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| NHALER DEVI CE COUNTER The present invention rel ates

to the art of inhaler device counters, and in
w@0biloB@r to a counter nmechani smfor such. BaCRgEDO6IEH0423

of the Invention Many types of medicines are provided

in fluid form such as a soJution or suspension of

particles in a propellant emul si on, and are adapted

INHALER PEV¥ICENDOUNTER by a patient. As one exanple, a
contai ner m ght contain asthm nedi ci ne such as

The prgsep 1mff‘é§1@ﬁéelﬁieéﬁf? s arteof inhaleydexice CoURIETS; Yk inpagiceiasdo

amn&fﬂwﬂﬂﬁmﬂﬁ&h@ﬁ&r t he contai ner operates in conjunction
an actuator as a system comonly known as a
net ered dose inhaler (MD) system The actuator
e having an open contai ner -1 oadi ng
BaCkg"ﬂﬁl qﬁﬁgﬁn¥éﬁﬁ§ nmout hpi ece. A nozzle elenent is
di sposed within the housing and includes a val ve
stemreceiving bore. ca njcating.with nozzl e
Many (3¢ 6taRcciofRes B3F PRVed 18 A Ra™, SHied AoRBICRB GF FpipgRson of
particldsin @pesHellh@ JrR@ERINEh, and bRPRTabid 6L BREHhAR8A06y fbatient. As one
nmedi ¢i ne fromthe contai ner, the patient installs the

exampleom eeritmarr nigh Cornen asthme medicing sidhasthiicasone arepienate.
-l oading end until the valve stemis fitted into the
recei ving bore of the nozzle elenent. Wth the

In ordec omdediveemedioinieris thal patient, theecocoppmes bperates dth otﬁnjufmeion with an

cuaE QT S8BT B TR GBS

included@Honging heving b optrbcaitaib@rloadivg Bndneh plispeasnoanpiess. ! yozzle
action causes the

on the exposed. contai ner. end.. Thi
element b%él%ﬂou%ef &ttﬁl he Ew&g W&aﬁ%ﬁ %/V"aﬁ Hepdsprdupe e he

commdﬁ@da\’lﬁ fe LB nd&ﬁle‘-‘dhfic@ The &M&%@ AinSedtB® aﬁ(?ﬂhé! %ou@{fh&ﬂ Iforder to
design of the valve, the design of the nozzle

recelveea @fﬁpﬁly mambdc@tsa&fre@f medicing fiont e contaings theopatisnhiastals the
contam*e{‘ﬁn&‘{ﬁ% é‘é{?}a@? 'tﬁroug% &E% BtaH‘%E Slg e‘faf‘% Qﬁc?\grlxtfﬁh%/ Wﬂ% El%qs {nted into

Icine’ls ere ere
the recSumlg barcoithanoze elsmf:nﬂ Véith metcbntampr sdesetlad nhxdommlsmﬂend of

the congp A ERISGETR I S §EaFe T e Bee LT St Hedt i prgpt hen

places @k ni@dhgibdRanase6r Refeeh hhd Pahes Sob@waidBLet the@xpddad container
order to visualize the nupber of remaining doses in

end. Thig,aqtiog papsen degsonghanar d@ displace dowpwaghasith %pw.taélu: Al yerstem,
which & (GRURNsELts fHRaLIAT BRIY R thb8e T%ﬁ)%e Qh1vBRAL BEAE of the nozzle

remal ning 1 n the container. Counter gi ves an
element, agfl beitvesn thef intghieon of thercoplaimee am(h@le amblent air, a short burst of

precisely metered, atomized medicine is thereby delivered to the patient.

Such a container is filled with a predetermined volume of active substance, i.e. medicine.
Hence, the container can nominally deliver a predetermined number of medicine doses before
it has to be discarded. In order to visualize the number of remaining doses in such an inhaler
device, it is preferably provided with a counter that displays the amount of medicine
remaining in the container. Thus, the counter gives an indication of when to replace the
inhaler device or container. The display of the “present state” can either be done in absolute
terms, e.g. by showing in figures the actual number of doses that are still available, or in

relative terms, e.g. by a color gradient from one color to another.
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i nhal er device or container. The display of the
"present state" can either be done in absolute terns,
we2@s/1mpseshowi ng in figures the actual nunmber PET/SEREE000423
that are still available, or in relative terns, e.g.
by a col or gradient fron1one color to
anot her. |l rrespective of t heZdi splay type, it is of
Irrespeti 6&bF ﬂh@?&"pﬁ@ﬁ?ﬁe §thabf %ﬂ&ﬁt EontRde tHEtQH@Bd)!ﬁfi@tdﬁ&fnaﬂ@hl does not
over - count "and” especi al'l y not under-count. Unde
over-cowinnil gepesiatly Inébwdetrcaurgl Vndericonntitecian leagdo @ssétflatlon where the
t I
user b RPN PR S ke (08 oBEN MR LG 5o 1 B8y ke can
be lethab mmae yontoaty,roueocwmaiting resadtsl it thai, mot drapty imwiere nvpkl pe discharged,

TR Y Fr e e T

the us&'vﬁﬂ%@ fetqhill vitag betie prb@uctiSatreiding patieht @st alfdl‘lwhsw(ﬂbmduct and
of the product, |ncrea5|n% patient cost and wasted
]

wherelyy @glgi@@g %iﬂbc%@?%? theri@baler gu ightiepgape e the fAYORMERt if the
dlscarc!(lfarlﬂfl:ﬁ%r elg‘ngf‘% E@BECd Ay LG BRN T REHERRES reh{uré fR over and

i scar er 1s not dlsposed correct Y
underdRenfingeroery tgbé tetiinied. Aeipdisausseddn doteil im 8 appl: 0401773-7, the

under cquntin rr
coun HAEEE QA RCERERL e R TR AR SIS i
order tb hﬁmﬁﬂul tie riskfotiimkiebeouptag tTlnmh@kvq;ms,tlednbft@ that tHessituation
i est .possible fire, 0|n in or ﬁlto mn

. h .
wherel 0 % G 1 BB K FARITRA LS NGUEE InleBUIYR 1 REEr o cchieve

actuatibR @f el iHAdbOMvRETERYL tH&Qn@t@iedeols@{ﬂaW@bﬂ 188 inMaldr dev1ce allows a
continue a di stance after the count point in order to

relativelyHpes eondiped aqteaiogrmetinn aften meeﬁlre@@mt&éher?fﬁr% &RY coynir must, in
add1t1d?iet|tc>§1re qﬁ%%ng bR r]]&gt bEi*E)?e irehat ?BmQ BYdodR dld t%%c&nmodate the

reldativ ong continued actuation notion after the
continfied aa:tlmblontrnotiﬂmewahgmteioubhycosloum ele. must, in addition

to perform ng one count just before the fire point,

al so be able to accommbdate the conti nued actuation
In mar¥0dds@ Boukis Emu trelﬁkﬂ)\ttbil c@ration Ifmﬁoti“a)g ietransfdrredvany inkas®@ental rotational

counters, the relative actuat tion is transferred
motio BY A UKD AP ERERGHAT: O BOLY e HeshRRBRS finatxact and
count é‘;[h@tl? BNt cHmE PG Hashet VALiOh dBE rdt@onSaithe PRGREWhShat &b he

exact and count exactly one count for each activation,
controfld tor exagt ineremsntst Reere atechsically 80 tipasof Bens feprhioingench
Conuohgdgﬁgﬁﬁllncrenents There are basically tw types of

or achi eving such controlled rotation:
e | Incremmammnilbi dcymglbaqlmgtduan lprevenaon measy; 8viba foronohegresiixed pawl,

FRTNECE MOV T e T
fﬁtcﬁ%t ®hedlbeldirl sant d‘dﬂﬁkd %@el THeeyehet Wﬁaed iscttenteet rotated in the

angl e, The ratchet wheel is th reaft that eig CP |i1
opposite direction during the reset motion o the paw unt1l e defined angle is

reached and further rotation is stopped.

e Step-less back rotation prevention means and controlled engagement and
disengagement between the pawl and the ratchet wheel. Friction forces may cause a
tendency of the pawl to flex radially inwardly towards the axis of rotation of the
ratchet wheel at the point of disengagement, whereby the resulting angle will depend
on parameters as: friction coefficient between the ratchet tooth and the pawl, the speed

of the actuation motion etc. unless the disengagement is controlled.



10

15

20

25

30

opposite direction during the reset notion of the paw
until the defined angle is reached and further

WO od0at1ieo i s stopped. Step-less back rotati onPCT/SE2006/000423
preventi on neans and control | ed engagenent and
di sengagenent between the paw and the ratchet wheel.
Friction forces may cause a3tendency of the paw to

Both S?%ﬁ%s Lad B'%In!efg\ﬁ ﬂ#@ﬁe%%feh@%bﬁ% £¥hid¥bse Qunfe@dadib PR 1B later

atche t he point of disengagenent,
fnctxomky@r: bbyaushis redes thereffeetny |t1@e asemblydplsrricen teselarroearisting the

riction.coefficient between the ratchet tooth and
Vanau?lhlél %g\ﬁf ttpﬁgﬁspeed of the actuation notion etc.

unl ess the dlsengagenent is control |l ed. Both systens

0 Po R ISEES il A0 RO Bt SR

dose 1&(@&'&%? detibe waldhe &l a ffst bRBod@HRaMR a)tadHRl €6 BRCRT, of the protruding
her efore restrlctlng the variation in the cou

portiopef the actgsplpentsier Nbhe Qmarlsgzne&é%refm@ééheﬁdpsaésawaq is of ratchet
wheel gﬁ&s? S@fwfﬁf ARGt ﬁgc deseitiRg ?xoﬁgﬁg @nrﬁg @)g A& ﬁoﬁ@ﬁ@emd of the
cat I rst i ment

evi In a
aerosoammhaohlmg thi emmhl etﬁrfa;ch of fredtibwldi ltr;glsmgramdoma@ﬁat@d]by the

a0 R GBI QBB A R 1) 888 ot e

inhalet ¥ecel Braddediovctdimodats @cthdxﬂgssIvi&aabtlﬁtible md)ssloﬁrthardtd:t&zt wheel and
end of the aerosol contai ner along the exte

paw BEphRTEE iHPrOvHIedBLINAY RGN LTS RgdnTas 4t {Yeﬁgf% tawl to

move 5 feﬁEﬂeﬁﬁm@@His%c@ﬁﬁMﬁ§ﬂletaBﬁ1a@§ﬂ HtieR, dausd AGuAdE hdtfon is
unt er ou5|;ﬁgfF urlgl(% actuation of the inhaler

transfegi@qht@ the nawl giagidexible lmkaeai gt allgwy the pawkEiofign to end before the
amnm@ﬁg&ﬁ}lon notion, the ratchet wheel and pawl nechani sm
I'S provided with novenent restricting neans that only
allows the pawl to nove a predeterm ned di stance

US 6448 4 it BT B o R bAsT i PR foss PHRE! Fhh s JRb P means,
drive thBas fad drdMBg b Retaliawar DI pOWise Fashish 1|ﬂ&és;foﬁsd ﬂ@&hsplacement of said
actuation notion. US 6,446, 627 discl os

actuat T A BIOEY EBBRPTIIIES Y MFAPBITE SABITICH ! 3Eehsstssth around
its perl;ﬂfq@lg's Medht %ﬁ% Sﬂ%@\gaéd oY retint ¥vBBe @otﬁﬁ’ér%ﬁ’thg eGhry g’éar said means

W se n inresponse to di spl acenent sai d
preferdzly being rstepelasssrestmtdnwts & e derar oo frmitiosichycha A/\ﬂ@@ble tape is

prov1d6§ lergx%a v131 e]\?ég O%chggmeﬂgn‘g(}ﬁ%g%ﬁ %trlms%ﬁﬁﬂ&dmﬂfcﬁnrég the number of

revent rever
med1cﬁrﬁé1ﬁtdo©eﬂ; Iefnairﬁh@ maha[r;ha@ealf‘he tad mdmrby amirefle irdddey in response

o cach o3 B R Rl b5 LB Slorolsec
regulates the position of engagement and disengagement between the drive means and the
rotary gear whereby the angle of rotation for the rotary gear is controlled for each actuation. It
is specifically discussed that the control surface serves to inhibit the natural tendency of the
flexible drive means to flex radially inwardly towards the axis of rotation of the ratchet-
toothed wheel, and forces the drive means to disengage from the ratchet tooth at a fixed point.
However, the proposed dose counter is of relatively complex design and not possible to

assemble in an efficient manner.

Moreover, for hygienic reasons it is preferred that the entire inhaler is disposable, and that no

parts are re-used. Therefore, the inhaler, including the counter mechanism has to be
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provided with a visible array of increnenting integers
on its surface indicating the nunber of nedi canent
waoelomwed10060mai ni ng i n the inhal er. The tape i ndeR€FSERN06000423
single integer in response to each step of the
step-wise rotary notion of the rotary gear. A separate
control surface regul ates the position of engagenent
inexpeffl¥e B HBASRIRIEE: R IHRAntchR BY in¥penBiaBst ghvdid &nprise few
rotary gear whereby the angle of rotation for the
parts apditghquigdasimple toptse®bleed for each actuation. It is
specifically discussed that the control surface serves
to inhibit the natural tendency of the flexible drive
Due torthalimited sizk ek inhaktra Ithe/cqumma mwyably) Wway bet Smaﬂamhsphcﬁspemally

s AR o 1% A 9UR TSP SR, A5l o] B LR i

the nuinbest re@hiting d&wayeﬁbsoldﬂ@nmﬁbﬁ@&edhﬁﬁglﬁes:m»mtte beismatifsized in
rel atively conpl ex de5|gn and not possible to assenble
Ofdeffpﬁthér?oémﬁ@lfétﬁflﬂ?ﬁh‘ﬁh@Pr Mifeover, for hygienic reasons
it is preferred that the entire |nhaI er i s disposable,
and that no parts are re-used. Therefore, the inhaler,
including t he counter nechani sm has to bei nexpensive
.n order for the counter to be
Sumn‘aﬁ% E%ﬁe;iﬁn\?gnﬂll shoul d conprise few parts and it
should be sinple to assenble Due to the Iimted si ze

t he counter ineyi 0. be m%
The ofst o Hgdputian 1y torEgYiEa R PGt py G e SFE i ntler
and co@hﬁpb@&eoﬂéﬁ Snel o¥ rﬂc&é idksitaakd of thb ri6t Artlathiois atltieved by the inhaler
| ays, showi ng the nunber of r emai ni ng doses by

and th@u%leap@nmrra?;&e&ne%@ the depfideRCIEPe t 0 be snal |
sized in order for the counter to fit in the inhaler
device. Sunmary of the Invention The object of the

One advantage woth sugh a@oqmtgms dhent & compriseshan easy sedaila larapdisglay and an

t
accura?ggﬁlgclgxpg% gﬁ%n ;? ?ﬁ&rse gtée%g#?{h%%_ﬁx% g%lgi%gﬁgﬁﬁnggg » ereby the
countelr Reinkxfeakioe t@pdude |nhaI er counter as defined in the

i ndependent clains. One advantage with such a counter
is that it conprises an easy readable | arge displ ay

Embo@RRnRbf ALk et iRE DefedTh G aupka®st Ohirsd. X separat e
parts that are easy to assenbl e wher eby the counter

i s i nexpensive to produce. Enmbodi nents of the

BmeegécgﬁmogbqugPi{tg&%ﬂ%j in the dependent clainms. Brief

ion O aw ngs

The invention will be described in detail below with reference to the drawings, in which

Fig. 1 is a schematic perspective view of an inhaler device with a counter according to the

present invention.

Fig. 2 shows a schematic display arrangement for an inhaler device counter according to the

present invention.

Fig. 3 is a schematic cross sectional view of the display arrangement of fig. 2
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The invention wll be described in detail below wth
reference to the drawings, in which Fig. 1 is a
W@ edveraioBe per specti ve view of an inhal er deviPEI/8E10b6/600423
counter according to the present invention. Fig. 2
shows a schematic display g{rangenent for an inhaler
devi ce counter according to the present invention.
Figs. 4ftd¥c showsa sehefReNBEdngpl€ bPs Sosratmehahisi fevaminhilee device
di spl ay arrangenent of fig. 2Figs. 4a to 4c show a
countersaogaydig © tBx BrestE ivEnHoRount er nmechani smfor an
i nhal er device counter according to the present
i nvention. Figs. 5a and 5b show the counter nechani sm
Figs. Sohnd flyshow thetcoudter michamissr hEfgs: #e to Hhan e schg@ptie énhaler device,
.partly i.n _cross-section. Figs. 6a and 6b show
pmﬂylﬁf?%%%?%ﬁn%f the inhal er device and the counter of
figs. 5a and 5b. Fig. 7 shows the basic geonetry of
X the pawy and ratchet arrangenent in the counter
Figs. Giaih i AW B7110pet Dinnglengevieq el the colief 3deS i The
basi ¢ geonetry of two possi ble pawl and ratchet
) arrangenment provided with | ever neans in accordance
Fig. 7 shiows theheasisr gesaetryioh rapavd nd patghet agangegneghinsthe gounter
chhmﬁggqg?%gnhngq.'disengagenent of the paw and ratchet
arrangenent. Fig. 10 is a cut out perspective view of
a back rotation brake arrangenent in the counter
. mechani.sm o igs. 4a . to Ac.  Fi |
Figs. S ERARRTTOM 1 PG b Vel o Ble bt ol hideBarpngement
providédivah lomr hicakeinatcdrighce WittHihg prebantitioansionhe basi c
geonetry of the ratchet wheel in the counter nechani sm
of figs. 4a to 4c. Fig. 13 is a graph showi ng the
Figs. 95 €561 sHRY SR canpitiaad dpq\én?agéﬁié’m &ithé P@WI AdGhRhetviRBbe@ént.
fig 12. Detailed Description of Preterred Enbodi nents
Fig. 1 shows a schematic exanple of an inhal er device
. . | o d
Fig. 1030 aZ0IR pBl-L A VRUPLEE nak SRR EAID chldnd e B Sounte
mechameayof 3Fswha th 4&. nout h pi ece 40, through which nedicine
is delivered to the user, and a contai ner-counter
assenbly. In this enbodi nent the counter 20 is
Figs. 184 bt hEdschembfiea§ RHowth@fortdapadsent i and Bdckestafio@brake of fig. 9.
shown) arranged :

Fig. 12 shows the basic geometry of the ratchet wheel in the counter mechanism of figs. 4a to
4c.

Fig. 13 is a graph showing the reset torque applied by a pawl on the ratchet wheel of fig 12.

Detailed Description of Preferred Embodiments

Fig. 1 shows a schematic example of an inhaler device 10 comprising a counter 20 according

to the present invention. The inhaler device comprises an actuator body 30 with a mouth piece
40, through which medicine is delivered to the user, and a container-counter assembly. In this
embodiment the counter 20 is attached to the end of an inhaler container (not shown) arranged

in the actuator housing 30. The inhaler device 10 is actuated by depressing the container-
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in the actuator housing 30. The inhaler device 10 is

actuated by depressing the containercounter assenbly
wowaok/1t@spect to the actuator housing 30. The POI/RER®NG6/000423

20 is arranged to count each actuation of the inhaler

device 10, and display the actual condition, via a

di spl ay arrangenent 60. The ounter 20 coul d further

count@?as@ﬂﬁ@l&gﬁ% Ripdte Rk aglfug%)’? hg&gﬁgﬂg)ﬁ@kﬁggs{;@g}n Pk &@g gfddto count

ctuato housi n
each gitepiontof theohhalgcdaviat Wy anddispley ihevastital oonditidre vizoadisplay

[ i ded t fthelnhalerc talne
ol g 551220 bR R b B 0 R Ppeon
attactied tagreithlatorGopsing 80 se.ansh thé froAoackbidaehesbt o t he

i nhal er container at any one of nunerous points al ong
the cani ster end opposite the valve, i.e. the part of

Accotdhgs ©ané ﬁltvgﬁtuﬁp E}%Sd(ilﬁtefr hOM ABGid¥AbN® (AL 6 off rtl%‘“i‘nhgl@r container.
outernost edge of the counter to its Insi

The cgprtpi) Eatﬁg@@dée theginhaler esmtaier jo g assombling groaassymdgt can be

attackkg @%%}{%aclﬁ%e Cc%ﬂ%/a\?\x}]egr L rg)n eﬁdg%gﬁierdm o%r%tgglggg I%hge:cgpls e ﬁnd
oppodifeithe vabxd, i metheiphit of @fesrantseer apposite fromi the, vaivei stdin IfSorh i3

ressi.on _af 1he inhal er contajner
outerig s8Es S 5€ ERBMES B BioR o bty e ik raneesdoeatsy of piettions and
varyifi€leh¥8§ of@nasttasRraikedred ;2 aBiiteradad b3 28A6H aRQiAtre on the base
whi ch is the amount of conpression of the inhaler

of the3pistefner with respect to the actuator body that is
necessary for affecting the counter 20 to count one
dose. Since undercounting is not to recommend due to

In thig tg&t we sWll refer totafere point, which és/tbs am‘1>ant Qﬂwn@mssmn of the inhaler

contafﬁglgévﬁﬁ P&BECt t& El{e zicﬂJa'ti(ﬂ'eoodg Qﬂ}t % ne%g g é%lmgln% & dgse of

PO At
medlqamdtedrxelrmdmedp@m) witicH B3se drhéumt bh %ﬁpﬂe@n@@pﬂ’lﬂhe inagsr ebitainer

ff | ded. Th
with ) @t o e a by earmpry Geaeson BB puar HbesHg one

dose. Bfhce Bndtidiinging IPERAD kS {raeCuk @@916' fikdeitahd uRe b@l@ves that there
and a display arrangenent 60. In the enbodi ment shown

is mediparpgny left in; th indgales cagtainer whefeitapmualbpisi esyy.ohe gewnt ppingis set to
be a p&%teﬁﬂfrfea%ﬁm%gt 13ks thiff tROUB LS nt hﬁt;ﬁ%é%gf xglgg #tﬂ?\?]tt}%untmg is

di scl osed enbodi nent, the top’s

effecthyelysivaided0 i s prOV|ded as a transparent noul ded part
150 that closes the housing 70. In the disclosed
enbodi nent, the counter top surface 80 further is

The coutnitdri20eisl basscaly coatpiiztd 6fa sotnteateuiing 7004 mﬁqte@ meRharifig

T I LN A L R S
the displdyf BEg&BentSGOUS PEbvaded in a top surface 80 of the counter housing 70. In the
disclosed embodiment, the top surface 80 of the housing 70 is provided as a transparent
moulded part 150 that closes the housing 70. In the disclosed embodiment, the counter top
surface 80 further is utilized as an actuating surface for actuation of the inhaler device 10, i.e.
for depressing the container-counter assembly. Because the counter top surface 80 is used as
actuating surface, it has to be rigid and wear resistant, as it will be subjected to compressive

force and wear during the actuation of the inhaler device 10.

Fig. 2 shows a schematic top view of the counter 20 with an example of the display

arrangement 60 according to the present invention. The display arrangement 60 comprises a
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actuating surface, it has to be rigid and wear
resistant, as it will be subjected to conpressive
wo croca1@e@ wear during the actuation of the i nkel/8E2006/000423
device 10. Fig. 2 shows a schematic top view of the
counter 20 with an exanple of the display arrangenent
60 according to the present7i nventi on. The di spl ay
i i€ §i itfondi08 Pinale &RElob&Ner@bdiment,
satte G B R P et ocl ages
the staterbispiagsedtiont9fesusbandsche moyeabje sestion dR0.opnigh isrinyided as 2

he noveabl e secti 00 - i i .
B
area with 3@1@% ff&ﬁ@lta '{nﬁﬂlb%%fjo cﬁ)seﬂ%eﬁmhﬁh@i‘n the achiainen !ané::}ﬁean@;llah position

i ndi ces for the nunber o S, renmi ni ng. i : :
of the pRteRT ROHS ShES A Gt Wadthts GHapfriis ds Paible tpygshieve

the ad\fml?&&%eg W DOHNRIARE YA QY hlue Widhiibhios e mapememimber of
I'S possible to achieve the advantages with both

doses.rel ati ve and exact val ue indication of the remaining
nunber of doses. Fig. 3 shows the essential parts of
the display arrangenent 60 of the counter 20 of fi % 2
Fig. 3 klioves the ssssatidliparts offthe displayatstangetnens| 68yof slecequater 2001 fig. 2 in

rovi ded as i nter 12 ' '
o Bt 35 B A on b R DA R0 12, oo
rotatidAg} 6MtrolER®y B cYuatingvirehanls2h (desonivddsedove). Ths pbiater wheel 120
portion 130 with the ?m nt er %1)1100, c?nd a counfﬁ%r. ensasin
comprsge R AiFPlan RORERIy] 3 ish Fe Ronten b0, ppd ¢ AU Y SPIIS™ engasing

poﬂioﬁ?%,qﬁ%%ﬁﬁlcﬁa'ﬂ)&ﬁed@ﬁeél.o 4c show a schematic exanple
of a counter mechanism 190 for an i nhal er device

counter according to the present invention, with the

: ousi.ng 7Q r i OO iSBSedevi
N
counté@latestdiearo the2ssent inlvemtionatvithebe hbsalg ZB3@moand The counter

rotatabl e poi nter wh 120. The r [_al .
meche@bs(% Fci)ngggseé aﬁg%er 35 ESéfr@dregxgn E)?]\l/%gt g&%g}n 3)818 p%&%?geénegl; 240 with a
ratchet DBl 2801 2 Biatddlc poidtebvisgd 20n t he downward direction

by the return spring 220. The rocker arm 200 conpri ses

arigid rocker section 250 that extends fromA to its

The r%%@feﬁn AR Q2 f8s 9?5@}?2{&, a%@istﬂieotmv 5@poRtbd b qqeﬂmsihg @t A, and

ere 1t makes contact w't aprotrusmnfromt e X
biasedsintthatownmadsiitegtigraby thelrptupespsiiged0; Aheiocken armgd0fycpmprises a

igid Bk Sedl 2l B R A b, {0ucRh BRYESbttom of
R e
the hduBiRE &¥TRRS Bmaked edritan alithrgrogmsiop fromeibe aettirtonhorsinplas vfill be
shown Eledeltaqplaalte(re)r, and a flexible pawl 210 with a pawl head 270 arranged to engage and
drive the ratchet wheel 230 for incremental rotational motion upon actuation motion of the

inhaler.

The axle arrangement 240 comprises, in addition to the ratchet wheel 230, a back rotation
prevention means 280, and a worm gear 290, all arranged on the same axle, supported by the
housing (not shown) for rotation about B. The back rotation prevention means 280 is a spring
loaded friction brake, comprising a brake disc 300 that is biased against two inclined friction
surfaces 310 by a brake spring 320. In the present embodiment, the return spring 220 and the

brake spring 320 are made as one unit with two separate “spring-beams” extending from a
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The axl e arrangenent 240 conprises, in addition to the
ratchet wheel 230, a back rotation prevention neans
wWQ2®s/18080 a wor m gear 290, all arranged on thePGHRAE2006/000423
axl e, supported by the housing (not shown) for
rotation about B. The back frotation prevention neans
280 is a spring | oaded friction brake, conprising a
commdif Rken#igDasa3P attivhinenstothaheskigg@onsiown)OThesdck re@tion

friction_surfaces 3 a .brake spring 320. In the
prevengpm MEaps %%%w&f%iﬁ%&tt%};?r&ﬂa .dﬁta§ p#Fing 220 and the

br ake sprlng 320 are made as one unit with two

separate "spring-beans" extending from aconmon

The pojrden whioh §20 woetafable ghouhehitdas a periphiseal manksifrieptlh A30 that engage

the woﬁﬁ%\g%) %960 dﬁ?ﬁoaﬁzoqgtef %‘L@E‘Pﬂg 11% ﬁl\é%%ﬁlh gcghn%ﬂ‘ nl%tlggﬁg%éléi &\8)? shown

in figs.idm-a)oTmisalegpondienwhee] 120 ishttabrea fcpxebta}rxb& Iahcbutrtab}( thefworm gear 290
teeth 330 th engage the worm gear 290 and a pointer
Onthe§ﬁﬁzqqﬁﬁ9§ﬁﬂ 2@lthe dose-count on stationary scal e (not
shovvn in figs. 4a-c). Thus the poi nter wheel 120 is
ven for rotation about y the worm gear 290 on

Figs. 5@ e o pleova thecnoyaicemeckanm fc?% 3 fis5 48 #1050 8 hefiwmaie Inhaler
device $0UpHf {I il&ehan-65. 19 11%211&‘ c&%xce‘i@ CB& &Ses dnhcfhator bodx 30,

_ sche I ¢ inhaler device 10, partly |n Cross-sectio
which gripdoses h ghwdpter33) hadding tlmmpdlpsmsntaﬁhamednaamntbs deli®ggd to the

user thr?%'gﬁla ng‘él s?e%ﬁ?»&?g&ngl%{:t%& Gla Oesetondh ?ltlg 1s er%?peﬂé mdamament 18

I canen elrvere
inhaled\/by the us¢rehrodgh aammlqnéc&mmann ) pembf ﬂfe ztchettc&am)tlyBerThe

The nedi canent the user thro
mouthl?lrs‘fﬁ‘wphs I ESUECHLY 1t e, VﬂE %te%é%%‘ KE e AES VIR 53333370 for
recewﬂ%ﬁheﬁﬁéﬂl&ﬁi’h@ﬁ & ¥dddISeted. FQEEHLEORe Wbictdulifer ViRl 26 1§fn%mded at

O via a stemreceivVving bodé/; 370 for receivi
t

the end PO At a6 T8 o B1eHBISE 35t We ebpdindnts dipgesed hercin, the
dose ccﬁl‘ﬁ Ll 2'6% ? e?%aﬁlg ngrﬁa‘Heﬂﬁg %%ﬁchte{f'?o t%ﬁgaxggggpgﬁd % E)Hfér 1o avoid

e 360 o ni st er rent's
that thecntmotem el 2Res winmved frondosecapistant36P and ttached bs another canister

refer ahl nmanent | att ed to.t i ste
350 coffp R e IRNS Hhedio bR DeebRudiiS0 S50 e HachBD e
countexf llrﬁm@ﬁ&)eﬁeaﬁbﬁie&‘rgeafﬁfe agag 1rﬁ1|falea©|hkﬁﬁkfs@1ﬁb13anHéﬂ ra d‘o@é‘ bﬁt er
. 350 contajni a di erent | evel of medicanent.
medicament ﬁf?%%@ﬁqgaefqﬁi 1P Hs uset dhanighalgnsw aserumhlz s mrmsp@ewwards
whereb'?%@@il‘i/@ EtefnBI G5 @dtedPinfSa ABLitiBNRh&E iCRNvAISETHRL ¥f mbBRBment,
dose of nedi cament should be delivered to the user,

or by Otmé Wordsap &ifed a"hlsag eeafgrity wite sway inholatina dasiconescetsing to the
prior art B YA 6 5! RAD, oglﬁﬁlgﬁga&ﬁpé{éto a position where it

Ivers a canen other words is

fi red. This is in conformty wth many i nhal ati on
The dose coun?er 26%881&)91'3(93% cto%n{e? ﬁousing 390 and a counter mechanism 190 of figs.
4a to 4c. The housing 80 is, in a downwards directed surface thereof, provided with an
aperture 400 that is adapted to receive a protrusion 410 from the top edge 420 of the actuator
body 30 in a mating relationship. When the inhaler can assembly is depressed in order to fire
the inhaler device 10, as is shown in corresponding figs. 6a and 6b, the protrusion 410 extends
through the aperture 400 into the counter housing 390 and engages the lower portion 260 of

the rocker arm 200, and hence actuates the counter mechanism 190.
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prior art and will not be described in nore detai

here. The dose counter 20 conprises a counter housing
wWQ2@can®s@ count er mechani sm 190 of figs. 4a tBCHSE20061@)0423

housing 80 is, in a dowwards directed surface

t hereof, provided with an 8perture 400 that is adapted

to receive a protrusion 410 fromthe top edge 420 of

Fig. 7 shows dtes heatoogeohedy o8 the mockermarhi200 ané kathied n&bélpl?so\ﬂhﬁﬁgement in
ofire

e cou B RSP 1685 B5250 e PeStER R0 nefy P oaipe St
arc of r‘adh% R @inanee flkelt M6tidH, ahd teicaBadbh@newi@naa diéahg%%em from

he aperture 400 into the counfer housing 390 an

the ratCélﬁfg\ab@é Z8Peesprohies thromeshing YW ogreat Waealy dkasyevaniin polpr for the
pawl Zﬂf‘ﬁi) 118{3&&9@16 ‘?&Eh@t\ﬁﬁzef ki) é:@éép‘ts@ E eﬁ?% kS {Hejrg%g \;gl}]e§?230 is

hows the basic geonetry o er’arm
arrangeidacﬂ@qethaml@eﬂde@mshmgahgmrwheurabytthe nmtion o thenpeeh nads2i0
imvotveb i s8ieald Ang v adtice e ETgemeh Gk R PR kD 20, I i
way the pmkld‘reaﬂﬁ?@ eigagalitt tabtcenBay 2@ Bdm¥hiidle atier than for the ideal

Ise nt fromthe ratchet wheel 230 resenbl es the
meshingSAMLG 01 1o S8 A CURASE e PORBBRT. I At G hg B to be

resetablRaiMe rgél@ar b [Obiade ih e ‘%@B%ﬁn%’ﬂﬁ%kn&? Qnd@ tlg:ﬁ%'wrl 840 is flexible

l e g. 45, the ratchet whe IS arra
in the redlglscbfeqlwa nherpawi déQis aseentipty siéff én ﬁﬁccercuméqr@ttgpl thection.
noti on of the pawl head 270 invol ves a decrease of the
travel radius after engagenent with the ratchet whee
In ordezwoavetqmmdﬂls tanslgndyhef tb@pdwler@cto 7128 rafighg@wahdly tavatiethe axis

o a5y 220 BP TR QR 57 b S8 O B spgpgmont's
effectlvleat c&ihtro]létl orttlerthé pawl zhﬁd raRES AR 8 RhentReplooaRE MtilevéiiBeans
m.is biased in the "non-drivi na@l di rection,

arrangegi g e&ﬁ?éaﬁb%ﬁ}we%féefp@ﬁﬂf dheinsvd from 2 froth arayFhsiraighetowheebLhe lever

means FBYefBYdd BLQ tb §st§l§§sﬁ"&5hﬁ’ﬂén¥ ofthk IPBW! Bnd fB€ ratchet wheelhat alever
circunferential direction. In orfder to overcone

point fqlléwmwl tefoth Wwish pespect2a thet directien of thd irethtignal mmitodl Ifﬂgs 8a and

f 1ot t
T N N BT —
of the pawl] 210 froti thelagcleontheel A36dni ordértfat thehevep Manﬁﬂ@b toautiin as

aens B SSRGS R85 e

suitablel digtafi RIS ARkn B &Pl of tHEavifeed, RPN 26Ldskesh @[b%ﬂgasg@nﬁﬁt angle,
to establlsh abut ment of the pawl and the ratch

and desighand rajtetial|chyraptengfigtof the 9%249 agé the reighetvhgel 230 In the
embodiﬁl%ﬁpﬁ(ﬁ fatsg thé ?ev@f FRGAd 5D 1QForH%ﬁ b'gzoat &BVB@QAC&%%@J‘SIO of the

Fi gs and 8b show exanpl es 0SSl
ratchet whes) deetie ARG anst 2 loaw/profibeepavd co0ftet surfaon 5BQ1IIn the embodiment of fig.

8b, the BYBSRIAISTRN rolnch BE ARAPL A ALOMA B8 E ALGRTIGE, 520

and a protrusion 550 on the pawl counter surface 530.

Figs. 9a to 9h show the engagement and disengagement sequence for the ratchet wheel and
pawl mechanism 190 according to one embodiment of the present invention. From this
sequence it can be seen in fig. 9d, that the pawl and the teeth on the ratchet wheel are formed
so that a lever point of abutment is established at an angle preceding the desired
disengagement angle. Thereafter in fig. 9e it can be seen that the lever action forces the tip of

the pawl head in the disengagement direction with respect to the tip of the tooth on the ratchet



10

15

20

25

30

di sengagenent controlling nmeans, it has to be designed
so that the lever point L is |ocated a suitable
wale@banmeo D fromthe tip of the paw head, deprCSEIHOEIN0423
desi red di sengagenent angl e, and design and nateri al
characteristics of the pawl 210 and the ratchet whee
230. In the enbodi nent of fiog 8a, the lever neans 500
wheel. 'Whérf’ﬁ‘ngﬁgsﬂ-ﬁd BsehBAVESEnP AcHe BUtiee, a'él@sﬂlfwr{ 1%@@3391(‘41@9 g, the

teeth 520 and a |low profile paw counter surf
lever astw eventugHy effpadin them@ntromd f?lﬁ@lga%nentt REthepa hﬁ%ﬁgméb@tooth
on the el WREH, 6.3 L Rlyald e 8 D880 B fheThekel Imh yfctEby the
ratchetoateat ﬁrprwnfedcfmrﬁ Béck Jfatfgﬂ)n bgahe fricBilon dhadiw 280 eas will be discussed in

en jgfnent and di sengagenent sequence for the ratchet
moreqmgl Ahd pawl nmechani sm 190 according to one

enbodi ment of the present invent i on Fromthis

sequence it can be seen in fig. t hat the

n

As is shpnan freBgsh SarPhithrlevag RaRE onjhe &tchet @’hP%erﬁE dedes %‘aqn e back
surfacd GMRE s@ﬁb(ﬁﬁeg?fogﬂp PR RbuldDe dSdatldl dt She 9«11?&%1@;5})1% e ratchet

precedi ng-t esi red di sengagenent angl e hereafter
wheel.in fig. 9e it can be seen that the lever action forces

the tip of the pawl head in the di sengagenent

direction with respect to the tip of the tooth on the
Compir@d ot ‘M;Eeﬁl a seplare ¢dnerotl@stace deabirdieg g[aUSrﬁe41ﬁt6 @’79 the firgvision of

tever B QU0 (/LI PRt e D6 T RDR BUMHIF St g Loty

on the AfredtifeR@ibn B&ALeA RPN 10 8Rd the@itchdivieal EJIB:Indeée hot depend
Fi 9h illustrates the reset notion of the rocker

on add&rq%mal Py ébynemﬁ@n@daqb@r\f@t dogp entsrs fogiahaler deyices é%ﬁfﬁ%?&kned to
small sg&:t &d 189 5%@’ ¢, e 64 rgg hin%rbs %@A&%u@@?mu@%é’h%ﬁ ’F}ﬁ:refore any

cussed Th nore below. As 1s shown in figs
reducti®a-of metmmlbeewémtépmq:tmg pmﬁsnmeasaﬁ thhetcwibese! can be
| ocated on the back surface of the subsequent tooth,
but it could be |ocated at any suitable point on the

Fig. 10 ﬁtaCdﬂlebut\M&@bcm@OJmabéd bhck fdngtionealef arengepentad86 in the counter
mechaoE | ) ST 1 By | HEHEISSTPG A0S BF Bhferotition prevention

brake %(ﬁl@ @eﬁgﬁge%rﬁf,a J’jﬁﬁ%dﬁ&ﬁ cRnRAf 300V APbACEDY had 1richnéc§fnct10n

based solely on"the direct interaction between the

surfacgsaddl0 ip Moarangenisat, ke ehiatrion elamepsd0Qpring seilehio the pipfipnal
moverfifht %f'ﬂhtr‘[n%ﬂ& el 350 a & glﬁécﬂﬁ‘rﬁggémﬁﬁ%g‘%gﬁﬁsﬁﬂy% {o%

evi ces ar rain to s Sl ze an )
surfacésBA0dyst spriag nhdnebes 326. i th@dmslosddeenaimunqnythﬁumlinbé friction

RECIE e L RN R T

Fig. 11a schematically shows the forces present in the back rotation brake 280 of fig. 9,
whereas fig. 11b shows the forces present in a single friction surface 310 friction brake. The
frictional torque Mp,qr braking rotation of the cylindrical element 300 in the latter case (11b)
is simply (assuming that the friction torque between the spring member 320 and the axle 240

is negligible):

Mprare = F, spring W Rprake
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Fig. 10 is a cut out perspective view of a back
rotati on brake arrangenent 280 in the counter
wore@aaniosm 190 of figs. 4a to 4c. The present PCT/SE2006/000423
enbodi mnent of the back rotation prevention brake 280
is conprised of a cyllndrlqal el ement 300 supported by
two inclined friction surfaces 310 in V-arrangenent,
where F{16 1§mblveﬂrcamlrceeﬂrmm sp30@ 3B8j mip thoslding fieiophkcoefficient

rotatlo ve of, .t at chet e 0
betweert{BE AUKERTLARTAGED B0 P OR e e P s G il of he
Cyhndngﬂeﬁm§ﬁfg@g menber 320. In the disclosed enbodi nent,
he inclined friction surfaces are parallel to the
aX|s of rotation for the cylindrical elenment 300. Fig.

In the for@r ?&Q ﬁi‘%ﬁ glﬁezﬁclé’%mgﬁfg)?c‘!& ﬁ,,!;‘,eacﬁﬁg 68 theyBiReRtal elentdhe 30@BYK the

rotatio 9, Whereas fig. |lib shows
inclinedtsnefafesr3d Ogiyes emfnﬂlowmgfrs‘hﬂ@ﬂl gorgpe Mriseh surface 310

friction brake. The frictional torqueMraf e braking

rotation of the cylindrical element 300 in the latter

case (MLb) Rg, Surply (assuming that the friction
t orgue bet ween t he spring nmenber 320 and the axle 240
is negligible): Mirake =t 1spring Rbrahewhere Fsprins

In the efn%o&'ﬁ%ni’@if fit Gah, heikPinbd QiFdcbe3 Rpire Mer1328 +- HH1 ﬁs;tehﬁvely, with
ding frictional coefficient between_ the %{? grl cal
respect @1 T@ﬁéﬁ@CtB@l@féﬁJﬂmd treherehycthe ersukine fHetdonal [praug Hormp PEjomcs:
is the radius of the cylindrical elenment 300. In the
former case _(Ha) the normal forces Finci acting on the
cyli M,;Jakcak/ié]pgm;mﬁoo by the inclined surfaces 310
gives the following frictional torque Mnke' - -break ~
In the enbodi ment of fig. 1la, the inclined surfaces

Thus ths i&ugfn% tht@d)ﬂa[l&jfi*qdels 4Fadtes #\—/_\Acw:i: Ihllgl highenitiidn 1ne]$Ep@se of one single
the direction of Fsprjng ere he res t
flat friction sarfashA10(7 Hiertipgdmbslingsioagpetes s GepekRigga 10, the
spring ﬁ)fb@ If e,% uldd (g fﬁcrtioﬁﬁl' QRatcidRbetkReh Shercyiliagtion eléznent 30@dnd the
éf"than in the case of one singlé flat friction

1nclmecsmrfaa@se31:§)101e lBﬁlkeStQICB’@tClaﬁ ge eortralled to ARradsHnethylag agigrvired by
the cou@%ﬁmg%éan};s%gefs?%{q ‘?&%?eg%gt erhl%adl Bhd AR ahg{?%tvgéewthé Afction

ric I cl ent etmeen e cylindrica
surface©lsde® mharﬁmﬂ)",qndfetdbéy leas:thlaméiﬂo and morsprafiedably kess thaale0°, and

tor g ca con toa redef | 0
greater p@a r eﬁrefﬁfqﬁﬁ gre@ APGTE PTG eSIBIS/ ngrgf%n}@ﬁ‘?% Even
though thﬁ?&%ﬁcaﬁmnméventrﬁ@e @f@.‘ll@lt hetheegreatbendmbertadf driction
surfaces 310 or points of frictional contact, the number is preferably limited to two surfaces
310 as it, in a mass production situation, is more difficult to control the individual resulting

force components for more than two surfaces 310.

In the present embodiment (figs. 4a to 11a) the spring member 320 applies a force Fypring 0N
the cylindrical element 300 in a direction essentially opposite the direction of movement of
the pawl 210 when advancing the display means by incremental rotation of the ratchet wheel
230 and the axle assembly 240. By this arrangement, the force applied by the pawl 210 on the
ratchet wheel 230, will result in a lowered brake torque My, and the rotation of the ratchet
wheel 230 in the forward direction will be easier. However, during its reset motion, the pawl

210 will apply a force essentially in alignment with the spring force Fipring, Whereby the brake
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surfaces is |l ess than 120, preferably I ess than 110,

and nore preferably |less than 100, and greater than 60
w0 2peai®@B@bl y greater than 75, and nore pref ere@l/gE2006/000423

greater than 80. Even though it theoretically would be

even nore efficient with agvgreater nunber of friction

surfaces 310 or points of Pi ctional contact, the

torque M;,pgpamul ifcrehif b ablayion Innthé Backiwrdsndirestbh affealvaﬂ;ﬂwﬂlsbe
in a mass production situation, is nore difficult

WEV“W%?control t he i ndi vi dual resultlng force conponents
for nore than two surfaces 310. In the present
enbodi ment (figs. 4a to 1lla) the spring nenber 320
In ordegijpphisers thatftbe desired praladoighe ther.dy hihietierdctie batlerpiaionggevention

means b@o ﬁm%hf)ﬁs l%eﬁng % %o%%ﬁlé %185 ﬁ]{e-ﬁ% %g%vanc% % 248 dAlc&{}dl(ﬁE to the

dlsclosH& ambodiyneinn of £ge 5t & O, oheadrilo arrafgetrieat mqir@\hédsd whb eécoﬁa Bearing

the axle as ly 240, By this. arran nt, the
means 1) aLihE SF P by 8 BRI cs T BOSHORINE PG AR Tupalpen the back
rotatio &fand®dd add@fd lormedr 29oner ed brake torque M, nke and
the rotation of the ratchet wheel 230 in the forvvard

direction will be easier. However, during its reset

In orde'in?(s Ffher fﬂﬁc@ﬁx@rﬁg 19 bW;IJ HotRBR oY tl‘%sr%fralﬁgtgwﬁe\%ﬁ s e%@lju{%thé Poset

al i gnnent e spring force
motlonmfak@pwlqllé) Wersekmetny lof therraicheidectinhas lve@namhmnseldrto niigimise the

d|r cti.on, ef i~vel mnll r
maxim3 PSS bR R b A HOUR e Mitiet BB B BYETE S bl
geomefagz Ideﬁy@ﬂfxom hle;ks) I@gﬁi_mzraa?ms te¢th Ml’&i\ézedfﬁﬂveﬂ bmﬂasnl 3fa288s is shown in
. nc ns a ear.i or one end o e axle
fg. 12 B b ST o0 g o bioAey . B AapledPbeceensenh ety o 2
solid hﬁé Al a8 for2@ohGerfRnall AR tGthihcR($RE %Gﬁﬁﬁs d @otiéﬁ%%'e@‘d}ompared
th second bearing means 430 at the worm gear 29

with a tﬁ@éh WHh@ ﬂaébécrl%ﬁmf@é@utht? oathnyithra sprvez4nck gutiroces A htghér initial
torque 9951@ rﬂ 5[%‘%16(8%8&1% Qs ext gierom% g@ifm %31%% 3 resfet motion,

urt er uce sk 0 r ot at
but thetdater 'Ghbctdnqt;te dtope las ﬂféﬁlphfrthmgawh@prcmshcts th@toodntlprheHther

0, .th e tr of, the ratche as b
orque B3 SREG B s S S e B M Let B U8 MR Ll o
provid®thetrtef@irestl thr@ie. WigeréatikhRketwbie@b fat3he toblite watptai (T Back
geonetry derived fromthis optimzation is teeth with

surfaccys @JgRAINGARIE e FADES HETAE I AR At R to0fHD, g mayigum

torque %&9%1§H%?fcfr%§@h£t' B8k S 6th atnara%%éfg\ akrc%%ﬁ&de@ REItEthE prifk being
convex tooth back as a solid line for a

extende riaseforait & lesy able toquotidadie r@@@@dffﬁ@t tf&b‘)e as a dotted
line B. Conpared with a tooth with a flat back
surface, the tooth with a convex back surface has a

The cuhvaghre of theiconadx back surface is selected to minimise the maximum reset torque

for the ratchet wheel and pawl mechanism by calculations of the reset torque from the
parameters comprising: ratchet wheel diameter, ratchet teeth back surface curvature, friction
coefficient between the ratchet wheel material and the pawl material, and pawl spring

constant.

There is also provided a method of providing a ratchet wheel and pawl mechanism for
transforming a linear actuation motion into a rotational motion advancing a display means

indicating the number of doses available in an inhaler comprising the steps:



10

torque as the paw tip is forced towards its center of
rotation early on during the reset notion, but
w0 b@caafoBer the torque drops as the tip of theP@ESE2006/000423
approaches the tooth tip. The higher torque at the
start coincides with the sprlng bei ng conpressed;
therefore the spring is abllé to provi de the necessary
selectlx:ilée&%ﬁle{ ?rrﬂﬁ‘f?oer WhREBAMdhRei A $61 tht S4teie WHREL, t he tooth
th a flat back surface is a |inear iIncrease and
reaches its maxi numtorque at the tooth tip, the
. I [ gher for the flat backed tooth
Sekcu%%gugfg%éﬁﬁ%ggégﬁt@%&%@ides with the spring being
ext ended, therefore |t is less able to provide the
.. e red reset tor The curvature of the convex
minimiziihé TR BT reseb U fot eSS S Et R R R et
prowd{ngrtﬁé@at&@f whb@ técth Ghdta dshesd bardugawd, mechani sm by
cal cul ations of the reset torque fromthe par aneters
conprising: ratchet wheel dianeter, ratchet teeth back
e GEoFEAPAHL e L EURER EARLILF S RBLAPARTL v
findin §l[hB lratghat ¢oeth bark sufaes enrvaurgl tB’(ﬁatnU(lﬁhO@@ daf therresehtaqusf from the
parameg?rg HQFIQP gragthfzr Wéeeﬁ’%?ae | eltjeg tnfjnocﬁ %rm %@1%@%@%&&]8&& fhe ratchet wheel
materislGindttheopeay] mattignamatvavicpiige eordiaapl ay neans i ndi cating
t he nunber of doses available in an inhaler conprising
the steps:selecting dianmeter, nunber of teeth and
material for the ratchet wheel, selecting shape and
material for the paw, mnim zing the nmaxi numreset
torque for the ratchet wheel and pawl nechani sm by
providing the ratchet wheel teeth wth a convex back
surface, wherein the step of providing the ratchet
wheel teeth with a convex back surface conprises
finding the ratchet teeth back surface curvature by
cal cul ations of the reset torque fromthe paraneters
conprising: ratchet wheel dianeter, friction
coefficient between the ratchet wheel material and the
pawl material, and pawl spring constant.CLAI M5 1.
I nhal er counter (20) with a ratchet wheel (230) and
pawl (210) mechanism (190) for transformng a linear
actuation notion into a rotational notion advancing a
di spl ay neans (60) characterized in that the paw
(210) and ratchet wheel (230) arrangenment is provided
with | ever neans (500) arranged to effect the
di sengagenent of the paw
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-tlﬁaﬁleliwn¥eaﬁa<>f§ti@gtt% Flajmp 4,pr har%frt

(210) froma tooth on the ratchet wheel (230) by
est abl i shing abutnent of the pawl (210) and the

wo atoshetoswheel (230) at a | ever point (L) fol|P@i/aE2006/000423

said tooth with respect to the direction of the
rotational notion of the ratchet wheel (230). 2.

I nhal er counter (20) accor &i4ng toclaiml
characterized in that the Iever point (L) on the

rat chet wheel (230) is located on a subsequent tooth.

CLAIMS: | nhal er counter according to claim1 or 2

characterized in that the |l ever neans (500) is forned
by a convex back surface (510) of the ratchet wheel

. tlaktlbr engitea (R@QWith ofitttet phwdl (2wrmdrpawm (318% eneCB8m (WO) for

| h di
PRI Rt & Beeer ACERAT PHeCY BuSh Fwaorel pefey «f wnpgeAdiorlay

hﬁeﬁls $60adnabActbAsdd muhiaEepibr@) OPzinchﬁtthétaizl@&thM eehngement
teeth and a frotru5|on 550) on the

W
g6 pf(&fe@d(\s@l@ eversmeqns{af rarf@a&?ﬂ f@reffezgae\msgﬁg%ems%?féfle pawl
\A@ &%%%oﬁ;b%l tH@Mtck{eg\]vmelr(%%e%@bﬁg&gQ% abffnent of the pawl

anst orm ng I near actuation tion in
r(@ﬂ&)ﬁ anolrthé ratotei wdneddgw?calt adever doigp(layfolesing s@@k}poth with respect

BTRE B B AR b AR R R B h ™

rot ation prevention nmeans (280) is conprised of a

S L STE S B S W P RE A0 ) o

Copk kRetd: Gakelgh e0ERodaRd®h LebRguemupb®d to the

rotational novenment of the ratchet wheel and paw
mechani sm (190) and urged against the friction

. %Bgl%g&ngé%g%ﬂrg%g% e rh 'ig)r g@ﬂé?ﬁct@ﬁﬁ in tBat the E@lﬂ:leﬁleans (500)

counter accor aracteri zed i n that

fis ifminiedrbysamfnarcm baczkrsmrtiae:r @Im)sbf the rathleet awtiesl to¢thapnd athn(v) rprofﬂe
t he cy fﬁb el enent 7. Inhal er counter

d%@GFBPW% ?1£%FS 5 or 6 characterized in that the

angl e between the friction surfaces IS Iess t han 120,

preferably | ess than 110, a nor e%ﬁé %(%Li:tvgrrmeans (500)
1038 e by dr AR Dbl & BEEB40) BF ﬁl@trﬁtﬁh&meﬁﬁeth‘?&nd a protrusion

I nhal er counter according to anyone of the clains to
KSéﬂmm@l@@aWié@th surfage ©A@)-spring nenber applies a
force on the cylindrical elenent in a direction
essentially

5. Inhaler counter (20) with a ratchet wheel (230) and pawl (210) mechanism (190) for

transforming a linear actuation motion into a rotational motion advancing a display
means (60), comprising a back rotation prevention means (280) of friction brake type
characterized in that the back rotation prevention means (280) is comprised of a
cylindrical element (300) supported by two inclined friction surfaces (310) in V-
arrangement, the cylindrical element (300) being coupled to the rotational movement
of the ratchet wheel and pawl mechanism (190) and urged against the friction surfaces

(310) by a spring member (320).

. Inhaler counter according to claim 5 characterized in that the friction surfaces are

parallel to the axis of rotation for the cylindrical element
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opposite the direction of novenent of the pawl when
advanci ng the display neans. 9. Inhaler counter
waecwondiosy t o anyone of the clainms 5 to 8 charBCI/SEI08€EH0423
in that the cylindrical elenment and the ratchet whee
are arranged on the sane aﬁge arrangenment, and that
the back rotation preventi on neans functions as
7. bsleal¢muhier at¢doediax teeclaint S00é khatactekized in gt e /@l BetWeen the

ccording to anyagne qQf the clains 5 to 9 characterjz
Hrcineanlee s Tt BaR Oy arreb BB Cisfhn g groreridly less
WA A df PEatél thitl 6@, ?Meldb?@r@éteﬂfﬁﬁrp%ﬂ APmBreSeRMbly
bear i ng@ means, and that the display nmeans conpri'ses
252 4RAeSG°ndi cat or means with teeth that engage the
wormgear. 11. Inhaler counter (20) wth a ratchet

wheel and pawl nechanism (190) for transform ng a
8. |Inhederrcoastenatdondingrtst anynné off the alaims Attd Grebharavbdrized in that the

vanci ng a di.spl neans characterized.in. that the .
AR G S R85 P B B RRRA Lo b Lint haitgiyn g nianly
oppyte thadikecsion ol @®vedhnt dfRApBY] VIR incReE Ble Wi dplayt Beans.
claim 11l characterized in that the curvature of the

convex back surface is selected to mininise the

9. THREIFEBUARS SlcobdihSkeanfyBhic e ERIRDS ko WRRRach R hat the

mechani sm (190) by calcul ations of the reset torque
criricakbelpmentrinddheratdapwhed! aep arrangedhen thetresie axle arrangement,

) ’ . ;
R TR Blo babBhitin BRIk E RCAER ekl he axe
aeeegenznt.and the pawl material, and paw spring

constant. 13. Method of providing a ratchet wheel and

pawl nmechanismfor transformng a |linear actuation

10. TiHale@ ottt Pacof i @lol DiYahe Hthé BRIrAY G ichfkradtedtizeRlid Yhat the axle
means conprising the steps:selecting dianeter, nunber

BTAREEMA HRENCRERTBPTES Ay grar foi kivans ip displaygesased
shan8 vaRshdMESs! Ald hafthd Hﬁﬁﬁ?%ean 5‘&1&%@3 ?&a EE in%catormeans
eel and pa

maxi mum reset torque for the’ratchet
WehHesth $hat Bygagedhe womg-gedre rat chet wheel teeth with a
convex back surface, wherein the step of providing the
rat chet wheel teeth with a convex back surface

11. Inhaler counter (20) with a ratchet wheel and paw! mechanism (190) for transforming

a linear actuation motion into a rotational motion advancing a display means
characterized in that the ratchet wheel (230) is provided with teeth with a convex

back surface.

12. Inhaler counter according to claim 11 characterized in that the curvature of the
convex back surface is selected to minimise the maximum reset torque for the ratchet
wheel and pawl mechanism (190) by calculations of the reset torque from the
parameters comprising: ratchet wheel diameter, ratchet teeth back surface curvature,
friction coefficient between the ratchet wheel material and the pawl material, and pawl

spring constant.

13. Method of providing a ratchet wheel and pawl mechanism for transforming a linear
actuation motion into a rotational motion advancing a display means comprising the

steps:
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conprises finding the ratchet teeth back surface
curvature by cal cul ations of the reset torque fromthe

WQar0airetogr s conpri sing: ratchet wheel di amet erPCT/SE2006/000423

14.

15.

16.

friction coefficient between the ratchet whee
material and the pawl materjal, and paw spring
constant. 14. Inhaler counter (20) conprising: a
counter housing (390), a rocker arm (200) with a paw

e gt e B i B Tt e SRS ke 1

response to a linear actuation notion, a return spring
220? for resetting the rocker arm (200) a ratchet

Whketing swos aad gutpaisl or ik PA%lhe pawl to convert the
novenent of the rocker arminto an increnenta

rotational notion of an axle arrangenent (240)
domanzingthe mbixgpiayeset tongue(1903he rlaﬂtthetabdlt%l annd pavgenehitnism by

(pgé%\?%rg tﬁ? f'??ol*e%‘{wﬂgel"t‘ee?ﬁ hraocto%% Ffent i on means

or m of pring f€ion brake
and a worm gear (290), the d| spI ay means conpri si ng

at.abl e i ndj cat or ans ) h (330) .that
Vﬂb"é@}@ e ot Mgins Aot Skehiest) Wil eory b phclsiriace
Rprigés ﬁl&ﬁf\?\% e rRCRAEHR BadiOsubtatd Brddufd W S BEA AR D MR reset
that t he return spring and the friction brake

dPiabe frost Qe paramsicra somREsipgitiaghell whaebdiameter.1fsictipm hedfEeient
HRHUM A thE ‘E et lRGe1 G At fE w1 %@atéiﬁ?ra%ﬁtp% n_p?r‘f*n%(gmstant

that the rotation prevention neans
of a cyllndrlcal el ement supported by two |ncI|ned

flﬁllla%ﬂci%ﬂg %g(ﬁces i.n. V-arrangenent, the cylindrical

cgmgpgggto the rotational novenent of
t he ratchet mheel and paw mnechani sm and urged agai nst
thefriction s haces by a spring nenber. 17. Inhaler
ASORYEF @%@%&@P 5 to anyone of the clainms 14 to 16
characterized in that the axle arrangenment, conprising
the ratchet wheel, the cylindrical friction brake
&Ireken e K00 vathbpawlg@ae), thegogesimd daingpivnialy swpegrted by the

gliogﬂﬁng 511 QJ?an glf@ Ii]éahar a éejﬂ)ltcgée 8\% E%llt E}g{eﬁéon%g Yo méar actuation
maeinng retsmaspnag ¢EW) for heettinig tae Inmd:et ana (200 a\/xatchet wehet] (230)
%Ilgaagabie w‘?h fhle p%ev ItoS éoenrver(t %l?eolzmbvement of the rocker arm into an
incremental rotational motion of an axle arrangement (240) advancing a display means
(60), the axle arrangement further comprising a back rotation prevention means (280)
in the form of a spring loaded friction brake and a worm gear (290), the display means
comprising rotatable indicator means (120) with teeth (330) that engage the worm-

gear and a stationary scale (90).

Inhaler counter according to claim 14 characterized in that the pawl return spring and

the friction brake spring are formed as one integral element.

Inhaler counter according to claim 14 or 15 characterized in that the back rotation
prevention means is comprised of a cylindrical element supported by two inclined
friction surfaces in V-arrangement, the cylindrical element being coupled to the

rotational movement of the ratchet wheel and pawl mechanism and urged against the
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19. Inhaler counter according to any of the clains 14
to 18 characterized in that the counter housing
w@owpni®es an openi ng (400) arranged to recei VEBCEHSE2006/000423

mati ng counter actuation protrusion (410) forned as a
part of an inhal er actuator,housing (30), wherein the
counter actuation protrusi (}H at actuation of the

| fRBAbEEurfRBS By & spivg: M@hb&g opening in the counter

housi ng, engages the rocker arm and urges the rocker
armto performsaid rocker novenent. 20. Inhaler

17 018{?@5} Shigk %Bcdramg't&é rgbﬁe 'oﬂh%rclaﬁﬂlg mo 36'cHa Mequn that the

canls receivi means t he 1 nhal er bei ng
aclaatageingna cmmpla$1ng/ﬂflelraﬁqb@trWhn§t |tlnmC}dlfndt1hé foetigrshrake elemeﬂt
he cani ster rec ch acterized in
t%’gttfl? YVOEIBI%?H egeégrovhc%d %% emg‘l{a{ccor ding to the

clains 1 to 19
18. Inhaler counter according to any of the claims 14 to 17 characterized in that the
counter housing is arranged to be attached to a non valve end of an inhaler canister

(350).

19. Inhaler counter according to any of the claims 14 to 18 characterized in that the
counter housing comprises an opening (400) arranged to receive a mating counter
actuation protrusion (410) formed as a part of an inhaler actuator housing (30),
wherein the counter actuation protrusion, at actuation of the inhaler, enters the mating
opening in the counter housing, engages the rocker arm, and urges the rocker arm to

perform said rocker movement.

20. Inhaler comprising an inhaler canister and an actuator body with canister receiving
means (370), the inhaler being actuated by a relative linear motion of the canister and
the canister receiving means, characterized in that it comprises an inhaler counter

according to the claims 1 to 19



