1 | NHALER DEVI CE COUNTER The present invention relates to the art of

i nhal er device counters, and in particular to a counter mechanismfor such.
5 Background of the Invention Many types of mnedicines are provided in fluid
form such as a solution or suspension of particles in a propellant or

enul sion, and are adapted for oral inhalgﬁion by a patient. As one exanple,
a container mght contain asthma nedi cine such as fluticasone propionate. 10
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to recei VeBaKIrARAY dfthéRiveh@sh dosage of medicine fromthe container, the
patient installs the container into the actuator through the container

-l oading end until the valve stemis fitted into the receiving bore of the
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container into the actuator through the container -loading end until the valve stem is fitted into

the receiving bore of the nozzle element. With the container so installed, the opposite end of
the container typically extends to some degree outside the actuator housing. The patient then

20 places the mouthpiece into his or her mouth and pushes downwardly on the exposed container
end. This action causes the container to displace downwardly with respect to the valve stem,
which in turn unseats the valve. Owing to the design of the valve, the design of the nozzle
element, and between the interior of the container and the ambient air, a short burst of
precisely metered, atomized medicine is thereby delivered to the patient.

25
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

30 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.



I nhal er device or container. The display of the "present state" can either
be done in absolute terns, e.g. by showng in figures the actual nunber of
doses that are still available, or in relative terns, e.g. by a color
gradient fromone color to another. 2 Irrespective of the display type, it
Is of great inportance that the counter nechani sm does not over-count and
especi ally not under-count. Under countrﬁb can lead to a situation where the
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that prevent back rotation at defined angles, and which is activated by
rotation of the 25 ratchet wheel beyond said defined angle. The ratchet
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motion by a ratchet wheel and pawl mechanism. In order for such mechanisms to be exact and

20  count exactly one count for each activation, the rotation of the ratchet wheel has to be
controlled to exact increments. There are basically two types of means for achieving such
controlled rotation:

» Incrementally acting back rotation prevention means, in the form of e.g. a fixed pawl,
that prevent back rotation at defined angles, and which is activated by rotation of the

25 ratchet wheel beyond said defined angle. The ratchet wheel is thereafter rotated in the

opposite direction during the reset motion of the pawl until the defined angle is
reached and further rotation is stopped.
¢ Step-less back rotation prevention means and controlled engagement and
disengagement between the pawl and the ratchet wheel. Friction forces may cause a
30 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.



reached and further rotation is stopped. Step-less back rotation prevention
means and control |l ed engagenent and di sengagenent between the pawl and the
ratchet wheel. Friction forces may cause a 30 tendency of the paw to flex
radially inwardly towards the axis of rotation of the ratchet wheel at the
poi nt of di sengagenent, whereby the resulting angle will depend on
paraneters as: friction coefficient betwéen the ratchet tooth and the paw ,
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the count point. 5 US Patent No. 4817822 descri bes an aerosol dispenser of
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response drive means for driving a rotary gear in step-wise fashion in response to displacement of said
actuator means, said rotary gear comprising a wheel having a plurality of ratchet teeth around
20  its periphery, Means are provided to prevent reverse rotation of the rotary gear, said means
preferably being step-less restraint means in the form of a friction clutch. A flexible tape is
provided with a visible array of incrementing integers on its surface indicating the number of
medicament doses remaining in the inhaler. The tape indexes by a single integer in response
to each step of the step-wise rotary motion of the rotary gear. A separate control surface
25  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.
30 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



to each step of the step-wise rotary notion of the rotary gear. A separate
control surface 25 regul ates the position of engagenent and di sengagenent
between the drive neans and the rotary gear whereby the angle of rotation
for the rotary gear is controlled for each actuation. It is specifically

di scussed that the control surface serves, to inhibit the natural tendency of
the flexible drive neans to flex radiall'y inwardly towards the axis of
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di sengage from t ratchet tooth at.a fixed point. 30 However, the proposed
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in an efficient manner. Moreover, for hygienic reasons it is preferred that
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di spl ays, showi ng the nunber of remaining doses by absol ute nunbers, as the
figures have to be snmall sized in order for the counter to fit in the
i nhal er device. 1o Summary of the Invention The object of the invention is
to provide a new inhaler and an inhal er counter, which inhaler and counter
over comé® ohemmaryefthe Imventiaeks of the prior art. This is achieved by the
i nhaler and the inhaler counter as defined in the i ndependent clains. 15
One advantage with such a counter is that it conprises an easy readabl e
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that are ea r LS 4 ' ce.
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Descri pt i onanslfth¢ inbal®r amitegas defieed imvhkaindependent ¢laipes. descri bed in detail bel ow
W th reflgrence to the drawings, in which 25
One advantage with such a counter is that it comprises an easy readable large display and an
accurate mechanism comprised of six separate parts that are easy to assemble, whereby the

counter is inexpensive to produce.
20  Embodiments of the invention are defined in the dependent claims.

Brief Description of the Drawings

The invention will be described in detail below with reference to the drawings, in which
25

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

30  present invention.

Fig. 3 is a schematic cross sectional view of the display arrangement of fig. 2



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
arrangenent for an inhal er device counter according to the 30 present
invention. Fig. 3 is a schematic cross sectional view of the display
arrangenment of fig. 2 5 Figs. 4a to 4c %hOMla schemati c exanple of a
counter nechani smfor an inhaler device -“counter according to the present

invention. WiQ%a toR shoR aBbhenli@vekAiple ¢ RNter R RARIsHoPEn inhger dedRet 0 4C, in
a schematic I nhal er devi ce, partly in cross-section. Figs. 6a and 6b show

5
actuat i on dPubiRaceoineds thyapesert 18¥e4ethe counter of figs. 5a and 5b. Fig. 7
shows the basic geonetry of the pawl and ratchet arrangenent in the counter
10 nmechanismof figs. 4a to 4c. Figs., 8a %Pd 8b shows the hasic geometry of
two possi blidgpanrndhshpwithseaunter marhsaisaraf 185499 dbdn asthsmpls whalgedeyice n
accor dance wiiinlchRs-Mc@sgnt i nvention. 15 Figs. 9a to 9h show engagenent and
di sengagenent of the pawl and ratchet arrangenent. Fig. 10 is a cut out
perspective view of a back rotation brake arrangenent in the counter

mechani sm ofied @ 8nd SAhb® dfuaticPotthdnaldr deRicB B th cQuitGbF BRL.15aahy ¥o.Show the
forces preséﬁt ?n tﬁg;baék Féta?ion bréke g?gg?g.cg. F?gg 12 s%oms t he
basi c geonetry of the ratchet wheel in the counter mechanismof figs. 4a to

4c. 25 Fig.q: i f WS iﬁg@ i paw on the
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Fig. 1 showsecchagishehfigs.datxémpl e of an inhal er device 10 conprising a
counter 20 according to the present invention. The inhal er device conprises
an actuator body 30 with a nouth piece 40, through which nedicine is

del i ver ed tKigs.18e antb®iy shows thecbasio ige@meter ofdwo possibleamsd abd satcherartanganene nbodi nent

h 20 1 hed h d of i nhal [ h
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depressing the container 6

15  Figs. 9a to 9h show engagement and disengagement of the pawl and ratchet arrangement.

Fig. 10 is a cut out perspective view of a back rotation brake arrangement in the counter

mechanism of figs. 4a to 4c.
20  Figs. 11a and 11b schematically show the forces present in the back rotation brake of fig. 9.

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

25  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

30  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-



counter assenbly with respect to the actuator housing 30. The counter 20 is
arranged to count each actuation of the inhaler device 10, and display the
actual condition, via a display arrangenent 60. The counter 20 could
further be arranged as a part of, or being detachably attached to the
actuator housing 30, e.g. on the front 3% back side thereof 5 According to
the invention, the counter 20 is provid onto the base of the inhaler
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counter 20 asical y conprised of "a counter housing a counter

mechani sm of @esanistésed in detail below) and a display arrangenent 60. In the

enbodi nent shown in fig. 1 25 the display arrangenent 60 is provided in a

top surface 80 of the counter housing 70. In the disclosed enbodi nent, the
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is medicament left in the inhaler container when it actually is empty, the count point is set to
20  beapredetermined amount less than the fire point, whereby firing without counting is

effectively avoided.

The counter 20 is basically comprised of a counter housing 70, a counter mechanism
(described in detail below) and a display arrangement 60. In the embodiment shown in fig. 1
25  the display arrangement 60 is provided 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
30 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



Fig. 2 shows a schematic top view of the counter 20 with an exanple of the
di splay arrangenent 60 according to the present invention. The display
arrangenent 60 conprises a 7 static display section 90 and a noveabl e

di splay section 100. In the disclosed enbodinent, the static display
section 90 surrounds the noveabl e sectiﬁp 100, which is provided as a
rotatable elenment with a pointer 110. The static display section 90 is an
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15 Figs. 4a to 4c show a schematic exanple of a counter nmechanism 190 for an
i nhal er device counter according to the present invention, with the housing
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act uat or housi ng shown 11 detail later), and a flexible paw
210 with a paw head 270 arranged to engage and 25 drive the ratchet wheel

230 foringr [ ; o]y n.act uat i.on ion. of the. inhaler.
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ratchet wheel 230, and rotatable pointer wheel 120,

20 The rocker arm 200 comprises a pawl 210, and is pivotally supported by the housing at A, and
biased in the downward direction by the return spring 220. The rocker arm 200 comprises a
rigid rocker section 250 that extends from A to its lowest point 260 adjacent to the bottom of
the housing where it makes contact with a protrusion from the actuator housing (as will be
shown in detail later), and a flexible pawl 21Q with a pawl head 270 arranged to engage and

25 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
30  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



| oaded friction brake, conprising a brake disc 300 that is biased agai nst
two inclined friction surfaces 310 by a brake spring 320. In the present
enbodi ment, the return spring 220 and the brake spring 320 are nmade as one
unit with two separate "spring-beans” extending froma 8 conmon fastening
base for attachnment to the housing (not shown). The back rotation
prevention nmeans 280 will be described nore in detail later. The pointer
wheel 120 ¢enmat ﬁwtalhihgb&sbcﬁcnnattﬁbhmmlt tvatbe bousieg (it ehen)r Hekbaok ratg@nh 330 t hat

engage 5 the rmg 90 n 0 indi cati ng the dose-count on
stationary P 1811?1 gqm%%elgesc?ge%mor e) 11]%9 t he pointer wheel 120 is

driven for rotation about C by the worm gear 290 on the axl e arrangenent
240. Figs...ba and 5b Wt ount mechani.s 90 to 4c, in a
schemnt o Thaapr kst [D0s e P R R aRe Tt e P PR B, qevi ce
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the user t b tygkicarrhipeidpi Boe 40 that is a part of the actuator body 30. The
nmout hpi ece 40 is in connection with the valve stem 360 via a stemreceivVving
body 370 for 15 receiving the nedi canent to be delivered. Furthernore the

dose count Bjgs Waiahd 29stow 1BE BMInHe Ghedhanidnh €0084Tdig0 PRAS ¢, 6n b Béheliy MhaleP of the
cani ster 35 I n the, enbodi nents di scl osed hereln the dose counter unit
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that the cQuRhehclssel b calistirSs0a0RuRhd ﬁl@dlbzﬁﬁ\ﬁxt %@hﬁ:ﬂ%ﬁm@&% éélﬂreféﬁtt@ﬁl@ed on
anot her canister 350 containing a different |evel medi canent. The

cani st er 38T treughatyalvg steaciddommested 2bonesnd pithe @ﬁmtelz?dm Theymediement isr ef er r ed
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that the counter unit 20 is removed from one camster 350 and attached on another canister
350 containing a different level of medicament. The canister 350 with the attached dose

20  counter unit 20 is hereafter referred to as an inhaler can assembly. When a dose of
medicament should be delivered to the user, the inhaler can assembly is pressed downwards
whereby the valve stem 360 is forced into a position where it delivers a dose of medicament,
or by other words is fired. This is in conformity with many inhalation devices according to the
prior art and will not be described in more detail here.

25
The dose counter 20 comprises a counter housing 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

30  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.



aperture 400 that is adapted to receive a protrusion 410 fromthe top edge
420 of the actuator body 30 in a mating relationship. Wen the inhaler can
assenbly is depressed in order to fire 30 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 39& and engages the | ower portion 260
of the rocker arm 200, and hence actuates the counter mechanism 190. 9
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poi nt of disengagenent is 5 effectively controlled in that the paw and
ratchet arrangenent is provided with | ever neans arranged to effect the
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means are designed so as to establish abutment of the paw® and the ratchet
wheel at a of mfasion opthe matchicd Wheskiahide paintiofidissngrgament, the ppiat of digengsgemgntiect i on
of the Kot gk [1RB in ; bl e
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sur f ace0510f dk paiwk210 from the ratchet wheel 230. In order for the lever means 500 to function as
disengagement controlling means, it has to be designed so that the lever point L is located a
suitable distance D from the tip of the pawl head, depending on desired disengagement angle,
and design and material characteristics of the pawl 210 and the ratchet wheel 230. In the
embodiment of fig. 8a, the lever means 500 is formed by a convex back surface 510 of the
25 ratchet wheel teeth 520 and a low profile pawl counter surface 530. In the embodiment of fig.
8b, the lever means 500 is formed by a flat back surface 540 of the ratchet wheel teeth 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
30  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. 9¢ 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



25 ratchet wheel teeth 520 and a low profile pawl counter surface 530. In

t he enbodi nent of fig. 8b, the |ever neans 500 is fornmed by a flat back
surface 540 of the ratchet wheel teeth 520 and a protrusion 550 on the paw
counter surface 530. Figs. 9a to 9h show the engagenent and di sengagenent
sequence for the ratchet wheel and 30 mechani sm 190 according to one
enbodi nent of the present invention. thls sequence it can be seen in
fig. 9d, tiwhéelt\ﬁhexﬂhmﬂesandidisbngagmlhmghe is henchestt aﬁsishwhe'mlfimr&f ahd Pgethk so

t hat I t of hed at
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| ever asti fdreadetiltisiiw.y effects the controll ed di sengagenent of the paV\A
head fromthe tooth on the ratchet wheel. Fig. 9h illustrates the reset
notion of the rocker arm whereby the ratchet wheel is prevented from back
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| ocat ed at w@aRy. Ssuitable point on the ratchet wheel. to Conpared to the use
of a separate control surface according to US 6, 446, 627, the provision of
| ever rBans 500 to control the disengagenment, has the clear advantage that
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back rofation preven Ion I's conprised of “a cyl1 el enent
300 suppor tedeton df e nundler ofadtefacting papts incsaasdsaliescc®aly.i n V- arrangenent, the
cylindrical element 300 being coupled to the rotational
Fig. 10 is a cut out perspective view of a back rotation brake arrangement 280 in the counter
mechanism 190 of figs. 4a to 4¢. The present embodiment of the back rotation prevention
20  brake 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 230 and pawl mechanism and urged against the friction
surfaces 310 by a spring member 320. In the disclosed embodiment, the inclined friction
surfaces are paralle] to the axis of rotation for the cylindrical element 300.
25
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,qk 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
30 is negligible):

Mirake = F, spring Y Rirate



novenent of the ratchet wheel 230 and pawl mechani sm and urged agai nst the
friction surfaces 310 by a spring nenber 320. In the disclosed enbodi nent,
the inclined friction surfaces are parallel to the axis of rotation for the
cylindrical elenment 300. 25 Fig. 11 a schematically shows the forces present
in the back rotation brake 280 of fig. q whereas fig. 1 I b shows the
forces present in a single friction surféce 310 friction brake. The
frictional wheedyg.Adthekertital fdca ffomahadpriag 320, utib thealilling dtidtioasl cotffivient 300 in

the latter case (1 |.b). . is,Si sun ng t hat e fricti.op torque between
the spring FENEY c§%5hﬂﬁﬂCFH5H§¥¥E&3§EHQQH%S Wgﬁh?g?gl TFIW@?§%8%£E§§pring
f! Rbrake tflindvibedelenieag300ng is the vertical force fromthe spring 320, is
the sliding frictional coefficient between the cylindrical elenent 300 and -
the friction surface 310, and Rb,ake is the radius of the cylindrical

el ement 5300h th® fdrihet 8e (1QENMRE ne@t fdrdel F3); atthy onahd@yllinfit¢at elemeht BOO beelid Ng on
the cylindtical, elene 300 the. inclined surfaces 310 gives the

fol | owi ng fHiegd 5&#&?8835)9 glyes 'E}%,f%d}@ng\g‘ﬂé‘?{m&%ﬁé‘(bf%r eak to In the

enbodi ment of fig. 11 a, the inclined surfaces 310 are inclined +- 45
respectively, with respect _to the direction of F,p"ng,whereby the resulting
frictional torque Mo Make ootBss Mreak = ' 2Fspri ngPRbreak 15 Thus the
resulting frictional torque is a factor = 1,41 higher than in the case of
one single flat friction surface 310. By selecting the inclination angles
for theli nérthaembedimeatadSigahin, the h@lmgcbwr%@es‘ﬂé?e@ lnral,n,ef,l g- &ndesppsivelyi with onal
coeffici enrresE@crt WREO dik 8ok ¥t FOIL | Githets RIR A i 1&,2@e NGl HeBGHessur faces

310, the brake torque can be’controlled to a predefin val Ue as required by
t he counter nmechani smdesign. In the present enbodi nent, the angl e between
the friction 20 surfaces | Leﬁﬁ than 120, preferably |less than 110, and
more preferably |ess *han 160% dfti greater than 60 , preferably greater
than 75, and nore preferably greater than 80. Even though it theoretically

R e L T e I
surfaces flatfriction surface 310. By selecting the inclination angles for the inclined surfaces 310, the

spring force Fyprine and the frictional coefficient between the cylindrical element 300 and the

inclined surfaces 310, the brake torque can be controlled to a predefined value as required by

the counter mechanism design. In the present embodiment, the angle between the friction

20 surfaces is less than 120° preferably less than 110°, and more preferably less than 100°, and

greater than 60 °, preferably greater than 75°, and more preferably greater than 80°. Even

though it theoretically would be even more efficient with an greater number of friction

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

25  force components for more than two surfaces 310.

In the present embodiment (figs. 4a to 11a) the spring member 320 applies a force Fypine On
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
30 230 and the axle assembly 240. By this arrangement, the force applied by the pawl 210 on the
ratchet wheel 230, will resuit 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 Fpring, whereby the brake



310 as it, in a mass production situation, is nore difficult to control the
i ndi vidual resulting 25 force conponents for nore than two surfaces 310. In
the present enbodi nent (figs. 4a to 11 a) the spring nmenber 320 applies a
force F,p,;ng on the cylindrical elenent 300 in a direction essentially
opposite the direction of novenent of *fe pawl 210 when advancing the

di spl ay neans by increnental rotation ot“the ratchet wheel 30 230 and the
axl e assentbigyie 240, wWRY irlchdase Akdragannhe badckwariodietiop piféctidelpwill Be pawl 210 on
the ratchet mhgel 230, will result in a |lowered brake torque M), ake and the
rotation OFYHE% atchet wheel 230 in the forward direction will be easier.
However, during its reset notion, the pawl 210 wll apply a force

essentially ip alignment with the spring force Fsp,; ereby the brake 12
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provided wth second bearing neans 430 at the worm gear 290 end, and

| at eral postatippmiesny 2% andthea@rinrgeeddleen the back rotation nmeans 280 and
the worm gear 290. to In order to further reduce the risk of back rotation
of the ratchet wheel 230 during the reset notion of the paw 210, the
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torque at the start coincides with the spring being compressed; therefore the spring is able to

20  provide the necessary reset torque. Whereas the reset torque for the tooth with a flat back
surface is a linear increase and reaches its maximum torque at the tooth tip, the maximum
torque being higher for the flat backed tooth and also the peak coincides with the spring being

extended, therefore it is less able to provide the required reset torque.

25  The curvature of the convex back surface is selected to minimise the maximum reset torque
for the ratchet wheel and paw! 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 pawi spring
constant.

30
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:



torque being higher for the flat backed tooth and al so the peak coi ncides
with the spring being extended, therefore it is |less able to provide the
required reset torque. 25 The curvature of the convex back surface is
selected to mnimse the maxi numreset torque for the ratchet wheel and
pawl mechani sm by cal cul ati ons of the rﬁiet torque fromthe paraneters
conprising: ratchet wheel dianeter, ratchet teeth back surface curvature,
friction seleefifgdiameaér, hahbe ef tektheind atacinal forthe edtcheaivbedlal and t he pawl
material, and pawl spring constant. 30 There is al so provided a nmethod of
provi ding a ratchet wheel and pawl nmechanismfor transformng a |inear

act uat i on sahkttimgshape andanadteiabfor deglawilpt | on advanci ng a di spl ay neans

i ndi cating the nunber of doses available in an inhaler conprising the steps:
13 selecting diameter, nunber of teeth and material for the ratchet wheel,
sel ect ing mhaReing Mt MBiBLMALset iquielTor theWdtcheSwiBeNart paiwd ehebi@isiipdsl mum r eset
torque for the ratchet wheel and, pawl nechani sm by providing the ratchet
wheel t eetMOVifing ths reighs) axheg)deqth P&@@inﬂ@&%ﬁﬁ“%he 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 tWhesan estepof pryiding e picher whesh opthiiBes canverpack surface cemprses

coef fi ci enfindAGNEeRRhbBeth BAA\RHaWNGB aturdBY SlididtioRDEf thdRsBaIWqudBbAMhAl , and
paw spring constant. 14 CLAIMS: 1. Inhaler counter (20) with a ratchet
wheel [23maramederpeemprismenyai¢hstheel digmeten dictfopcoetficignidiebraen tlep ratchetrydge!
actuation J: i i vWﬁﬁi ncing a display neans (60),
conprisindﬂgggggﬁ ?%?g?}%%&%?éve 10 n'gﬂs '80) of friction brake type
characterized in that the back rotation prevention neans (280) is conprised
of a cylindrical elenent (300) supported by two inclined friction surfaces
(310) in V- arrangenent, the cylindrical elenent (300) being coupled to the
rotational novenent of the ratchet wheel and pawl nechani sm (190) and urged
agai nst the friction surfaces



(310) by a spring nenber (320). 2. Inhaler counter according to claim1l
characterized in that the friction surfaces are parallel to the axis of
rotation for the cylindrical elenment 3. Inhaler counter according to claiml
or 2 characterized in that the angle between the friction surfaces is |ess
than 120, preferably | ess than 110, and* nore preferably less than 100, and
greater than 60 , preferably greater than 75, and nore preferably greater
than 80. 4. Inhaler counter according to anyone of the clains 1 to 3
characterized in that the spring nenber applies a force on the cylindrical
el enent ﬂé&ﬁgﬂirection essentially opposite the direction of novenent of

t he pad% en advanci ng the display neans. 5. Inhaler counter according to
anyone of the clainms 1 to 4 characterized in that the cylindrical elenent

and the ratchet wheel anranged. o ane ax rangenen nd t hat
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characterized in that the axle arrangenment further_ conprises a worm gear

for drivi ng meas H0somprifing s backqatation preyeriiongaegns (S8 hwi ddctionraketype t he

di spl ! o _ S .

the wor m goataCAPAR AR Biticolalch BB Ok RAE BAG) is LARNRl BT, oo
(390), a rockhndravatreleRRA) (380) suppopediby (Wailidylinddteiction kefacas (A10pimg- pi votal |y

orted by the housjng and. arr.ange erfor rqcker .novenent in
oo nee t o aangsmaat the Pyidrisal EnPE300 e Pplef 1§ i T mstma raersabet | ng
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convert the novenent of rocker arminto an increnental rotational

nmoti on of a3ty asprimggeember (3200) advancing a display neans (60), the
axl e arrangenent further conprising a back rotation prevention mneans (280)
in the formof a spring | oaded friction brake and a worm gear (290), the

di spl ay nearghdenun&r accordingt@blhitn | RExLRterizedHa st (He2Piktiva slifdceeik (330)

that engage the wormgear. and a_stationary_ scale (90).
9a9 parallel to the a)%s of rotation for the cylin igal element( )

3. Inhaler counter according to claim 1 or 2 characterized in that the angle between the
friction surfaces is less than 120°, preferably less than 110°, and more preferably less
than 100° and greater than 60 °, preferably greater than 75° and more preferably greater
than 80°.

4. Inhaler counter according to anyone of the claims 1 to 3 characterized in that the spring
member applies a force on the cylindrical element in a direction essentially opposite the

direction of movement of the pawl when advancing the display means.

5. Imhaler counter according to anyone of the claims 1 to 4 characterized in that the
cylindrical element and the ratchet wheel are arranged on the same axle arrangement,
and that the back rotation prevention means functions as bearing for the axle

arrangement.

6. Inhaler counter according to anyone of the claims 1 to 5 characterized in that the axle
arrangement further comprises a worm-gear for driving the display means, and a second
bearing means, and that the display means comprises rotatable indicator means with

teeth that engage the worm-gear.



8. Inhaler counter according to claim7 characterized in that the paw
return spring and the friction brake spring are fornmed as one integral

el enent. 9. Inhaler counter according to claim7 or 8 characterized in that
the back rotation prevention neans is conprised of a cylindrical elenent
supported by two inclined fiction surfaces in V-arrangenent, the
cylindrical elenent being coupled to the rotational novenent of the ratchet
wheel and pawl nechani sm and urged against the friction surfaces by a
spring menber. 10. Inhaler counter according to anyone of the clains 7 to 9
characterized in that the axle arrangenent, conprising the ratchet wheel

t he cyl i ndr iloldlerfaounter G10) bompesiegenent and the worm gear are provided as

one integral elemept. .11 hal er cou accordi o,any .of the clainms 7
D0°10 char ad SPREERSIsing (30, Atnsies itk L0 mAGE TR O Rkt abi BefPic t ached
to a non valpieot@hdsuppoaed btk Risiaa ahs heinged 8 perfdrdr a tatRad RbvEGRSHR iET
according to any of the clains 7 to 11 characterized in that the counter

housi ng conppiPeBss tark lsanadivationgogtion: p setWacspiiag (220 ifgtaresetiing the godkst A r
actuation rusj ) r : t | t ousi ng
(30 whor el BOA TR AL QSO HBede Bidh Helpallt 15 o AR E o SR
i nhal er, entrecler time intaan igcrapentalgtationdl otionafnh exlecaraspagentd D4 gdsarcie
rocker arm acpd ur ges t£8 rocker armto tpf%;&lor m sajd rocker novenent,
a display means (60), the axle arrangemen er 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).

8. Inhaler counter according to claim 7 characterized in that the pawl return spring and the

friction brake spring are formed as one integral element.

9. Inhaler counter according to claim 7 or 8 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

friction surfaces by a spring member.

10. Inhaler counter according to anyone of the claims 7 to 9 characterized in that the axle
arrangement, comprising the ratchet wheel, the cylindrical friction brake element and the

worm gear are provided as one integral element.

11. Inhaler counter according to any of the claims 7 to 10 characterized in that the counter

housing is arranged to be attached to a non valve end of an inhaler canister (350).

12. Inhaler counter according to any of the claims 7 to 11 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.



