimal arhatisowdegindeier.hdvhgsuohra deaggiomethtesagangeaenh i s
adé dletinackin slajants. Tae dependept daims, define, Profered 0d. -ococ o
€

advantageous embaqdiments of the present invention. evice o

e present ThveRtioR AETVEFs cORESTertTES0dRSr b HBES Yafics thffRes 1~
fpatientlacrossa willebiamgedfpressate drops. Rogexample; betweer @miala-
+44ni8 ard9Q{min the fine particle fraction, 4 Measure of Bulmonary,

b gfnetration varies by less than 20%. Furthermggegt?tf%ljiS’et Beggﬁrﬁaﬁgéxbcnﬁy The

Feduitss BFow Work iibdttrSRhE S etient With B9¢ dRVicRRfsingRARRIfidd i g

las=a low tomedizimeresistanoe devitée the groove. Accordingly, the
flow rate of air and centrifugal force on the circumference of
the groove are less than theoretiéally possible. Since the par-
ticles adva;nce in the groove under a force caused by air resis-
tance and centrifugal force tends to push the particles perpen-
dicularly to the circumferential tangent, the actual force ap-
plied to the particleé is a resultant of these forces and is ap~
plied diagonally relative to the circumferential tangent. Thuus,
the centrifugal force resulting from the spinning motion carmnot
be utilized in full extent for the pulverization of accumula-—
tions. In all deflector structures according to the cited appli-
cation, the particles escape from the device within a few thou-
sandths 0of a second when using conventional inhalation rates of
30-20 1/min, and that is a very short time for an effective pul-
verization . The residence time can be prolonged, e.g. by in-—
creasing the number of helices in groove portions or the number
of separate deflector structures or the length of zlgzagging air
flow channels, but this would complicate manufacturing and
cleaning and medicine residues in the actual device would irn-
crease. After all, cleaning of the structures disclosed in the

cited application is difficult.

'



In the following, the present invention will be described by means c_)f a
preferred embodiment with reference to the attached . drgwmgs. Figure 1
shows a perspective outside view of a powder inhaler Wh!Ch can be Used
with a deagglomerator arrangement of the present invention, Figure 2
shows a Perspective view of the powder inh e.r 1.4 en cover thereof is
opened, Figure 3 -shows a top view of th_ze powder inhaler yvhen the cover
_is opened, 11 Figure 4 shows a nerspective view of a dosing .
EP5Gh-485emisi§ o iR Sowlet il FighresssA andveh shewsperspectivet o

whiiens of aidosewauting subassembly of. the g@WOll@% WGA%ENH%@% 84 me-
- i i - m ,
di ég.qngié hOWhCéO §_ ss ggkosniaolr\w.l I%Vy.sr Iggc]i% g gr%zlenrgts ? a a%rsg g thg chambe r axi-

ally at an outlet. Nothing is said about the diameter of The
chamber.

FR-A—2352556 shows a cylindrical vortex chamber closed at one
end, operated by the action of inhalation and having one tangen-
tial air-medicament inlet duct, an additional tangential air
inlet duct and an axial outlet duct near the same end of the
chamber as the inlet duct. The outlet is formed by a tube—1like
connection extending beyond the zone of the inlet duct and im-

reding the air flow. Nothing is said again about the diameter of

the cylindrical chanmber.

Moreover, in the device described in EP 0 477 222 a powderad me-
dicament intended for inhalation is pulverized on the basis of a
sufficiently powerful centrifugal force prior to or during inha-
lation. The centrifugal force is produced by the action of inha-
lation. A powdered medicament is entrapped in a gas flow and
forced in a substantially circular or rotationally symmetirical
space to such a powerful rotating motion that an effective
splitting of accumulations of medicine is obtained. This is ef-
fected in a rotationally symmetrical chamber whose largest in-
ternal diameter can be 20 mm. The optimum diameter of the vortex
chamber operating by the action of inhalation is 10-20 mm. If
the diameter is increased, the pulverization effect deteriorates
in & manner that, with a diameter of more than 30 mm, the pul-

verization effect is no longer significant.

Fromm EP 0 B65 302, a further powder inhaler is known which com-
prises a medicament container for storing a dry powdered medica-
ment , a mouthpiece being covered by a removable protective cap,
and a movable dosing slide having a dosing cavity to be placed

unde rneath a funnel outlet of the medicament container for fill-



Figures 7A and 75 show cross-sectional side views of the powder inhaler
when the cover is closed, Figure 8 shows a perspective side view of the
powder inhaler without side labels when the cover is closed, Figure 9
shows a perspective view of an inhalation actuated mechanism and a
dose counting unit of the powder inhaler, shows a partial cross-sectional
view of the inner con-of the powder inhaler upon inhalation, shows a
_ perspective view of the inhalation actuated and the dose counting unit of
Ingridiife™ WSkl SsHovws ayserspaétive view: ofthe imhataition attaated
s11a8dithe Hosecognting aniof frigure, 9 after closing ot the powder inhaler,
.Shows a 'perspective view of a.slide of the powder in-
anavt%e. Lol nc? cav%ty 1s closed tgezpe%y. Upon a sufficient suc-
tion force gensrated by an inhalation process, a valve shield
pushes away the shutter, and the dosing cavity is released in
order to enable inhalation of the medicament powder. Further-
more, means are provided for enabling the return of the dosing
slide only after a corresctly completed inhalation process. A re-
cording unit rscords the number of correctly performed inhala-
tions and blocks the powder inhaler after a predetermined number
of inhalations. Betwesn the inlet and the outlst of the mouth-
pliece a labyrinthine atomiser path for powder deagglomeration is

provided.



Figure 14 shows a perspective view of the cover of the powder inhaler, 12
Figure 16 shows a perspective view of a mouthpiece of the powder

inhaler, Figure 17 shows a top view of the dosing sub-assembly shown in .
Figures LA and 63, Figure 18 shows a perspective view of a slide spring

of the powder inhaler, Figure 19 shows a perspective view, a
cross-sectional view, and a front view of an inhalation actuated member of
fHecinFrFaticT attatet it cHanRm YEiglure'20 BREWR ™ pefsfséctiveviedy ©°
of a ,rgtectivg member of the powder inhaler, nich all . q
proviae a eaggiomerator arrangemen wnicn a OWsS an 1i1mprove

pulverization of agglomerates of a powdered medicament.

According to the present invention, this object is achieved by a
deagglomerator arrangement as defined by independent claim 1 and
a powder inhaler having such a deagglomerator arrangement as

defined in claim 16. The dependent claims define preferred and

advantageous embodiments of the present invention.



Figure 21 shows a perspective view, of a resilient member of the
inhalation actuated mechanism, Figure 22 shows a front view, a
perspective view, and a rear view of a units wheel of the dose counting
unit, Figure 23 shows a rear view, a perspective view, and a front view of
a tens wheel of the dose counting unit, Bigure 24 shows a perspective
view of an idler wheel of the dose counting unit, Figure 25 shows a
perspective view and a side view of a coupling member of the inhalation
actuated mechanism and the dose'counting unit, Figure 26 shows a
perspective and schematic bottom view of a deagglomerator arrangement
(cyclone) according to an embodiment of the invention, Figures 28A., 283
and 280 show a perspective view, a bottom view and a top view,
respectively, of a dosing sub-assembly of a powder inhaler according to a
further embodiment of the invention. The powder inhaler shown in Figure
1 comprises a casing with a lower shell 1 and an integral cover 2 being
pivotably or rotateblv coupled to the lower shell 1. In a side surface of the
lower

The device of the present invention delivers consistent respi-

rable dose values to the patient across a2 wide range of pressure

drops. For example, between 30 1/min and 90 1/min <the fine par-

th

ticle fraction, a2 measure of Pulmonary penetration wvaries by
less than 20%. Furthermore, this performance only reguirss a low
work input from the patient with the device being classified as

a low to medium resistance device.

In the following, the present invention will be described by
means of a preferred embodiment with reference to the attached
drawings.

Figure 1 shows a perspective outside view of a powder inhaler
which can be used with a deagglomerator arrangement of the

present invention,

Figure 2 shows a perspective view of the powder

cover thereof is opensad,

Figure 3 shows a top view of the powder inhaler when the cover



shell 1 a window 4 is formed for displaying numbers of a dose counting

unit which will be described later. As can be taken from Figure 2, the

integral cover 2 can be opened to reveal a mouthpiece 3 with which a user

can inhale a powdered medicament. At the upper front side of the

mouthpiece 3 slots 6 are formed which allow air inleFurthermore, at the

upper side of the mouthpiece 3 an opening or a hole 5 is formed which

allows to view a visible mark or flag showing if a dose is ready. As will be
Fdescribed kdter shis flagrdiseppears uparvinhalatien sheying:thatthewly o £
EesPeslive dosghas been taken. The structure of the lower shell 1, the

integral cover 2 and the mouthpiece 3 can also be taken from Figure 3
ngghe%h%\gs antgp5\éiev¥§£ the 1g\évdecrJ{i‘nh_ale‘rr.,Iri ’Figur(_a 3 (andin Figurg

8 the integral cover 278 Shown without Side 1aByrs Which afetfeficieating sub-
AERfRIFES 1 &fd RhThesedife [Abbislsrevent access to profiled cam tracks

being described later so as to protect these cam tracks from dust etc.
FRigure 4467 igure 55, asidorigure $6-shove penspectivesdews aftbedatedtgl s-up-
agg\é%ﬁ,ytpe lower shell 1, and the mouthpiece 3, respectively. The lower

shell 1 and the mouthpiece 3 are constructed such that the mouthpiece 3

snap-fitted .onto_the lower shell 1. From both side surfaces of the

Et%%vrvale%gs%el 1 ‘|?Jﬁ%e'(%]onssghgr"w bolfs extend WhIG aeEnS&éi? with&8pREtivee powder
LESHa opdtiRg St bepvside Stirfates st the integral cover 2, thereby

allowing rotational movement of the integral cover 2 relative to the lower
Flwire. Astapvise seprefropeFigure kadd Rigare 38F hthedsiegral covele -
w2 is:elosed:when itsdwer surface rests an the.upper.tim of the lower shell

1, and the integral cover 2 can be opened until its rear edge abuts against

rheunderside of the lower shell }\Xgegil:ei%]ucr)% 2), At both side surfaces of

the integral cover 2, Gpenings 31 having the shape of profiled Garn Gacks"e
WhthParétBtipkRr R (ojdctivhs28 of avSiruttieriresiiee
15, a perspective view thereof being shown in Figure 13. This kind of
FesipimgtBetiverptie inttFacover s andehe istidell 5ndivbe fescebedner con-

staterdn detaib AWVithin theweasing anditbe loweyr shell b, Lespectively, there
are two sub-assemblies arranged. The first sub-assembly is a dosing

rslab-assembly &3 whichdn pasiculae meters gpqwderegd medicament tuated

rrvé@ilnea%he second ‘sflljb-agsembcly is a dose counting subassembly 14 whic

|
56 A Wit hsBRafishT antl 4 4848 TotniRgTuNERsL 2 —

i L an T 3
comprises an inha ationt actud
t@&inting the number of doses taken by

Figure 12 shows a perspective view of the inhalation actuated
mechanism and the dose counting unit of Figure 8 after closimg

the cover of the powder inhaler,

Figure 13 shows a perspective view of a slide of the powder in-

haler,

Figure 14 shows a perspective view of the cover of the powde x

inhaler,

Figure 15 shows a perspective view of

uil
T
Y]
H
ct
O
Hh

a casing of the
powder inhaler,



the user. Figure 4 shows a perspective view of the dosing sub-assembly
13. As can be seen, the dosing sub-assembly 13 comprises a container or
a reservoir 7..for storing a powdered medicament, the above-mentioned
slide 15 shown in Figure 13, and a deaggiomerator arrangement 16 to be
coupled to an inhalation channel of the mouthpiece 3. A spring 17 is
clamped onto side projections of the dosing sub-assembly 13 such that it
holds the dosing subassembly together. Figure 18 shows a perspective

Fivheﬁl% of the. 3BrNg %é.%gg%@&%%s" ;seendhe spring, 1 comprisesfour .

esilient side spring members, two spring members being fixed to the rear
inBdednd two sprino members being fixed to the front side of the spring 17.

- All four spring members extend in the longitudinal direction of the spring
FigZrsuchiythsib their frebends aesr aninged ines middieyiortienoiithe sgrimgn in
Fi%Zr, Qegg string %@,mbers apply a force to the slide 15 suc;h that the slide

5 is continuously urged against the underside of the dosing
. sub-assembly 13. From the rear side to the front side qf the spring 17,

LR §x§e5%5¥ 8i aadifionabreshient spring r%gmabgﬂv%%%hsfprglfé gt the pov-
degeparaédorce to the longitudinal middle region of the slide 15. As is

shown in Figure 13, in this longitudinal middle region the slide 15 has a
ridasmgrecessds ia the forpeaftd dosingeeyp formetering atdosesaf thesw, and
= Bowtlered Medisaraent andl ol tianenotting he dpsgdia Afilind Posiian. ;o

underneath the container 7 to an inhalation position underneath the
acgeaggprie@icerPingement 16. The above-mentioned separate spring

mernber extending along the longitudinal middle region of the spring 17
F'ignsareXithab thesdosing ¥emsstiyis reliablyopressedcitainsthemember of the
pokaderside of the dosing sub-assembly 13 if the slide 15 is in its inhalation

Position so that the dosing recess 18 is properly located under the

mgmg'@mﬁmy@%@%@&@ﬁé lready indicated ahove, tﬁ%%ﬂgg 13 the

serves as a metering member which can be moved in the horizon

s

ingreeiiorPiroRTa ARt pdRRIOMASHGEM in Figure 6A to an inhalation position
shown in Figure 6B. Thus, the slide 15 is slidingly moveable between the

Fifiling pdsitme Where tHEOEGSING $Pcess PEUSHSEReUINUEHeatng dositgr

viQReringofthe eantainer’ axd facesidhe desing opgning: and the
inhalation position, where the dosing recess 18 is located underneath and

rifaes ansinbalation ppening ofitbe deagglomerator.arranggment, 16 which,

iS in commu- cation with an inhalation channel (to be described later) of
vyﬁ%lﬁguﬁuﬁg&§3wheel of the dose counting unit,
Figure 24 shows a perspective view of an idler wheel of the dose

counting unit,

Figure 25 shows a perspective view and a side view of a coupling
member of the inhalation actuated mechanism and the dose count-

ing unit,

Figure 26 shows a perspeéctive and schematic bottom view of a
deagglomerator arrangement (cyclone) according to an

embodiment of the invention,

Figure 27 shows a cross-sectional view of the deagglomerator ar~

rangement of Figure 26, and



As is shown in Figure 6A, the container 7 is a container with integral

desiccant. The container 7 comprises a medicament chamber 8 storing a

powdered medicament and a desiccant chamber 9 storing a desiccant for

absorbing moisture that may have entered the medicament chamber E.

The desiccant chamber 9 is separated from the medicament chamber 8

by a separate Permeable membrane 10. This permeable membrane 10 is

of a different. permeability 16 than the permeability between either the
Flgugieeantor thé HHeareantht t6 e cutsideawenid: ifte peimeabiliyofthe view

anenembyane-18 6an beschiavad for exampladay making itof a gifferept o, -

qematel ialland/élnéacéhigner s%ction an he main body of the container 7.
Foils 11, 12 &€ U886 16 Sealbdth the MHeticAmeRt RFaberf sHfd the ention.
desiccant chamber 9. As a matter of course, other suitable sealing means
T RPBE B e TS Sing B0tR cHank BE7E8 10 3wl SHite aboeeing with a
Lodescrityedl integrahdesiacaniteystem has the following achvaptages The rorata—

1desi as anl t dicament chamber rather than the
ol\%h%% %g%il%:e? %h g%%c?&?éé% %egs%%gcgégﬁned%c?nlg%rosdl FAaFe AndCost.tover

sheditherfioféAe Hedict antiRARAyESe dlédrTais neansithartheof a dose
codesitoantwiltstitheceffective exeniddhe nover isleft-open. The desiccant
is stored in the separate sealed desiccant chamber 9. This reduces the

astisk of incorreebassamhlyst the-desiccant used the same glosure as the |
nae(%ic%rglent. I\e/lgﬁeover, the integral container 7 comprising both the
[

P hedicament chariber § ARt thedasiccaithaberotaiise can inhale a

PomRmEPattired asingri2-shot pivulding: T his ensuresia gaddseakhefnesnece 3
s1@@Sm@dmﬂ§mﬁk@mQ%ri%ﬁngltmgmﬂeaﬁ;igc%rﬁtfé‘@.m@%&%y@éi%‘é’,%?d%%t the
ng the

cost. Finally, the foil sealing provides a tamper-oroof means of filling
“FHevice J\’/v(?t %hjgg e ic%?nuetr%%recﬁ%g Whth WS GRerg Yo pethfeabifity afermed
virsHuires oWy little prodiicespaceitAS isrshdwarin Figares6Avand Figure 6Byse 1o

rethe/megicament cgambes3-hasa gradually.decreasing grosszsection |\ .
haqlla_ia{r}_e(;[er from its toq fo ifs bottom so that the medicament chamber 8 is”
Shaped like & furiel sUpporting an easier iMing Brth8 Hodiigreéessrs
through the dosing opening formed in the bottom of the medicament
Thehal’é%&;:*é,}r% o% 'gh

sh e Tower shell 1, the integral cover 2 and the
mouthpiece 3 can also be taken from Figure 3 which shows a top
view of the powder inhaler. In Figure 3 (and in Figure B), the
integral covexr 2 is shown without side labels which are depicted
in Figures 1 and 2. These side labels prevent access to profiled
cam tracks being described later so as to protect these cam

tracks from dust etc.

Figure 14, Figure 15, and Figure 16 show perspective views of
the integral cover 2, the lower shell 1, and the mouthpiece 3,‘
respectively. The lower shell 1 and the mouthpiece 3 are con-
structed such that the mouthpiece 3 can be snap-fitted onto the
lower shell 1.. From both side surfaces of the lower shell 1 Pro—
jections or bolts extend which engage with respective central
openings at both side surfaces of the integral cover 2, thereby
allowing rotational movement of the integral cover 2 relative to

the lower shell 1. As can be seen from Figure 1 and Figure 2,



inhaler. The fundamental operating sequence of the powder inhaler is to

open the integral cover 2, inhale the dose of the powdered medicament,

and close the integral cover 2. The cover 2 is gripped by the user and

opened. As already described above, the projections 28 formed at both

longitudinal sides of the slide 15 (see Figlire 13) engage with the

respective side openings 31 formed at both sides of the cover 2. In

particular, these side openings 31 are profiled cam tracks. The coupling
T Hsetierpirelpretitar camittacksc3t @ndhibre projections 284s segbdhatsts on
£ Hepanipg of the cover 2 causgs therslide &5 to,mev from.its fillin
n ositéia%ré &Figuge j(_SA tt:o its inhalatio}r;%positionoazlgi]gurgerI ggl)ﬂlﬂ%%gé SI%%?r?g < can

of the Cover 2 causes the Side X movR FSmatanhatatibh poshigerrside of the
1 Bekwireltd its flling oEstioncadain. Ahabistto saydby=apening/elosing the < nte-
gaveiddhe slidedisimaved substanfialidneadyvithrespect to e, .
trcgcsllir;g.alg particular, the profiled can, tracks_31 are shaped suc that

SHening of the CBT8r ¥hyA préGe RIHANEE fiFS aftfie, foretanpliany 88 of 2
s Tarigié ofabotit 38 from its clesetbposition daesnatacteate the sligest®uwn in
=L Lhatds 10e firsti 300.obhemovemant of he.cpver2 s slackwhereng

mechanism is driven. The industrial design of the powder inhafer is
2N fterfedPto Eonvey thi'correct Biisitalish oftiserFiftheimions] the

.coupling between the cover 2 and the slide 15 is such that the slide 15 is
WigrBpRriy HoFed 16 s Hithlahen bostiorrifrdady a predetermined secongre are
tmg&ebpﬁaﬁmtfﬁweﬁzfmm@mIlypgger?gg%Eorf@@hglgem§quh% 1% dosin g

a its. inhalation_pasition.already when the cover 2 has

e Souad 5y 00 T S rafe 3 S0Te o G TaR & aBA REEpyeLca-
MSfHereforel thé BB se DF e powricreaswedicansert filledsn thewdosina sub-

a sreeess 1 8lis catteatly presentesktosthe deaoclemsrator arangsmentl8. as, ..q

= wellas ciye;iphalation channel coupled thereto, ready for
;ﬁﬁgl?néggé%?gric%%o%hg 1823 re%bregegﬁ%’r% BT bpétt cB8Fish ke by

CR&VEFFE This ensures that the dose will be ready prior to the mouthpiece 3
becoming exposed to the user if the user should attempt a discrete
Fligperation Drehée poweier siisaiet, or examplé. Theralissamaudible-ekglern1y 13.
a dndigatipg thatthe QQ&/@@%@JH&Y%%B@B:@Q& COVELZ) Elgggdath:eorgtainer
o-Are for eé%@f_p.l% 42 Qg grree Qlcgé/ikr)]efore a further closing of the cover 2
moves the slide 15 from the TNhAREON POSITGH T BeHifag positiore above-
MBEOPE e EOVER2 1S compiately closedr thére maybel Kebfret play fosr ar-

r zexaenple: [tishadd be najegihat the profilad cagyracks 31 shown.in the,

ings are only exemplary. As already mentioned before, the closing
S RSh LEmes (e Shaperct & doking CUFRRICHTS BeSkqbakib A sk o2

©Rfie REHRACF 6P gRRAETHOAAIIV AlliFgthetdesing tupantemaximizeshey sub-
a sease0kaithemeerainment of the formulation upon inhalation. The
dosing cup is circular in profile (in top view) with an semi-elliptical

FiG0ss-section dise. the fross:section has.the shape of the.half of an
elligrse), the diameter gii‘ng three times the de %%eTﬁ%%ﬁggle%gtheAs can be

= ZSiciohié Affflow MIhERiniay of tHBRadgRimertsr AR Brdemeht 1649 spring
m3Eoar the tosirgpoup d8refféstivelyncthey cifeutaa profilerandiber side and two
s FAbONe-menfionedyalio ofdepth tojop areaalse combinesthe lowest, | -,
lVfrlgblllty of filling and scraping upon leaving the container 7. UI’I.I‘EJ o ’

2 Iopering thE ElGE 1BIERTGVed Froth thé Hillineepdsineh T i mhafdtiet ion of
t Ipositiorias Well asafterthwe slide 15 Has teachrd s dnhatation;pesitions middie
p dbe daseql thepqudared meoicaris mifiled in the dosing recess 150f .

the slide 15 is prevented from falling out by a protective member, i.e. a
© fose prdtectdr 18 FhEfose potsttstel o’ afaigad shdiRgRimovaante

on the slide 15 between a closed position and an open position. In its

closed position, the dose protector 18 at least completely covers the

dosing recess 18 when the slide 15 is in the



19 inhalation position, while in its open position the dose protector 19

exposes the dosing recess 18 to the deagglomerator arrangement 16 and

the inhalation channel when the slide 15 is in its inhalation position. The

dose protector 19 is held in its closed position by an inhalation or breath

actuated mechanism which will be described later. This inhalation

actuated mechanism is constructed such that the dose protector 19 is

moved from its closed position to its open position only if the inhalation
AERICHOR fohCe BSttEd bYtheTiser ensintmlatidreharmmbieycedds Brom the
reFHEd@thémiﬂ@g fy@l.ﬁkﬁm.rgﬂé,_m iﬂﬂ@la};'tggiq%tugteg Egg@@n%&;&hds an

nged such that only. an inhalation suction breath not a blowing breath,

At iate T HRAISEon Hettab PAERAN AT &R ERELS 8 mBVERRAA: S
LHi51R the dose proteicrirsmats elbged positivhan it operepesition. 1M as is
sitberfollowingsthednhalation agtuatetbmechaaisaLin gomAinationwith the . .1, .0
1g%se protector and 1t:quecgcs)%e guntingrllmit is described in detail. Figure S

and Figure SS &ow perspective views of tRe"Ho8é GourififgRubeagsdimplyneter—
ing alrelegy reéntiohed ebever FHemdoseceoentingesub-assermbhntéorting the
asansistenfa subsframe 20which,holdsa flap 21y, agling as aninhalation.

irgncatﬂgted rrpember,ta goke 25 qﬂctiﬁpg as a coupling member and a drive
Shting 23 adting aS A PesiieAT Aisinbar. e ARGEShHTMG 23t esrfrngement
1 GosecortingEumiEwhichn Frithesprasent case.campsises:an akifsnahas! along
4 ane autensiwheel 26Leing coypled By anidler yheel 25. Furtheiwore,
dth(le drivgs rin 38drjves '%ille, dosge prot%ct?;grhl%. %lyr\% %lr%;lts]?\;]vh((;érelf%%SngE hat the
TRetEns WheeT 26 dispiay the Atimber ot i sF8Ai&iRiAg M thainderside of
thiedramensehiambes 8ilyya attér cheowseAthe Briviessaring 28 Ma¥alation

pdg replaced V‘@H@treﬁﬂi@n&%ﬁ‘@s Q@@Qs%orl%lt%gdp@yo%%:%?g o%fat under
and Figure

_.spring_elements or spring, parts, for example. In Figure
trﬁ%égfg @&%ﬁﬁgﬁﬁ \ﬁ%ﬁ?%?ﬁg%&ié powder inhaler along different
cross-sectional lines with the cover 2 being dosed are shown. In

A FHIENBFAY oM FGRESFA R Ebe 'Seenthafthelmdifhpiece 8scomprisesing
nefedmhalation channal® textending from the-tpperside of the- meuthpiese -

£ 3 dowpward;so as-{odie,counladdo the deggglomer, naemey

rator arran -

(cyclone) 16 of the dosing sub-assembly 13. The ?unc%ﬂ%%gﬁty oftheP 08+ =1on
ShoHRIation 2siHtEd AfechEnishn ad fell stheldosihgcoifinglunitiavagble be-
tfehows.has Shown iy Figuretidithere arefaimedaecesses-30 &t both frants ..
cSaperperions of theslide. 13 of these recesses.30, a pralonged
A ._ﬁandd34 of the drive spring 23 egr%%?egsl%{vﬁshgt%eé%%e%l%ﬁf ffie Shide lggig faces
“oVed foivara By i comact With tiesiie B3 thesdriveSprirghe3ofthe dos-
inghakatien adtéated nectranisinis densiened antickarged W A first and on

oS ohipe drive,springc2s tesls Al avpodion.al ofthg flan 2huhen the dive

spring 23 is in its discharged state. Thereforée, by charging up the drive’ ©
PPt 33 this Pt (OB by MG RFdt ericP33%f HReanveepring23) of
Tlgh dedfiap 2aesortnally holding the flap 21 in a first horizontal position

shown in Fiaure R, is
As 1s shown in Figure 6A, the container 7 is a container with

integral desiccant. The container 7 comprises a medicament cham-
ber 8 storing a powdered medicament and a desiccant chamber 9
stering a desiccant for absorbing moisture that may have entered
the medicament chamber 8. The desiccant chamber S is separated
from the medicament chamber 8 by a separate permeable membrane

10. This permeable membrane 10 is of a different permeability



released. Figure 19 shows different perspective views of the flap 21. As

can be seen, at the upper surface of the flap 21, a flea 38 is formed which

acts as a mark being visible through the opening 5 in the mouthpiece 3

when the flap 21 is in its first horizontal position, whereby indicating that a

dose is ready for inhalation. Furthermor ®the flat 21 comprises a feature

40 for engagement with an arm 43 of the yoke 22. Finally, the flap 21 also

comprises two projections 39 which act as a counterweight. This
teeunterveltirsalances thefp2kreducingatrenly she astiration foree me-
arequired byt also.the susceptihility ,of the,pechanism tq accidental
1 riggering. 21l%%st%%vng%%%i&gggg'ar?cs{%l,g?%gé%é%h%r%goéaﬁgg a embrane

eCoRd BRd FPWhichTestOsn SIaTELF side sHifkée A816T thé yokeiZZerent ma-
tFigure 26:showsaa perspeetivesweniand ehaidecviewnefithenmke 22 The con-
2-hasa .shaft-like tiQn. 4 hich the drive, spring 23 is._ .

ot Fahoimors, i Figirs 25 A 19 f Hebiciei RS Gaper
CRATAA isTretlin ctiafd TR REHSEH e SPEERRTy, Dy fife AapZ1t At tiwd laterade,
oshierofsthietyake:22 whichnis cixdesitento the:lateral side syHace 48 Mrn chan-
bg\z,_h,gche;h%sed%o% enclsz of the drive spring 23 rests, there is foimed a

projection 45 having a thickening 46 at its end for operating the dose
Tlgoungggrgni which will.be descrizt_gid ater. From the bottom of the yoke '

2, fhere extents a profongatior A7 whith SHifigesy dhetheltie hafd Rithowing
aaRBPeiifg forfied inehédosetplotectonl 19 emdion thecothee haad; witheat
cﬁ&h@&@fﬂ@&ﬁth@ﬂg}mﬁﬁ@. ReYion %fqufc%i.d%%%ég%@&:\j&wgsl%.ggg desic-
A cFrlgcurgechJéﬁls alreadc}/ud scribed abqve, when the drive spring 23 Is .
“decompressed and distRarged tS8Rd Fexe e HIeEEItSRe dftheesiccant
1poftibird§ of taédidp 2Thirerebyho|dingtthetftapi 24 indtsfirstharizental 1 be
e positionyas shewniin Figure-3+ia.this cendition, he dﬂ%@%@@%‘%@&ﬁé%s
Spreve t§ Itlhﬁggwsdg’redrg]éadicamgn&contajned in the dosing recess le

rom being displaced from thé deagyIShersicr arrarietent £6 (Grisnepruces
thife B3EKbIBNS Mt theaRbutriesd By FuftHermares the flap 2isprovides aame
clesisiaﬁcef tﬂ%usﬁé@iwﬁiﬁg ,';h@&@ééi%%gjviggeoq%@éeggegpgg%tgﬁner .

ver, the slide 15, is pushed forwar ening the cover 2, thereby
C%g%%?gé&r?g %%%Chg?ginﬁﬁﬁécﬁﬁ%ngpﬁﬁgg *Thé rB8E: fufGe SREAEEANF cham-
Pfe EndTB FraHeAdHvE aprImEEeN B fisip2 R isheleased land the ftat 21lensures

a cgnbe rosatedfsem dsfirstiorzantakpesition.shewn in Rigwe Qint9a : ccant

-5eend DQSi%?F;I lggirg%gic\)/g&ecqc relative tg the lfé‘rst position if there is a

sufficient high'i tfon suction force effected by theSuseétin tigaling pro-

Virtatatorr RRSAER2Y TN Twdedinfialdring the device with the me-
dicament or drug which has a very low permeability and requires

only little product space.

As 1s shown in Figure 62 and Figure 6B, the medicament chamber 8
has a gradually decreasing cross-section diameter from its top
to its bottom so that the medicament chamber 8 is shaped like a
funnel supporting an easier filling of the dosing recess 18
through the dosing opening formed in the bottom of the medica-

ment chamber 8.

The powder inhaler shown in the drawings solves many technical

problems that may occur throughout the life cycle of the powder



22 In the latter case, the flap 22 is moved by this sufficient high inhalation

force from its first position shown in Figure 9 into its second position

shown in Figure 10. As can be also seen. from Figure 10, by this

movement of the flap 21 the arm 43 of the yoke 22 is released. This

enables the drive spring 23, due to its c%)?npression, to move its second

end 32, which is in engagement with the lateral side surface 48 of the

yoke 22, and thus the yoke 22 slightly upward. By this rotational upward
imhgvementokthepolen22thé profongation 47extending fromhéheupper in-

nside of dhewyole22 is movssiopuard hareby maving ifie dose pIOLeGIOr ¢ ..
19dfrom its clg_sgdgposmon to its open position. This situation is shown In
PPIGTFE L0 BEWEFHE N Fighte LLARFiGhFe DO° 8IFEr peaKAE vigw of the
dose protector 19 is shown. In particular, in Figure 20 the opening 36 is
TRpoffif Sihich i5Sn EhaRRMENT Wil the ProRstgatioRdTlexteadingready de-
s ctownwatgdbbfrom thesbettemeafithenkes22o Thedront enck35 ofthe doser 1

« Pratector 19 ha artial circular or semicircular shape so that it can form
jibartso%%el‘t\?\}gll %ﬁh%eedeaogfisé?neerg%grugﬁa{rllggmeenr%a Tyliorie T8 WHEFPSCtive
SRE JESEPrBEETIOL 19 KIS Blodedltposifieas Siicethe dusepratector 1o~

thesitheen moved eutdeomdisclaged positien e ts epen-pasition bysthe, .
cJoke, 22, the dosing recess le of the slide 15 isga(xp;)%sed to the inside 50 of
Gyctona: and the Sred HsdicamentEontaifedirife tons

. o%epo%% & powdsfed fife
280§ retesENES cap pelinbakl tHreughthe &/clonesand the iralations to

m&hannet %488 welbas ihe mauthpiece-3sin-the cyelogetheduoQr the, 5 . na-
1 Qg\l/vocrllereg nl%(ZjLigam { i% egtrgg}ed !ptg a Swirling airflow where the active

part of the Tormulation 1 disaaaregated TTom the carferGedrefdtentares 2
CRRFPAITFurterfiforé OsineEhéfrap 21 hasbednmiovedontitsfirstackward

tdotizontal positiond(seetigure.9) to itssacondpesitign yotat %QBLOted
irgel?gygstgrilts fi{ tep%sétiogs e Ig%gr%i% 21% and 113 , the flag 38 formed

at the Upper strtace of the flap 21 is no Tonger viSiBRS HirSugRIRE Jperfing ¥
1 Trigaheruppet side sPaetmeutipiecess fhivat Erthedtagid8ihas, the profiled

calisappented thereby indicgting shahadose Basbeen takenyand aNew, 1y o
pggagtigﬂgkgaeaddyfg%si;r%haalgggg,agPoir}’ (?;témple, by an angle of about
307, from its closed position does not actuate the slide 15.
That is the first 30° of the movement of the cover 2 is slack
where no mechanism is driven. The industrial design of the pow-
der inhaler is intended to convey the correct orientation of
use. Furthermore, the coupling between the cover 2 and the slide
15 is such that the slide 15 is properly moved to its inhalation
position already a predetermined second angle, prior to the
cover 2 being fully opened. For example, the slide 15 may be
moved to its inhalation position already when the cover 2 has
been opened by 90°. In a range of 90°-135°, e.g., there is again
free play. Therefore, the dose of the powdered medicament Ffilled
in the dosing recess 18 is correctly presented to the deagglom-
erator arrangement 16 as well as the respective inhalation chan-
nel coupled thereto, ready for inhaling, 90°-45° prior to the

cover 2 being fully open (An opening angle of 180° is considered



Figure 17 shows a top view of the dosing sub-assembly, depicting the
inside 50 of the cyclone as well as portions 51 (corresponding to side
walls 78 depicted in Figure 26) which allow the mouthpiece to be
assembled, portions 52 which produce a cyclonic airflow within the
cyclone, and projections 53 for mountin&gthe dosing sub-assembly within
the lower shell 1 of the powder inhaler. Furthermore, in Figure 17 there, is
also depicted the end stop 37 for the prolongation 47 of the yoke 22 and
25 tHEBESE proteetoral of védpectivaly phsthe foltowirdy ithe fusetienalityrafthen -
sur@ose “@Q&lﬂt!ﬁgém&d%éxﬂﬁﬁe%g‘ g@é@'& Aﬁﬂ@@d%@%%o%%% 283\_@&%] % be-
. dogl% cggngngémlt, bein prowde,djor counting the number of_ 0ses taken
P Colthtery oF andriativeli the Huiber Grddsestednigieipie @ discrete
opegopataier @dwiheountenscamprises thefunitswhaeh24 angsthe tensSan audi-
v1ewheel 26 belng caupled torone anathechy the idier wheel 25, Figure 22
shows a front view, a perspective view, and a rear view ¢f the Units wheel
4. its wheel 24 comprises a central ot>ening 54 at which it is
Whe?cl)tatlat;{bgl L%?l?\r%lte% ajf?hé%%gg%ou%fanrgesu%?aess%neorﬁbI?ﬁ%“%ls‘?de4 the 8asifg=e
Plagf tHeepewRIe inharer e skdwR IRFighres!SA ands3, Jomexamplee slide 15
froRefene@cgrﬁighaﬁﬁﬂsiﬁgﬁ§Eeasyr%ﬂQiCh%@!@@S&Q}”&%ﬁpgaﬂ@@ore the
urface with the lower shell 1. Reference sign esignates null-bars
Co%hgl'jci?arles pﬁﬁ%%gc)engﬁw%ycﬁt%? E‘é?frgf'ac%egf)afjfﬁe Iﬂﬁ?fsdﬂfh ge?%2405| onfhePtay, for
eragfiedrpferehtiah@irecdionstheresicarid avithterrab imténads! therebetween. AL
snaerouterpesiphernrobthe urits wheel 24=there ate formed teeth 57 for
driving the idler wheel 25. As 24 can be taken from the rear view of the
25 units whep! 24, thesedeeth. 52 are formed gdiametr d.to each
of other. Finally, on th bagk of the unﬁi@wi%%%% hg%gériggﬁggrﬁégtﬁﬁg shape
which are Brotight Thtd Bhgagenfeneiith e pRiedivirer EaRtiRser 28T of
grafiiel foke 0Rasblas thidivethe nitswheet 241gtepy StepINON: the ease of
o< oomplaliametan ighalalion Pragess s san be easihy seen Iam kighre.
o2 the glr%veltseeth 58 each are inclined in the circumferential direction of
the dnits wheel 227 For 8xampld, tRE dRamETS 5EP5f thettinitd WHea p4semi -
elldaly becaBo 2o mms sRiglre 23 showslagearview, aqerspective iew aithpe

of afrontndew of thetensiwhgelk26. Onthe-backiaf the tans wheel 26, there
depi icl)rm éj.a pIura{%;(X of tg%ehth 62 ir&the circumferential direction of the tens
e

whéel 26 The&& teeth 62 are dfiveR 1y the TdiePWhiRl 58 Retéiheert the
deamﬁlﬁg@‘a@ﬁgﬁﬁwmﬁ@ tééth whishPrevehea disivienaf thestens e ffec-
tivadieel 26mehen theumedicarent chamber nds eayy. thatis hetens. .. .-

gecWhee] 26 i% cogité%ctgg sgch that duringﬁgne life cycle of the powder .
| FiRhaler neary ORE comrplate TOTRtN bf thetenSWiidel 7 icaffedfey I £111l-
1ngth@aeséE edanting uhitcReferenéaqinerat 61 Wesignatés an end stop with

the casing of the powder inhaler. The diameter 63 of the tens wheel 26,
burforexarmgte; maytie abouti25 Mmi Referentemuimeral 4 designates - < on
to GPeRIng-ALwhich the tens wheel 26 isrotatably mounted at the dose . ,

counting sub-assembly 14, as shown in Figures 5A and §§ for example.
TRt ente hurMEvar 85 tsigiate s Aeatths wWHIER pRivides soowdered me-
dicthmstbiedriig sdrface with thescasingsaf4hes pawder inhales Ruthermee, pre-
verdflBtencepuperal bdesignates.a feature which provides a, - gose pro-
" thrust-bearing surface with the lower shell 1, and re?erence\nu‘meral

*JeSignates thepetipiiery of e bpermng 64 WiHidi SRR atdd Shrtevcasigable

on of the pawder inhaler - @ecthezoutes surface of the tenswwheel 26:theresare: on .
1 formed i, circumterential rows.ofpumbers 68, These gworows of -

numbers display tens and hundreds nuMDbers in correct orientation. ‘in
pleétaﬁﬁ%aggyers the dosing recess 18 when the zlide 15 is in the



a combination of a units number of the units wheel 24 with tens number
and a hundreds number of the tens wheel 2 6 is visible through the
opening 4 formed in the lower shell 1 of the powder inhaler (see Figure 1,
for example). Each such combination of horizontally adjacent numbers of
the units wheel 24 and the tens wheel 2%9designates a corresponding
number of doses remaining in the medicament chamber 8. Finally, at the
outer periphery of the tens wheel 26, there is also formed a projection 69.
inRBAgtHE radiaFdirdction ohthis piojettion 69sthepe ateinmtensantbse protec-
cdmrieswmbers farmett onghesauss sudace ot e iz uheglat.and ..
-his mr%gcthpﬁ 65 covers the#ryts wheel 24 if thg medicament chamber 8~
iS empty SUCR tAat no NUMBErS dre \MBibi fr8Ggh HEBpeRmg4d dfithel S is in
19ewénsHel i frerey indicating te the sisepthat thereds 110 deseield in its
creBwinig: i the mes dicament ¢ +Figure 24 shows g .
o ‘er%[])ega%l{e ¥ﬁiew of the jdler Whebeglggg%rl' %d%;gév%ﬁe%%% Ras s sﬁ?ﬁt%f st
At Whith it is TStatbly TS RTtetPSf the StbSrare 2badtitie duswesadimecha-
nistih-asseamiytizoas sHowndn Eigrires oA ald 5Ep fasea®pleis is moved
£ fasthermare sthedd as:half-width teeth 70 which engage with,
1 the drive teeth 57 ggﬁﬁhﬁifgg th%[%?l{?;g y%gheélo%gtli‘lﬁr hgrnrﬁafreg,%g Fcﬁermha_
Snedl 58 EomBhséS Aifwiith TEERT 72 HiBR IotieayaiRst e dnitawheébn
crnwherrthe adis wheet@dtis:setitodiunebers . Fu O seferance aumerah a1 -
+ 1R, INE : h 57 t nits, wheel 24 fit between |
tﬁs% ful ﬁ%&%?e#%?ﬁ??h%id%r%%% 5%\?&%@52 itS Wibel 24 1848t at+on
SUS HLRRORT B HoWéer® tihd Wefes PErRahe VARTthe A Widtneetmze Ll ation
acAsihasheen@xplaised abdves tihe doublinghehrean-the tiits yheel 2dstector
- the tens wheel 284s sugh that after 5{%‘8!}} ten stepwise rotations of the
units wheel 24 the tens wheel 26 is rotated by one step, thereby
in ! ination of tens .and hundreds numbers on the outer
T rae ot he Ui eul 26T SRatle o Rotoe (it FISUA S amoine-
HSiiatdrin WRRhIRS 26PRGIREISOfHhE URitS wises 2doand theytensit is de-
scwheeli 26harelwisiile through the opening 4 of the lower shell 1, since the
projection 68 of the tens wheel 26 covers the respective number of the
riniisavbeekdosrag te indicatm hattbepedicament chamber § 5 emply.
c Oﬁ%q%gig%jba}%%v%}w&en Ehﬁe falag 21dizs rotated from its horizonrgal first
position to Its second position Upor AN ASIBtoN PFECESS Fitiated by thae
CQUERF {8eTiture A3 FREY Oke 2218 SHightly Fotatethtlotkwise (0 Figureh holds
2 H)sp that the-dose a@taatqrﬂt&bﬁawdé&ﬁét@é%hoﬁ%hp@?ﬁoé‘;g&?e 22

N cqpﬁglgp%iti%n.clzougt rmoreéf%% this clgckwge,rotation of the yoke the

projection of cantilever 45 Of the yoKe 23 iS At sIghfivhoved Lidckidsés 2

reforg the iReRREToN oftie ASXTErive Toot 55 ofithevunits heab24 secasting

urio- brifgithe, thickering 46-ebthe capdileverdndntosengagement with the, -, .4
s rEéE{%CW% %riv%tgoltghQS& Ugoto heig pﬁ)ipt, no aé::tiuation of ;he units wheel

24 and the tens wheel 26 has takeh place.” *¢+e¥ wheel 25. Furthermore,
the drive spring 23 drives the dose protector 18. The units

wheel 24 and the tens wheel 26 display the number of doses re-
maining in the medicament chamber 8. As a matter of course, the
drive spring 23 may be replaced with a resilient means being
constituted by a plurality of spring elements or spring parts,

for example.



After inhalation, the user closes the cover 2 of the powder inhaler. With

the closing of the cover 2, the slide 15 is moved backward from its

inhalation position to its filling position by means of the coupling between

the projections 28 of the slide 15 and the profiled cam tracks 31 of the

cover 2. As shown in Figure 12, this backward movement of the slide 15

causes a counter clockwise rotation (as regards the view depicted in

Figure 12) of the yoke 22, since the prolongation 47 Of the yoke 22 is
I'mévédiBgetheranih e ehitle 7B backward. Hrseognterichockwisiews of the
wHoatiopbetihe yoke 22is supperted by dhedriverspying 23 Which s, i nes wicn
thaﬁllo%vg 1o b{ gisggarg(%dsggdadreeco pregseg upon backward movement
~of the slide T5. Dtieto this cotiniter clockwise ToRtion 6 thEryoke 3, feure 74
Licapfife\sr 4598 alsowiatdt: caghterwicaavise crreby sdsa ratatingdhet 1 on
cHuvissvheel 24.caunienglockyise by Qngstens@sregards the view de= Ti
ddoi%%grin Izsi%ure 12t) which res\‘;ﬁgs# decreasing the number of doses left in

the Maddicament chigmber & Which is Qisthig tHFGLRSH AR BpEAMEfezR R ement
(qhielower shdl DIAS hemater of courbse; therdoise Gaunting unit can also

be arranged such that it does not display the number of doses remaining

Thig thieuneedicamentghamben8, buh thenusiberafdoses akeady: takenbywe11
adhe yges Euthermore singe the.yake 22 agg&tge drive spring 23 are

moved back into their initial positions, the en 3'0t the drive spring 23

= the flap 21. back intq its horizontal first position (as shown in Figure
AS12%% Vénrelji)ﬁ rsEilectxﬁJhIQet;iegflasé %??\Agrreeovg?,gfﬁetﬁﬁ §%ﬁ§ﬁ‘8ﬁ, e yokePosh
Ihea§aiirhele bythe ehrayemehbef s dfn 43 witktthenfeatdrec4@ of thecesses
3dlap2brbhusntheiwhsle povalerinhaler has boqﬁq;r%n%erg% o dtsjnitial, y

position. again. Another advantage associated with the flag 38 is that it ‘
Slrﬁa;gzyebgS pu:ﬁgaﬁ ovfn%%‘in%%ré%f%ogsegr :s£oo R85 Lrid gﬁ%nﬁ%ﬁ’t“t with
tvefiddof the-inkakatighdquarsd recharsmtFhisiwould enabletheiated

naiSRaid takedbe gaseibihe userisnat-able te-generate a suffigient foree.in,
er to actuate the inhalation actuated mechanism. On completely
drf:)l{(%sflﬁng the ?gvezrtgz,?ﬁggeswﬁ be apnogeﬁéf%ﬁ]e é?cl?gigtnréﬁliﬁglﬁ?atztﬁe%%rthe

dyg ¥BseRr Prederably; thepovwde Fintrilerwiicregjiiresthelbeverta te beby _charg-
ircompletely clased-+0 Byiction corregtly %%t%ﬂggmé@t%y the first
eqiraggerpent 48 (@y5lonel,of ihg Powdsy infaler should PEBIEM 1 oaing

the flap 21 in a first horizontal position shown in Figure 9, is

released,

Figure 19 shows different perspective views of the flap 21. As
can be seen, at the upper surface of the flap 21, a flag 38 is
formed which acts as a mark being visible through the opening 5
in the mouthpiece 3 when the flap 21 is in its first horizontal
position, whereby indicating that a dose is ready for inhala-
tion. Furthermore, the flap 21 comprises a feature 40 for en-
gagement with an arm 43 of the yoke 22. Finally, the flap 21
also comprises two projections 3% which act as a counterweight.
This cdunterweight balances the flap 21 reducing not only the
actuation force regquired but also the susceptibility of the

mechanism to accidental triggering.



The purpose of this deaaglomerator arrangement is to produce clearly
defined turbulences within the inhalation channel 27 so as to pulverize
agglomerations of the medicament. By the swirling airflow within the
deaggiomerator arrangement 16, the active 28 part of the formulation is
disaggreaated from the respective carriér: In principle the deaggiomerator
arrangement of the present invention comprises a rotationally symmetrical
vortex chamber, at least one substantially tangential air inlet, and an outlet
As ghesgirforoulputting the apndttRthe dbaggiomerated powdesettas a second

endnedicament, thequiletbeing spaced fropadhe airdplet in the longjudinal, ,5 |

axial direction of the vortex chamber. The general structure of the

Filef:pl]gggﬂan%%aqagg@m@_&tf%sxemeéﬁ.%n be taken from Fi%;]‘e%;%%’*yoke

igure 63, Figure TA, and Figure 17. In addition, the structure of
22 'de%ﬁ;ﬁIéfﬁ]é‘?at&zaﬁéﬁgém%lﬁﬁﬂﬁﬁi%h}ig FATETANY ndR restrivletdd thee drive
spztmgd; ein riwnd?mh&! lers mﬂgﬁéﬁﬁgdémfmnﬁﬁgaﬁl%:aviﬂstf%%b%\% 43 is
aeSlrawings, will be explained i tail by reference to Figure 26 and Figure
"7 te- s?ggtﬁ/elyl.l%‘?getfre% éjrjs,hgwésa égﬁgﬁnﬁ% ﬁélrcslp%gr}\?ea\%%g\l of the”*®
tiveaygldtiefatsr ataRgementtcydicrie) acesriing icla préferier yoke 22
vhierabadimenicibedeaggenerator apangamentheing Consirusted ta on the

uce a very strong cyclonic flow within the deagglomerator
Se%rggwg%%fﬁe\éetéregﬁltiﬁ%?n Fvery S?Fornlgngtar%%@eg‘gra lent ftTto hef AGTRE 2
PTRSFtigare 2B ida6ERBnTatle Wi mé expldinatheidesignandthe keyrating
thdealtites efthetusioneacconding ta;the prefesteg-embogdimgnt, butFigure o
b 60(1:inoeosfn9£§;:hov%}che %xclc;?h eeggcg;[tas i%is imoglemented in the above
described powder inhaler. The inplermantation oFthe Beforech the wiich en-
JagRivdePinhifer, Icexample, 'Earbé takasfrony Figumead! ok Figure Hhs%s pro—
tecapbermkenirom Figuesatdherdaaggiamearatorarangement 16 has.any, o
£+ Op ni&g%ir{)ictg_ﬁgotg%mo iggzidis&[n 00 l,%es int(e) %Vortex CJ; mber 73. The
73is dsi [ f i

vortex chamber esigne Stantially Totationaily symmetricaiinee 207 -
air jnlet

As aaqgigiggﬁzgh%IESaé%it. gd ove, when the drive spring 23 is decom-
pressed and discharged, its end 33 exerts a reset force on the
portion 41 of the flap 21, thereby holding the flap 21 in its
first horizontal position, as shown in Figure 9. In this condi-—
tion, the dosing protector 19 prevents the powdered medicament
contained in the dosing recess 18 from being displaced from the
deagglomerator arrangement 16 (cyclone) if the user blows into
the mouthpiece 3. Purthermore, the flap 21 provides a resistance

1f the user blows into the device giving positive feedback.

1f; however, the slide 15 is pushed forward by opening the cover
2, thereby compressing and charging the drive spring 23, the re-
set force exerted by the end 33 of the drive spring on the flap
21 is released, and the flap 21 can be rotated from its Ffirst

horizontal position shown in Figure 9 into a second position be-
ing pivoted relative to the first position if there is a suffi-—
cient high inhalation suction force effected by the user in the

inhalation channel 27 of the powder inhaler.



conduits 73 which direct air substantially tangentially into the vortex

chamber 73. As can be seen from Figure 26, air inlet win- 29 dows 76 are

formed in the upber surface of the air inlet conduits 75 which for example

cover 800 of the air inlet conduits 75 so as to enable entry of air from

above into the air inlet conduits 75. TheBase section of the vortex

chamber 73, in general, has an elliptical cross-section. As depicted in

Figure 26, there is an outlet 74 formed in the upper end of the vortex
Irchamber?8ethecestiot Tdiseifigegpated fromdhe dpeninthfos tbeiippleat high
1 Ahe powder [ t; ir J in the jfudinal axia .
. _direction of?ﬁ%g\%tgfgﬁgrﬁ%%? ?%ﬁﬁpgﬁ%ﬁ?éﬁe%ﬁgf 74 isﬁ%un%% 2 into
L oaXHIR o #REIBhGRUIRE EBNTAt A BFthe-Jortde cRambes 78LaAd seen from
Fiexterds @lomy this lengitudinaincentsal axis. L parteularhthesentlet 74 hasnhe
ycacgu@@tap;iayxfggg@a.cr%%eg@%i@%dmeﬁ%%his GIrellan, . - gue o

. cross-section being smaller than the diameter of the eIIiSﬁéﬁlng

oSS BRERB A he VOriBR Thartiser SR Biguens7 $Rowehd efossséatiorrgage -

mazigwwofthe deadglamesdtos atrangemest ¢ agcemarice Wigka sectional thus

«Hlane whieh horizoptally intersects tt% d lomerator arrangement 16
an(?%e vortex chggnbe%(? \ respectiv%l g%ge \’718%3 elﬁgtaé% i%pﬁalrjre Bvenent

k: Lvely. ,
OTeouif bEYEYarded 2% FBOHCRPASH T the dedbpickhemtérarahyemamer side
ofl6:as welkelreEiglse R3vthe vottexekambee Z3:anchthe: eicWaE oulet 74 rotec -
r vhieh disembogues{nto the inbalation channel 27, are depicted. Although

the horizon?al%%sg-ls%gteign %)?%%e% lt'J%ge ggcﬁgﬁ o?ﬁ‘ueé1 VoI S%%h%fmbéfﬁ“ﬁ
S HARE Sob sty BliptitaF SHABE the FEsebetian ot thed basesektion

of the vortex chamber 73 can also be defined by an imaginary circle which

I adhisersid4Aside thehare sdstion of the vortelxechimsberZdoncaior 19 is

sh@rizontal ngaﬁejim@:(%eﬁ,tingrb@th@ﬂﬂ@@c@%%"@ﬂéﬁ%h atibesy oun which
circumference or Qeggr%%ryt%f this circle %JS'[ touches the inside surfaces of

“Doth STAE walle 78 af plates Whith are Aanattitally oppoSBE B BrfPwrwardly
LrpmtiécwRRotPextehdifibeydnd the-sideavadlisotthenoriéx cliantser I3se

pin-patticilar,these diampetrically Qp-r301osed-placgs of the side @@Iﬁg 8o
e

- those places of the side-walls 78 where both air inlets of the air in
Lri‘%;)%r1djtl?'ts %%ndl%s%fn g%% nf’o}cl\;%él \?or‘flgxbcfhgr% b%}?enc.l TR BRI e arrange -
MaSpELVE DESE” cleleiaiepitred dpitte ardotiet-tine ahll dssigmed withclosed
pdseterenee numeral 77. The air inlets are arranged along the circumference

of the "base" circle 77. ‘

Since the dose protector 19 has been moved out from its closed
position into its open position by the yoke 22, the dosing re-
cess 18 of the slide 15 is exposed to the inside 50 of the cy-
clone, and the dose of the powdersd medicament contained in %he
dosing recess 18 can be inhaled through the cyclone and the in-
halation channel 27 as well as the mouthpiece 3. In the cyclone,
the drug or the powdered medicament is entrained into a swirling
airflow where the active part of the formulation is disaggre-

gated from the carrier (see reference sign 49).

Furthermore, since the flap 21 has been moved from its first
horizontal position (see Figure 9) to its second position ro-

tated or pivoted relative ©o its first position (see Figures 10



Studies have shown that the diameter d of this "base" circle 7i has an

important influence on the deagqglomerator effect of the cyclone. For

example, if the diameter d is too small, the flow resistance is too high. On

the other hand, if the diameter d is too large, the flow resistance is too

small resulting only in a minor improvelﬁént of the efficiency of the

deagglomerator ar- rangement 16. Comprehensive studies of the

geometry of the deagglomerator arrangement 16 in terms of the flow
angdsistancetdfithé tevice afd the quality: bEtheyelonimftfdweffectedrirsideap 21

i dhgovortex shampet 13 shew thata very agad efficiency. of %%}é;%rcg&de of
e y

be obtained if the diameter d is between 6 mm and 10 mm, pref
EREMTYS TR BEP exampié if &Fis®hm-adlontalPst 30 oRRsared thereby
ipdessureraf 4kRa candiesebtaineth<Enetcyictenic flondinsidedtheiyedexs not

& Q&gggmd@g&guglggiklev§gggless, the required increase in the

width of the air inlets or in the outlet diameter to allow a higher target flow

rrate (fo gxasrggles6% 1{1@in at 4 1cP ) w}gul%gg%“sumab resultin a .
d%g‘rada} ion of the quality of the cyclone. TS s BEcalSE e atheNsiongPicting
Tt theaikdrleBP ordf tHeco RIST\WWBEIdase Weolardgesinpcarnparnisofi 1o therrespond-

1 fimensiong ofthae mainsestipnaidhe syclenguthat isthe dimensions,of 1o
mth%}/olr_texgh mher 73. Thﬁggfo&e, it mgg be re%o mendable to use a \
frger diameter d of the "base” circlR 77K Y&y gﬂﬁé@f‘d@ﬁﬁﬁ‘iﬁ%é cyclonic

arg
2&yélove 16-ahd Nin HRlitoiT tbecaboved nientidred: farget Sdwiaterninthe ing the
addirngeof 60 aimratA kPergan bgohtaiped ifdhe diameter d,of ﬂ@%wder in-
h; gse" %UC:IE%IU is‘l)n the Qanggeiogg mq17 ngger diameters d of the "base"

circle 77 d6 hot 1ead fd further Significant improver&nts PR Sttdme end
SHigide the eartdk ehanber rRoverthal vifichcben belscHiéveadittha dose pro-

t diameter o, = SBapprdherefare, the diameter d = 6 mm is considered as a
preferred embodiment of

In the following, the functionality of the dose counting unit is
explained in detail. As zlready mentioned above, the dose count-
ing unit, being provided for counting the number of doses taken
(up counter) or, alternatively, the number of doses remaining in
the container (down counter), comprises the units wheel 24 and

the tens wheel 26 being coupled to one another by the idler
wheel 2 5.

Figure 22 shows a front view, a perspective view, and a rear
view of the units wheel 24. The units wheel 24 comprises a cen-
tral opening 54 at which it is rotatably mounfed at the dose
counting sub-assembly 14 inside the casing of the powder inhaler
as shown in Figures 5A and 5B, for example. Reference sign 55
designates a feature which provides a thrust-bearing surface
with the lower shell 1. Reference sign 56 designates numbers
which are printed on the outer surface of the units wheel 24
along the circumferential direction thereof and with equal in-
tervals therebetween. At the outer periphery of the units wheel

24, there are formed teeth 57 for driving the idler wheel 25. as



the cyclone 16. As depicted in Figure 27, the deagglomerator

arrangement or cyclone 16 according to this embodiment has two air

inlets assigned with the respective air inlet conduits 75. Both air inlets

disemboguing into the vortex chamber 73 are arranged die-metrically

opposed to one another and preferably hiave a width or a diameter of d/S.

As shown in Figures 26 and 27, the side walls 76 separating the air inlet

conduits 75 from the vortex chamber 73 end in a fillet which may have an
caentheadivsof E3mmtfer example.cthe sidenwallm78 mayhave 84, these

+ Shiskness.of O.Qngeéord mple. The cross-sectional structure of the _
deagglomerator arranger%)é%w\te éllgas%ﬁc}ﬁ that a ?eesf%géﬁvg Lehitireor &

najgd YiwhBBe tohitrads bnothetdiantettk tornecting Bothairmletscordisthente e th
Sepoitions aftbersidagials 78 connactetha.euter walkaloneais inlet 43 o can-
Wit the mn%rfs%t%ce %fktehezgp%osing side (\ﬁvall 78 0 the vortex chamber

73 at a place where tRis sidé WAl 787ntersEES With the rd8paeive8ier24 step
Syaif et URSEaf RS ranr Eigurei2 ahistdpplicstobetir outer can be sas-

1 peripherat portionseitbexortexehambar 73.and,t¢ Both aig inlets/air et .4 3,
th%onchfriE:Su% Sesp gti\ieléé..lhe+sjde walls of the ajr inlet conduits 75 are
concentric to the side walls 78 ot the Vortel chiatbar ¥5-98oweber ihe exam-
PlsemicieutardicaieRed Ycai e avath postionssrd of themmrtdechamber 78 mm.
are non-concentric relative to the interior of the vortex chamber 73, i.e. the
"base" circle 77. This contributes to a very effective deaggiomeration
within the vor- tex chamber 72. 32 The structure shown in Figure 27 of
Fithedeagalenveratar akangemant of Gyelone-16 may ke sxtrudedo0verd« view
ight Jor example, The inhalation channel 27, that is the outlet
O%ﬁ%%e?%éé%g ?ro%ﬂ%ir%%ﬁaerb&ct et 74, preteranly hgs%eéirgﬁar there is
THaRtbter BEBTASE AN Afay- BEExtATdéd ol k6p ot irewsitaenhambetiz8ection
ofoversa heightiaf 7imat, forexampleeThe eboye-meptioned tap inlet 1410

Aindoye 76 g%e_\t@}%gol%g i’r inlet condulits, 75, may be extruded over,
"5 mm'to pr%vide the channe}%s% %ro%gghd\?vﬁfbﬁriﬁgeaﬁr Phay enter irts the "Rich
PIfAcE flonT e forP of tHeze Ritd oW SFighfes'PEA, R8ES mAd28Gshbwcaanber

8 perspeptive vievsta bettomeviesnandratop view; sespactivelyc0£anothel thax
a.emhgdimentafa dewges%%ﬁsng@%éérofmggwgﬁf Inhaler accordin wlete

o . I one
to the invention. As can be seen, the container comprises a%ealcame

T CHEmBEr 8 havifiy SARMiPHEER tréds 58S aRsRIé ¥ Middicaatentcounting
urchamhBer 8 rsideavalisn8@ 4apering v heing slanied slownwasgd aretn the cas-

1Ryoyided, theyebydacilitating the filling of the dosing recesg of the slide, | .
fégh%ggggigF%Jygwkgogggg%bgéyggﬁyﬁeference numeral 64 desi ,
gnates
an opening at which the tens wheel 26 is rotatably mounted at
the dose counting sub-assembly 14, as shown in Figures 52 and
5B, for example. Reference numeral 65 designates a featurse which
provides a thrust-bearing surface with the casing of the powder
inhaler. Furthermore, reference numeral 66 designates a feature
which provides a thrust-bearing surface with the lower shell 1,
and reference numeral 67 designates the periphery of the opening
64 which is located on the casing of the powder inhaler. On the
outer surface of the tens wheel 26, there are formed two circum—
ferential rows of numbers 68. These two rows of numbers display

tens and hundreds numbers in correct orientation. In each case,



Again, the desiccant chamber 9 is separated front t_he medicament.
chamber 8 by a permeable membrane 10. The dosing sub-assembly 13 of
this embodiment comprises a deagalomerator arrangement (cyclone) 16
similar to that described above. From F:%ure 28C, the wall portions 79
being non-concentric 50 the interior dia eter of the vortex ch_amber 73 are
evident. Furthermore, Figure 280 also shows the tangt_antlal air inlet
conduits 75. As regards the dosing sub-assembly of Figure 25_3, generally

2 [ STFBHEE EdP PeThade 15 1he absvesdesciiption oftheJoregaing24 with =

rawingsodMC niRgagglomerator.arangsment (16) for . _—
tggagg}%@%@tifgﬁpéo%vdered edicament, cg?n%)g%singg%aw\%??éx Szzhean:ﬁﬁefv e
b(73), at least two air %?&%?%)%rf&%}?ﬁgl&irme lower shell 1 of the

powder inhaler (see Figure 1, for example). Each such combina-

tion of horizontally adjacent numbers of the units wheel 24 and
the tens wheel 26 designates a corresponding number of doses re-—
maining in the medicament chamber 8. Finally, at the outer pe-

riphery of the tens wheel 26, there is also formed a projection
69. Along the radial direction of this projection 69, +here are
no tens and hundreds numbers formed on the outer surface of the
tens wheel 26, and this projection 69 covers the units wheel 24
if the medicament chamber 8 is empty such that no numbers are

visible through the opening 4 of the lower shell 1, theﬁ:eby in-
dicating to the user that there is no dose remaining in the me-

dicament chamber any more.

Figure 24 shows a perspective view of the idler wheel 25. The
idler wheel 25 has a shaft 72 at which it is rotatably mounted
on the sub-frame 20 of the dose counting sub-assembly 14 as
shown in Figures 5A and 5B, for example. Furthermore, the idler
wheel 25 has half-width teeth 70 which engage with the drive
teeth 57 on the back of the units wheel 24. Furthermore, the
idler wheel 25 comprises full width teeth 71 which lock against
the units wheel 24. When the units wheel 24 is set to numbers
N17="9" (reference numeral 56 in Figure 22), the teeth 57 on the
back of the units wheel 24 fit between the full-width teeth 71
of the idler wheel 25. When the units wheel 24 is set to number

“0”, however, the teeth 57 engage with the half-width +teeth 70.

As hes besen explained above, the coupling between the units
wheel 24 and the tens wheel 26 is such that after each ten step-
wise rotations of the units wheel 24 the tens wheel 26 is ro-
tated by one step, thereby increasing the combination of tens
and hundreds numbers on the outer surface of the units wheel 24,

It should be noted that Figure 5A shows a situation in which no



tangentially into the vortex chamber3), and
anoutlet(74)foroutputtingairwiththe deaggiomerated powdered
medicament, the outlet (74) 10being spaced from thefnlets (75) in an axial
direction of the deagglomerator arrangement (16), characterized in that
the vortex chamber (73) has an openingzﬁ)r the supply of the powdered

qpedicament. 18an.ouler wallol eash aiinEL(79) s copnectealo e, gistoie
respective other air inlet ( y a semicircular or Sreched Wa portion ?7 )
thofaHe Wokiex ctrmnbeg (78) céatih Semivitetladtor biched fibliqsortiba. PrgYjection

69s postionegenen-ganeentyc takase eirede (28)20defining adiameter dne
uégégeu¥%%?xfgaggxiéth?T%dicate that the medicament chamber 8
is empty.

As described above, when the flap 21 is rotated from its hori-
zontal first position to its second position upon an inhalation
piocess initiated by the user (see Figure 11), the yoke 22 is
slightly rotated clodkwise (in Figure 11) so that the dose pro-
tector 19 is moved from its closed position to its open posi-
tion. Furthermore, by this clockwise rotation of the yoke 22,
the projection or cantilever 45 of the yoke 22 is also slightly
moved clockwise along the inclination of the next drive tooth 58
of the units wheel 24 so as to bring the thickening 46 of the
cantilever 45 into engagement with the respective drive tooth
58. Up to this point, no actuation of the units wheel 24 and the

tens wheel 26 has taken place.

After inhalation, the user closes the cover 2 of the powder in-
haler. With the closing of the cover 2, the slide 15 is moved
backward from its inhalation position to its £illing position by
means of the coupling between the projections 28 of the slide 15

and the profiled cam tracks 31 of the cover 2.

As shown in Figure 12, this backward movement of the sglide 15
causes a counter clockwise rotation (as regérds the view de-
picted in Figure 12) of thé voke 22, since the prolongation 47
of the yoke 22 is moved together with the slide 15 backward. The
counter clockwise rotation of the voke 22 i1s supported by the
drive spring 23 which is allowed to be discharged and decom-
prassed upon backward movement of the slide 15. Due to this
counter clockwise rotation of the yoke 22, the cantilever 45 is
also rotated counter clockwise, thereby also rotating the units

wheel 24 counter clockwise by one step (as regards the view de-



the vortex chamber (73) has the diameter d of 6 :rm.d 10 mm, 2.
DeagglLomerator arrangement according to claim 1, 25characterized in
that theairinlets(75)arearranged circumference of the base circle (77)
defining the diameter d of the vortex chamber (73). 30 3.Deaggiomerator
arrangemens according to claims 1 or Z%Y:haracterized in that

picted in Figure 12) which results in decreasing the number of
doses left in the medicament chamber 8, which is wvisible through
the opening fear of the lower shell 1. As a matter of course,
the dose counting unit can also be arranged such that it does
not display the number of doses remaining in the medicament

chamber 8, but the number of doses already taken by the user.

Furthermore, since the yoke 22 and the drive spring 23 are moved
back into their initial positions, the end 33 of the drive
spring 23 urges the flap 21 back into its horizontal first posi-
tion (as shown in Figure 12), thereby resetting the flag 38,
Moreover, in this situation, the yoke 22 is again held by the
engagement of its arm 43 with the feature 40 of the flap 21.
Thus, the whole powder inhaler has been transferred into its

initial position again.

Another advantage associated with the flag 38 is that it may be
pushed down by fingers of a user sc¢ as to effect a manual over-
ride of the inhalation actuated mechanism. This would enable the
user to take the dose 1f the user is not able to generate a suf-

ficient foxrce in order to actuate the inhalation actuated mecha-

nism.

On completely closing the cover 2, there will be an audible
click signalling that the cover is closed. Preferably, the pow-

der inhalexr will reguire the cover 2 to be completely closed to

function correctly.

Finally, the deagglomerator arrangement 16 (cyclone) of the pow-

der inhaler should be briefly discussed.

The purpose of this deagglomerator arrangement is to produce
clearly defined turbulences within the inhalation channel 27 so
as to pulverize agglomerations of the medicament. By the swirl-

ing airflow within the deagglomerator arrangement 16, the active



MCSLLP the diameter of the vortex chamber (73) is the largest possible
diameter of the circle (77) which can be laid inside the vortex chamber
(7.3) on a horizontal plane intersecting the at least two air inlets
(75) without 5extending beyond the vortex chamber (73). 4.
Deagglomerator arrangement accordinﬁ %o claim 3, characterized in that
the vortex chamber (73) has in the horizontal plane 10substantially
elliptical cross-section_

part of the formulation is disaggregated from the respective

carrier.

In principle the deagglomerator arrangement of the present in-
vention comprises a rotationally symmetrical vortex chamber, at
least one substantially tangential air inlet, and an outlet or
exit for outputting the air with the deagglomerated powdered me-
dicament, the outlet being spaced from the air inlet in the lon-
gitudinal axial direction of the vortex chamber. The general
structure of the deagglomerator arrangement, for example, can be

taken from Figure 6A, Figure 6B, Figure 74, and Figure 17.

In addition, the structu:e of the deagglomerator arrangement,

which is generally not restricted to the usage in powder inhal-
ers as described in connection with the above drawings, will be
explained in detail by reference to Figure 26 and Figure 27, re-

spectively.

Figure 26 shows a schematic perspective view of the deagglomera~
tor arrangement (cyclone) according to a preferred embodiment,
the deagglomerator arrangement being constructed to preoduce a
very strong cyclonic flow within the deagglomerator arrangement
resulting in & very strong velocity gradient. It is to .be noted
that Figure 26 is a schematic view to explain the design and the
key features of the cyclone according to the preferred embodi-
ment, but Figure 26 does not show the cyclone exactly as it is
implemented in the above described powder inhaler. The implemen—
tation of the ’cyclone in the powder inhaler, for example, can be

taken from Figure 4 or Figure 17.

As can be taken from Figures 26, the deagglomerator arrangement
16 has an opening in its bottom which disembogues into a vortex
chamber 73. The vortex chamber 73 is designed substantially ro-
tationally symmetrical. In addition, there are two air inlet

conduits 75 which direct air substantially tangentially into the

vortex chamber 73. As can be seen from Figure 26, air inlet win-



5. Deagglomerator arrangement accoxdione of claims 1 to 4,
characterized in that 15the vortex chamber (73) is designed rocationaliy
symmetrical relative to its ion gitudinai central axis. 6. Deagglomerator
arrangement according to any one of claims | to. 3, 20characterized in that
the vortex chamber (73,) hahas the diameter i of about 8

Deaggicmerator arra _ement according to any one cci 25ciai= | to 6,

dows 76 are formed in the upper surface of the air inlet con-
duits 75 which for example cover 80° of the air inlet conduits
75 so0 as to enable entry of air from above into the air inlet
conduits 75. The base section of the vortex chamber 73, in gen-
eral, has an elliptical cross-section. As depicted in Figrure 26,
there is an outlet 74 formed in the upper end of the vortex
chamber 73, the outlet 74 being spaced from the opening f£or the
supply of the powdered medicament and both air inlets in <the
longitudinal axial direction of the vortex chamber 73. In par-
ticular, the outlet 74 is aligned coaxially to the longitudinal
central axis of the wvortex chamber 73 and extends along this
longitudinal central axis. In particular, the outlet 74 has a
substantially circular cross-section, the diameter of this cir-
cular cross-section being smaller than the diameter of the el-

liptical cross-section of the vortex chamber 73.

Figure 27 shows a cross-sectional view of the deagglomerator ar-
rangement in accordance with a sectional plane which hori zon-
tally intersects the deagglomerator arrangement 16 and the vor-
tex chamber 73, respectively. The view depicted in Figure 27

could be regarded as a bottom view of the deagglomerator ar-

rangement 16 as well.

In Figure 27, the vortex chamber 73 and the circular outlet 74,
which disembogues into the inhalation channel 27, are depicted.
Although the horizontal cross—-section of the base sectiorn of the
vortex chamber 73 has a substantially elliptical shape, the
cross—-section of the base section of the vortex chamber 73 can
also be defined by an imaginary circle which can be laid inside
the base section of the vortex chamber 73 on a horizontal plane
intersecting both air inlet conduits 75 such that the circumfer-
ence or periphery of this circle just touches the inside sur-
faces of both side walls 78 at places which are diametrically
opposed to one another without extending beyond the side walls

of the vortex chamber 73. In particular, these diametrically op-



characterized in that two diametrically opposed air inlets)ar(_a provided. 30
8.Deagglomerator arrangement according to any one of claims 1 to 7,_
characterized in that MCSLLP the at least two air inlets (75) have a width

of d/5 with d being the diameter of the v%tex chamber (713).

posed places of the side walls 78 are those places of the side-
walls 7B where both air inlets of the alr inlet conduits 75 dis-
embogue into the vortex chamber 73. In Figure 27, the respective
“base” circle is depicted with a dotted line and assigned with

reference numeral 77. The air inlets are arranged along the cir-

cumference of the “base” circle 77.

Studies have shown that the diameter d of this “base” circle 77
has an important influence on the deagglomerator effect of the
cyclone. For example, if the diameter d is too small, the flow
resistance is too high. On the other hand, if the diameter 4 is
too large, the flow resistance is too small resulting only in a

minor improvement of the efficiency of the deagglomerator ar-

rangement 16.

Comprehensive studies of the geometry of the deagglomerator ar-
ranigement 16 in terms of the flow resistance of the device and
the quality of the cyclonic flow effected inside the vortex
chamber 73 show that a very good efficiency of the device can be
obtained if the diameter d is between 6 mm and 10 mm, preferably

6 om £ d £ 8 mm.

For example, if d is 6 mm, a flow rate of 30 1/min at a pressure
of 4 kPa can be obtained. The cyclonic flow inside the vortex
chamber 73 i1s of good quality. Nevertheless, the reguired in-
crease in the width of the air imlets or in the outlet diameter
to allow a higher target flow rate (for example 60 1l/min at 4
kPa) would presumably result in a degradation of the quality of
the cyclone. This is because the dimensions of the air inlets or
of the outlet would be too large in comparison to the dimensions
of the main section of the cyclone, that is the dimensions of

the vortex chamber 73.

Therefore, i1t may be recommendable to use a larger diameter d of
the “base” circle 77. A very compact design of the cyclone 16

and, in addition, the above-mentioned target flow rate in the



Deagaiomerator arrangement according to any one of_claims 1lto 8
charac.):,erized in that The outlet (74) is associated with a respective
outlet. channel (27) having a circular cross-section. 10 10. ' _
Deagglomerator arrangement according to claim 9, characterlz_ed in that
the outlet channel (27) extends along and coaxially to the longitudinal
central axis of the vortex cham (73 15 11. Deagglomerator arrangement
according to claim 8 or characterized in that the outlet channel (27) has a

TEnet of . A5 H It d BeikBhe diaRfetePbhtedonéx thamben@Sr d of

the “pase” circle 77 is in the range of 8 mm. Larger diameters d
of the “base” circle 77 do not lead to further significant im-
provements of the flow pattern inside the vortex chamber 73 over
that which can be achieved with a diameter d = 8 mm. Therefore,

the diameter d = 6 mm is considered as a preferred embodiment of
the cyclone 16.

As deplcted in Figure 27, the deagglomerator arrangement or cy-
clone 16 according to this embodiment has two air inlets as-
signed with the respective air inlet conduits 75. Both air
inlets disemboguing into the vortex chamber 73 are arranged dia-
metrically opposed to one another and preferably have a width or
a diameter of d/5. As shown in Figures 26 and 27, the side walls
78 separating the air inlet conduits 75 from the vortex chamber
73 end in a fillet which may have an end radius of 0.3 mm, for

example . The side walls 78 may have a thickness of 0.6 mm, for

example .

The cross-sectional structure of the deagglomerator arrangement
16 is such that a respective semicircle or arc 79, whose centre
is on the diameter connecting both air inlets or both end por-
tions of the side walls 78, connects the outer wall of one air
inlet 75 with thé inner surface of the opposing side wall 78 of
the vortex chamber 73 at a place where this side wall 78 inter-~
Sects with the respective other air inlet. As can be seen from
Figure 27, this applies to both outer peripheral portions of the
vortex chamber 73 and to both air inlets/air inlet conduits 75,
respectively. The side walls of the air inlet conduits 75 are
concentric to the side walls 7B of the vortex chamber 73. How~
ever, the semicircular or arched (curved) wall portions 79 of
the vortex chamber 73 are non-concentric relative to the inte-
rior of the vortex chamber 73, i.e. the “base” circle 77. This
contributes to a very effective deagglomeration within the vor-

tex chamber 73.



20 12. Deagglomerator arrangement according to any one of claims | to
11, characterized in that the at least two air inlets ( r) are associated with:.
25 respective air inlet conduits, the vortex chamber (.)) being separated
from the air inlet conduits by s:de walls (76) being concentric to the air
inlet conduits. 13. Deaggiomerator élzrangement according to claim 12,
30characterized in that MCSUP 36

The structure shown in Figure 27 of the deagglomerator arrange-
ment or cyclone 16 may be extruded over a height of 7.7 mm, for
example. The inhalation channel 27, that is the outlet cylinder
extending from the circular outlet 74, preferably has a circular
diameter of 0.75d and may be extruded on top of the vortex cham-
ber 73 over a height of 37 mm, for example. The above~mentioned
top inlet window 76, covering 80° of the air inlet conduits 75,
may be extruded over 2 mm to provide the channels through which

the air may enter into the device from the top of these windows.

Figures 28A, 28B and 28C show a perspective view, a bottom view
and a top view, respectively, of another embodiment of a dosing
sub-assembly 13 of a powder inhaler according to the invention.
As can be seen, the container 7 comprises a medicament chamber 8
having an elliptical cross-section. Inside the medicament cham-
ber 8, side walls BO tapering or being slanted downward are pPro-
vided, thereby facilitating the filling of the dosing recess of
the slide, when it is in its filling position, by gravity.
Again, the desiccant chamber 9 is separated from the medicament

chamber 8 by a permeable membrane 10.

The dosing sub-assembly 13 of this embodiment comprises a deag-
glomerator arrangement (cyclone) 16 similar to that described
above. From Figure 28C, the wall portions 79 being non-
concentric to the interior diameter of the vortex chamber 73 are

evident. Furthermore, Figure 28C also shows the tangential air

inlet conduits 75.

As regards the dosing sub-assembly of Figure 28, generally ref-

erence can be made to the above description of the foregoing

drawings.
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the side walils (78) separating the air inlet conduits from the vortex

chamber (73) end in a fillet which may have a radius of 0.31-cm. 5 14.
Deagglomerator arrangement according to any one of claims 1 to 13, MCSLLP
characterized in that the air inlets (75) are associated wto respective ail

inlet conduits, top surfaces of the air inlet tonduits 10being exposed so as

to allow entry of air into the air inlet conduits. Deagglomerator

arrangement according to claim 14, Edara&erized in that 15the top

surfaces of The air inlet conc.-liftsare

1. Deagglomerator arrangement (16) for deagglomerating a
powdered medicament, comprising:
a vortex chamber (73),
at least two air inlets (75) for directing air
tangentially into the vortex chamber (73), and
an ocutlet (74) for outputting air with the
deagglomerated powdered medicament, the outlet (74)
being spaced from the air inlets (75) in an axial
direction of the deagglomerator arrangement (16},
characterized in that
the vortex chamber (73) has an opening for the supply
of the powdered medicament,
an outer wall of each air inlet (75) i1s connected to
the respective other air inlet (75) by a semicircular
or arched wall portion (79) of the vortex chamber
{73), each semicircular or arched wall portion (79) 1is
positioned non-concentric to a Dbase circle (77)
defining a diameter d of the vortex chamber (73), and
the vortex chamber (73) has the diameter d of 6 mm £ d

< 10 mm.

2. Deagglomerator arrangement according to claim 1,
characterized in that
the air inlets (75) are arranged along the
circumference of the base circle (77) defining the

diameter d of the vortex chamber (73).

3. Deagglomerator arrangement according to claims 1 or 2,

characterized in that
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exposed over an angle of about80along a circumferential direction of abe
air inlet conduits. 16. A powder inhaler having an inhalation channel (27)
20with a deagglomeration arrangement according to any one of claims 1

to 15.
34

MCSLLP

the diameter of the vortex chamber (73) is the largest

possible diameter of the circle (77) which can be laid

inside the vortex chamber (73) on a horizontal plane

intersecting the at least two air inlets (75) without

extending beyond the vortex chamber (73).

4, Deagglomerator arrangement according to claim 3,

characterized in that

the vortex chamber (73) has in the horizontal plane a

substantially elliptical cross-section.

5. Deagglomerator arrangement according to any one of
claims 1 to 4,
characterized in that
the wvortex chamber (73) 1s designed rotationally

symmetrical relative to its longitudinal central axis.

6. Deagglomerator arrangement according to any one of

claims 1 to 5,

characterized in that

the vortex chamber (73) has the diameter d of about 8

mm.

7. Deagglomerator arrangement according to any one

claims 1 to 6,

characterized in that

two diametrically opposed alr inlets (75)
provided.
8. Deagglomerator arrangement according to any one

claims 1 to 7,

characterized 1in that

of

are

of
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10.

11.

12.

13.

MCSLLP

35

the at least two air inlets (75) have a width of d/5

with d being the diameter of the vortex chamber (73).

Deagglomerator arrangement according to any one of
claims 1 to 8,

characterized in that

the outlet (74) is associated with a respective outlet

channel (27) having a circular cross-section.

Deagglomerator arrangement according to claim 9,
characterized in that

the outlet channel (27) extends along and coaxially to
the longitudinal central axis of the vortex chamber

(73).

Deagglomerator arrangement according to claim 8§ or 9,
characterized in that
the outlet channel (27) has a diameter of 0.75-d with

d being the diameter of the vortex chamber (73).

Deagglomerator arrangement according to any one of
claims 1 to 11,

characterized in that

the at least two air inlets (75) are associated with
respective air inlet condults, the vortex chamber (73)
being separated from the alir inlet condults by side

walls (78) being concentric to the ailr inlet conduits.

Deagglomerator arrangement according to claim 12,

characterized in that
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l6.

MCSLLp

36

the side walls (78) separating the air inlet conduits
from the vortex chamber (73) end in a fillet which may

have a radius of 0.3mm.

Deagglomerator arrangement according to any one of
claims 1 to 13,

characterized in that

the air inlets (75) are assoclated with respective ailr
inlet conduits, top surfaces of the air inlet conduits
being exposed so as to allow entry of air into the air

inlet conduits.

Deagglomerator arrangement according to claim 14,
characterized in that

the top surfaces of the air inlet conduilts are
exposed  over an angle of about 80° along a

circumferential direction of the air inlet conduits.

A powder inhaler having an inhalation channel (27)
with a deagglomeration arrangement according to any

one of claims 1 to 15.



