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DENLCE O M NI ATLRI SED CONSTRUCT] ON FORPRODUCI NG

H &H PRESSURE IN A FLU D TO BE ATOM SED. _
relates to a device for producing high pressure in a fluid.
conprises a piston which is novable in a cylinder, and a val ve,

preferably ofw@ofriggguri sed construction. The invention furt '}E""E{?ﬁéﬁﬁ
hi gh pressure atom ser which contains this device, and the use ereof ,

preferably for

medi ci nal pur poses.

is to enable a device of this kind and the

DEVICE OF MINIATURISED CONSTRUCTION FOR PRODUCING HIGH PRESSURE IN A FLUID
TO BE ATOMISED.

The invention relates to a device for producing high pressure in a fluid.
It comprises a piston which is movable in a cylinder, and a valve, both
preferably of miniaturised construction. The invention further relates to a
high pressure atomiser which contains this device, and the use thereof,
preferably for medicinal purposes.

One aim of the invention is to enable a device of this kind and the
atomiser containing the device to be made simpler in design and cheaper to
produce and suited to its function.

In liquid chromatography (HPLC), for example, generally relatively.
small quantities of liquid are conveyed at high pressure through the separatillng
column. Moreover, in medicinal aerosol therapy, aerosols are obtzined. by
atomising or nebulising liquid drugs for treating diseases of the respiratory
tract in humans or for treating asthmatic conditions. Here again, a high
pressure is required in a, generally relatively small, quantity of fluid in order
to produce the small droplet size needed for the aerosol. In the metered dose
inhaler according to US Patent 5497944, (the entire contents of which are
incorporated herein by reference) a predetermined volume of a fluid is sprayed
through a nozzle with a small aperture under a pressure of between 5 and 40
MPa (about 50 to 400 bar) to produce an aerosol. The present invention is
particularly applicable to such metered dose inhalers and similar devices.

According to one aspect of the invention there is provided a device.
preferably of miniaturised construction, for producing high pressure in a fluid.
comprising a piston which is movable in a cylinder. a high pressure chamber
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atom ser containing the device to be made sinpler in design and cheaper to
produce and suited to its function. In liquid

chromat ography (HPLC), for exanple, generally relatively snmal |
quantities of liquid are conveyed at high pressure through the separating
colum. Mbreover, in nedicinal aerosol therapy, aerosols are obtained, by
at om sing or woedwa2687i ng | i quid drugs for treating di seases PCI/EPIS/04351

respiratory tract in humans or for treating asthmatic conditions.
Here again, a high pressure is required in a, generally relatively
smal |, quantity of fluid in order - to produce the small droplet

si ze needed for the aerosol. In the neterxd dose I nhal er accordi ng

to US Patent 5497944, (the entire contents of which are

i ncor por at ed hembich iplocatedn frooryf the pistoicnsiderthecylinddruand avalse fwhicH i s
sprayed e‘}lpe m",'l%g a nozzle with a small aperture under a pressure of -
bet ween 5 and 46 ! MPa (about 50 to 400 bar) to produce an aerosol.

The present i nventi Oilcylsndmzl hollow pistohj cul arly applicable to such netered
dose inhalers and siml ar devi ces Accor di gg to one aspect

of the invention thed ¥alVe member &’é‘éFha!s duided by the hollow P’HPE? abmyumd
mniaturised cogsidid %llfﬁ&vﬂeﬁ?éﬁ%@&emo@Bw%ﬁﬁﬁure ina fluid.

conprising a piston ich I's nmova I'n a cylinder, a high pressure chamber
WO 97/ 12687 a stop means on the hollow piston which holds the valve member to the

PCT/ EP96/ 04351 ¢ tiow piston and

a defined (predetermined) sealing surface at the inlet end of the valve
member, the valve member generaily being restrained from rotation about any
axis transverse to the piston axis.

According to another aspect of the invention. there is provided a device
for producing high pressure in a fluid, preferably of miniaturised construction,
comprising a cylinder, a hotlow cylindrical piston which is movabie in the
cylinder and provides a path for fluid therethrough, a high pressure chamber
which is located in front of the piston inside the cylinder and which is
supplied with fluid through said path, and an inlet valve in said fluid path
which moves with the piston but is also capable of limited guided movement
along the piston axis between a closed position in contact with a valve seat
provided by the piston and an open position spaced from the valve seat. the
valve member being so shaped and guided that it cannot rotate about any axis

 transverse to the piston axis such that a predetermined surface thereof engages
the seat.

In US Patent 5497944, there is described and shown a similar
device in which the check valve member is a ball. With such an arrangement,
the ball can rotate during multiple operations. It has been found that wear and
distortion under the high pressure involved can permanently deform the ball
so that if a different part of its surface is used during sequential closing and

sealing operations (because the ball is free to rotate about a transverse axis)
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2 - . whichis located in front of the piston inside the cylinder, and a

walyve .which device inclaudes a.cylindeical hollow piston

a val ve nenber which is guided by the hollow piston and i s nmounted SO
as to be axially novabl e agai nst the hol | ow pi ston, a stop means
on the holl ow piston which holds the valve nenber to the hol | ow pi st on
and wo onfdesd ned (predeterm ned) sealing surface at plipgepl ; end
of the valve menber, the valve nenber generally being restrained from
rotati on about any axi s transverse to the piston axis.

According to another aspect of the invention, there is provided a device
for producing high pressure ina fluid, pjeferably of mniaturised
constructi on, conprising a cylinder, a hollow cylindrical piston which

i s movabl e in tiRere is syéndad@rfoanéhlag@w mramtchnfberavﬁided% t 3, r%e&lér ough, a

hi gh pressure chanber which is located in front of the |sto I nsi de the
cylinder and whfaime susface @@%Y#'&jmﬁ' sachitime s aliowingibedding dowand an

inlet valve in %Hg: meuh r@ﬁt&l ‘M":&é; ggggﬁ W’rﬂg}rﬂﬁt g& &&Eri%:)‘wetglﬁsaal SO

capable of limte ui ded novenent

cl osed positi onmvmtmnntaadeaswatmajar pait \of theaﬁalve mq:mharl deujrhh&nddmanal.st on and
er. _being so

an open positio e val ve, seat

shaped and gui d€15§$cﬁ£ qa"@’ﬁﬁh@f icl} ma, for Sxample I;hwh%&\"gp cga'?‘?"&ﬂ%’ép'ée to the
pi ston axis sucinay balpaft oithe fitsticriof el piskohpami mb%%fméﬁmgzﬂﬁnder hhd1e seat.
In US Patent 5497944, there is described and shown a simlar device in
whi ch the checkanehdsurfagsubich co-gperses witlyghervalvecssal-provided hy shecpiston. ¢ he

bal | can ot ot cadhéx eVl & SBAR AL lbich dah bORREFRAEWO bl o2 20

di stortion under the high pressure involved can permanen
so that if a diifthat Bt raasverse areaof the yalva dendcsssaily dotsidératy)y smqllmtharal
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a transverse axls
leads 10 a reduction in the force applied by the valve member to the valve seat

arising from fluid pressure generated during the pressure stroke (forward
movement) of the piston. A high application force of the valve member is
desirable to slightly elastically deform the valve member and and/or the valve
seat 1o close any slight gaps between them.

In the specification which follows, the terms inlet and outlet side or
inlet and outlet end are used in relation to the main direction of flow of the
fluid within the device. The term fluid includes both gases and liquids but the
present invention is mainly concerned with liquids.

The valve member is somewhat displaceable against the hollow piston
but it moves substantially with the hollow piston.

The valve member is preferably uniaxially rotationally symmetrical in
shape. e.g. it is a circular cylinder or a frustum. lis cross-section is
somewhat smaller than the cross-section of the chamber in which the valve
member is movably mounted. This is achieved by means of one or more
channels preferably extending in the outer surface of the cylindrical valve

. member. or by a somewhat smaller diameter of the valve member in relation
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PCT/ EP96/ 04351 _ - 3 - there is
a tendency for |eakage to occur. This can be avoided by using the same
surface of the valve nmenber each time thus allow ng beddi ng down to

ensure the desired seal. |In the preferred arrangenent according to the

i nvention, atWP8HEAEH maj or part of the valve nenber is cyl iRCAMPIG43Nd i S
gui ded in a chanber (which nmay, for exanple, be the punp chanber itself or
may be part of the interior of the piston) and the val ve nenber cyli nder

has an end surface which co-operates wth the valve seal provided by the
pi st on. Anot her di sadvant age of a bald4val ve which can be avoi ded using
the invention is that that transverse area of the valve is necessarily
consi derabl y snd¢|the diamater of ithe: chiarabest igr whichtthe valye member tis)mavablygui de
cylinder in whiq&i' noves: this | eads to a reduction in the force
applied by the valve nenber to the val ve seat arising fromfluid

pressure generated dThe nvgivehmembersis guited tin cheecligmbendn dvhich irdy esovably of t he
[ desirable to

SETATRIELY =R W A AT R WM TR A
to close any sl ijghxisIaWayd YeWf@fl paifl& 10 the axis of the hollow piston. This
produces a defined sealing surface at the inlet end of the vaive member.

The distance over which the valve member can travel relative to the
hollow piston is limited by a stop or stop means which holds the movabie
valve member together with the hollow piston.

in some embodiments of the invention wherein the stop is beyond the
outlet end of the valve member, there may need to be at least one recess in
the region of the outlet end of the valve member to enable the fluid to flow
through between the stop and the valve member when the valve is open. The
or each recess is located either in the valve member at the outlet end thereof
or in the stop in the hollow piston.

In the position where the valve member abuts on the stop of the hollow
piston, the valve is opened. In the position where the valve member abuts on
the defined sealing surface, the vaive is closed.

A valve member arranged inside the hollow piston has virmally no
friction against the inner wall of the hollow piston. A valve member arranged
directly in front of the end of the hollow piston may possibly rub against the
wall of the main pump cylinder of the device. In this case, the valve is
actively closed and opened as the hollow piston moves, on account of the
friction between the valve member and the cylinder wall.

The cylinder preferably consists of plastics and the hollow piston of
metal or plastics. The material for the vaive member is selected. in terms of
its hardness. to complement the hardness of the material for the hollow piston

and may be metal, ceramics, glass, gemstone, plastics or elastomer. The
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In the specification which follows, the terns inlet and outlet side or
inlet and outlet end are nused in relation to the mRin direction of fl ow of

t he fluid within the device. The termfluid includes both gases and

i quids but the present invention is mainly concerned with |iquids.

The val ve nenber is sonmewhat displ aceabl e agai nst the holl ow piston but

It noves subsy@9¥izggd Y Wi th the holl ow piston. The peaEpogsBEier |
preferably uniaxially rotationally symmetrical in shape. e.g. it is a
circular cylinder or a frustum |Its cross-section is sonewhat snaller
than the cross-section of the chanber in mhich the valve nmenber is novably
nmounted. This is achieved by neans of ODF nore channels preferably
extending in the outer surface of the cylindrical valve nenber, or by a

somewhat smal | evahvi# member is Preferably\anifactired) ¢ ohdpiecd.at i on WO

97/ 12687
PCT/ EP96/ 04351 When the fluid is sucked in, the high pressure chamber isconnected t o t he

di aneter of th Ferd j r' BSri unt ed.
The val ve rrerrbgr qﬁ%ﬂgﬁl sélgglyw @%&Lﬁéﬁ%@ﬁvﬁﬁ\%ﬁc hbla?ﬁgmé%%k%ﬁmﬂp
mount ed: a cyl iofdhé ballow glisten therfluid flows through dhenholiow plsmramdspss theequi r ed,

but valve member into the high pressure chamber of the cylinder. During the
exhaust stroke of the hollow piston the valve seat is sealed in high pressure
tight manner against the defined sealing surface of the valve member.
The device according to the invention for producing high pressure in
a fluid is connected to the fluid supply at its inlet end. The high pressure
chamber is connected to another device into which or through which the fluid
is conveyed under high pressure. The hollow piston or the cylinder is
attached to a drive which brings about relative movement between the hollow
piston and cylinder and which applies the force required to generate the high

pressure.
In the first embodiment, the cylindrical valve member may be guided

and mounted in axially movable manner directly in front of the end of the
hollow piston, the diameter of the valve member being substantially equal 10
the internal diameter of the cylinder. On the outside. near its outlet end. the
hollow piston has an encircling, preferably turned or shaped groove as a stop
member, into which a plurality of snap hooks on the valve member engage.
Instead of the groove, the hollow piston may have at its outlet end a shaped
taper with an encircling, outwardly funnel-shaped edge. The outer diameter
of the hollow piston at its outlet end is greater than the base diameter of the
groove and less than the diameter of the cylinder. Instead of the encircling
groove, the outlet end of the hollow piston may be provided on the outside.
at several, preferably 2 diamerrically opposed points, with flattened areas
which form a step to act as a stop means. The flat end of the holiow piston

provides a valve seat cooperating with a defined flat sealing surface on the
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Its axis always remains parallel to the axis of the hollow piston. This
productes a defined sealing surface at the inlet end of the valve nenber.
The di stance over which the val ve menber can travel relative to the

hol | ow piston is linmted by a stop or stop neans which holds the novabl e

val ve nmenber together with the holl ow piston. I n sone enbodi nents
of the i nventWOA713& ein the stop is beyond the out | et eMETEPI/RSIVal ve
menber, there may need to be at | east one recess in the region of the
outl et end of the valve nenber to enable the fluid to flow t hr ough

bet ween the stop and the val ve nenber when the valve is open. The or
each recess is located either in the valv@-nenber at the outlet end thereof
or in the stop in the holl ow piston. In the position where the

val ve nenber abinlet side phehesvalye glembee hdhe @er edge gt Be endref thelhplows
opened In the Bﬁﬁ? hﬁv&‘p@’@ﬁ&ﬁfg}{f val ve menber abuts on t he defi ned
a o]

seal ing surface ve I'S sed. A val ve nenber arranged

i nsi de the hol | ow pi &1t oive bexond i embodithentndhe cylindricali valvegeemitser thie benner
in front of

wal |l of the holl o) i A val ve nber rran c
Uhe ent of Cthe. EORPEaRABRAY Hibpnee SEPIin st BEEE sad of e hollovgistort 1 he

mai n punp cyl i neg@r digheleP df IR valKe lﬁéinﬁé?'bilr%aﬁfbsmﬁMIyVéiuXPtd ?he mte?ﬁl' vel y
cl osed and opened as the hol|ow piston noves, on acCount of friction

bet ween t he vaI sitammméltheemmme 'Ei}qmddefrthv\mllow piston is shaped- Iimva:qrihnmder
pref erably_conshiviiedfn Phikibd 7 3o/l 18b kol S 8 valve HERAL 91
ter| a or t In ter f

pl asti cs. The ve ne iSs sel ecte Its
hardness. to conpueméatcowml hadctumsmmhrwmeshamd@egahe inap hiobles dfovhiokv pi st on

and may be et abuga5 i the Shabed e W W Rondd BRI TRE RS g '

. surface which extends around the peg rests on the outlet end of the piston on

the edge of the lip.

In the third embodiment, the preferably cylindrical valve member may
be mounted so as to be fully movable inside the hollow piston. The outlet end
of the hollow piston has an internal diameter greater than the internal diameter
of the remainder of the hollow piston. The length of this widened portion of
the hollow piston is somewhat greater than the length of the valve membei.
The diameter of the valve member is substantiaily equal to the inner diameter
at the widened end of the hollow piston. The outlet end of the holiow piston
is shaped inwardly to form a lip either over its entire periphery or over a part
of its periphery and acts as a stop which holds the valve member inside the
hollow piston. The base of the widened portion which forms the valve seat
may be flat or conical. A fluid flow recess in the outlet side the valve
member may, for example, take the form of a stepped channel. A fluid flow
recess in the siop may be constructed, for example. as an indentation in the
lip edge.

In a variant of this embodiment, the valve member may be arranged
totally inside the hollow piston at the inlet end thereof. The stop will then be

located at the outlet end of the widened portion and the defined sealing surface
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PCT/ EP96/ 04351 5 val-ve
menber 1s preferably manufactured in one piece. When the fluid is
sucked in, the high pressure chanber is connected to the fluid supply by
means of the hollow piston. During the intake stroke of the holl ow

pi ston the fl éq F t hrough the hol |l ow pi ston and past t heT/EPIKMISE
menber into t i pressure chanber of the cylinder. During the

exhaust stroke of the hollow piston the valve seat is sealed in high
pressure ti ght manner against the defined sealing surface of the valve
nmenber . The device according to $4he invention for producing high

pressure in a fluid is connected to the fluid supply at its inlet end.

The hi gh pressur | tidlefBR] BCthe HOUDWDidtd.0 Whi ch or
t hrough whi ch tﬁvgnfureﬁ'ir}%n&?@s? s@%ﬁ@?ﬁ%%ﬂ‘ééﬁleﬁi gh prgss_ure.q”Th.e hol | ow -
pi ston or the cyl i ndix thesfourthembodiawnt, shexheliaw; pistoni aonsists of g shintwalledr | at i ve

novenent between . the hol.lqw  piston,and cyli. lLch . ' t he
force required f"l?ediéw&? & g’alpﬁ‘é aj, i3, gnd pfﬂ"’écg'égr'ég%e i aﬁ% '?E@";o??st
enbodi nent, t he wgl dn"élicireRhg ¥rsiittioR @b tie endyoflthe gpicd atlowedifioh thewalved in

axi al l'y novabl e manner directly in front of the end of %&1 hol |.qw pi st on,
the di aneter of membexa(The ayiindrical U@Nﬁ@‘%&t’%ﬁ‘f‘f’%ﬁfﬂﬂ mQvanly mpunted jn

nternal i amet g, ghod Bwek) i3 Biped gt A ! GictiEing EHtrickon O Wdolerend, ¢ he

hol | ow pi ston h n-encircling, preferably turned or shaped groove as a
stop nenber, thickowalléd:tube mayubeapushed drfto sheaiples sad of dhe hollow, pisian. MSnber

end a shaped - pupEsiafpefr SR8 et 0 et BhinRc of eTBhcMGod aniBs 1 1 e
outer di aneter thick-walled tube further being fixedly connected to the hollow piston and
preferably extending approximately up to the encircling constriction in the
hollow piston. The thick-walled tube acts as a displacement member and
makes it easier for the fluid to be sucked into the high pressure chamber
virtually without pressure being applied. The thick-walled tube is preferably
made of plastics. _

In a variant of this embodiment,. the--valve-member may be mounted
fully inside the hollow piston at the inlet end thereof. The stop is then located
at the encircling constriction and the defined sealing surface is located at the
shaped edge at the iniet end of the hollow piston.

In the fifth embodiment, the hollow piston comprises a thin-walled tube
which contains a thick-walled tube the outer diameter of which is equal to the
inner diameter of the hollow piston, and which is fixedly connected to the
hollow piston. The thick-walled tube functions as a displacement body and
makes it easier for the fluid to be sucked in virtually without pressure being
applied.

The inlet end of the hollow piston is widened. At the widened end. the
hollow piston is fixedly connected to a closure member the outer diameter of
which is greater than the outer diameter of the widened iniet end of the hollow

pision. The ciosure member contains a depression which is open on its side
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of the hollow piston at its outlet end is greater than the base dianeter of
t he "groove and | ess than the dianeter of the cylinder. Instead of the
encircling groove, the outlet end of the holl ow piston may be provi ded on
t he out si de. at several, preferably 2 dianmetrically opposed points, with
flattened areas which forma step to act as a stop neans. The flat end of
the hol | ow pi W@12683r ovi des a val ve seat cooperating wth apdeikpssdasi at

seal ing surface on the WO 97/ 12687

PCT/ EP96/ 04351 - 6- i nl et
side of the valve nenber. The outer edge at the end of the holl ow

pi ston may be chanf ered. In th8-second enbodi ment, the
cylindrical valve.ne ed and novably mount ed directly in

er, may
front of the endafg ﬁewwsmdowdmféb%hpﬂow pisieg. dn shechase obthetdepressibvis menber
bei ng substanti gl t cylinder. The
end of the holl owdglefsﬁ?I %hfléfg%gﬁgg& fof Bﬁdﬂ]md df'lﬁ"ﬂ%eregslﬁi éegﬁes§| Pd¥ed 1ip
and acts as a stbgwomsalrnr ﬂmxnfoanyﬂie\deﬁnedmnng surfacenount ed a coaxi al ,
s. of which e behind the

undercut, nushrooms e sna g
shaped edge of the h Ig‘? g?% erTﬁe F‘Ee’ﬂ e Jepression Eh%?“a@@s'&mi ch

ext ends ar ound uﬁm&ﬁguhﬁ%uﬁdeﬂrkot Be100b8 btihlle Mbvable liRah® idehR%IG The
external diameter of the valve member is smaller than the internal diameter
of the depression, but preferably greater than the internal diameter of the
hollow piston in that part of it which projects into the cylinder. The valve
member may contain, at its outlet end, at least one recess through which the
fluid flows into the high pressure chamber during the intake stroke of the
hollow piston.

The stop for the valve member is preferably the end of the
displacement body which projects into the widened portion of the hollow
piston. or - if the end of the displmment body is located in the unwidened
portion of the hollow piston - the transition from the unwidened portion of the
hollow piston into the widened inlet end thereof.

The hollow piston with the widened inlet end preferably consists of
metal. The displacement body and closure member are preferably made of
plastics. The valve member may be made of plastics or metal.

Of particular significance is the use of the device according to the
invention for producing high pressure in a fluid in an atomiser (nebulizer) for
propellant-free spraying of the fluid.

According to another aspect of the invention, there is provided an
atomiser for spraying a fluid, consisting of an upper housing part, a pump
housing, a nozzle, a blocking mechanism, a spring housing, a spring and a
supply container, characterised by

a pump housing fixed in the upper housing part which has at one end

a nozzle member with the nozzle,
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t he edge of the lip. In the third enbodi nent, the preferably
cylindrical valve nenber nay be mounted so as to be fully movable inside
the holl ow piston. The outlet end of the hollow piston has an internal

di aneter greater than the internal dianeter of the remai nder of the

hol | ow pi ston. The length of this w dened portion of t he hol | ow pi ston

I s sonmewhat han the I ength of the valve nenber. PCIEPdk @gg* er of
t he val ve nenper '?is“;substantial |y equal to the inner dianeter at the

wi dened end of the hollow piston. The outlet end of the holl ow piston S
shaped inwardly to forma lip either over its entire periphery or over a
part of its periphery and acts as a stpp whi ch hol ds the val ve nenber

i nside the hol | ow pi ston. The base of "the wi dened portion which forns

t he val ve seat ey, Ridw é’fsto?rwﬁp%@ embet,! Ui d flow recess in the outlet
side the val ve menber e : exa tdke the formof a stepped
channel . A fluid fl ova drive dlanges in whidhethsttmﬂowaylsdoe is seeured and dvhitloris
exanpl e. as anlnde ation in the i p edge. In a variant of
this enbodi ment, {P$hG MPRT QSN BATt o o1 anged totally inside the

hol’l ow pi st on at the d lﬁlb@l&lngﬂﬁcﬁdﬁ%henfcateifhedﬁt@pew\hdmﬁgm be | ocat ed at
the outlet end of the wi dened portion and the defined g surface

VO 97/ 12687 a spring housing with the spring located therein, w 1ch |s rotatably

PCT/ EP96/ 04351  mounted by means of a rotary bearing on the upper housing part,

a lower housmg part which is fitted onto the spring housing in the axial

direction.

Other aspects of the invention are set out in the independent claims but
variations and combinations of particular features therein can be made without
departing from the scope of the invention. Certain preferred features are
defined in the subclaims

Further preferred features of the atomiser will now be described. The
atomiser is preferably a metered dose inhaler.

The hollow piston with valve member preferably corresponds to one
of the devices according to the invention mentioned hereinbefore. It projects
partially into the cylinder of the pump housing and is mounted in axially
movable manner in the cylinder. The holiow piston with valve member exerts
a pressure of 5 to 60 MPa (about 50 to 600 bar), preferably 10 to 60 MPa
(about 100 to 600 bar) on the fluid at its high pressure end at the moment of
release of the spring.

The nozzle in the nozzle member is preferably microstructured, ie.
produced by microtechnology. Microstructured nozzle members are disclosed,
for example, in US Patent 5472143, the entire contents of which are
incorporated herein by reference.

The nozzle member consists, for example. of two plates of glass and/or
silicon firmly joined together, of which at least one plate has one or more

microstructured channels which connect the nozzle inlet end to the nozzle
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- 7 - will then be on the shaped edge at the inlet end of the hollow
ptst on. In the fourth enbodi nent, the holl ow piston consists of a -
thin-walled tube which is shaped at its end projecting into the cylinder
and is provided with an encircling constriction at the end of the space
al l owed for the valve menber. The cylindrical valve nmenber is guided and
movabl y nount W@ 9742687 t he space between the shaped edge and RCRERO43SC! i ng
constriction. Another t hi ck-wal | ed tube may be pushed into the inlet end
of the hollow piston, its outer diameter being equal to the inner

di anmeter of the hollow piston. and this t hi ck-wal | ed tube further being
fixedly connected to the hollow piston adl@- preferably extending

approximately up to the encircling constriction in the hol | ow pi st on.
The thi ck-wal | eQutlessadqcAkthesnozzlgontleenshisat leashpey cisewdar or moniceiscular easi er

f the fluid t ' i gh. Qe . . virtuall i
vm'o'[ hou'ta pr glssur g”‘ﬁ@'ﬁg&% ?’55‘9‘%’2‘%?‘2%% \/\Ez/gfs fﬁéi%ﬁnﬁtggmgﬁc&:g? &%’3:{6 g made
of plastics. hydraulic diametar. \Hydraulic didmetérs in thisttpps ofeapparatul are/gengilgenber

may be nounted ful Il i nsi de the hol #lomﬂ ggﬁst,on at the inlet end thereof.
The stop is t helfst §B8Q micrameres preferably |-7 IUTOMENES. ¢ i on and the defi ned

seal ing surface is | PhaliRetrivhs bf Spraying WFRES n6LLS iRlthd hézzie"meinb& a9 t he

hol | ow pi st on. In the fifth enbodi ment, the hollow pisto
conprises a thi FnRarallel 1o gpe anotheroramay: beydnglined eelative de ope rnestien. ubreat he

out er di aneter ' | ' ol r h ol | ow
pi ston, and whi fgé]zz!@ging 9)?%‘3"@%%%%2%&% S%é;gﬁén"%%gﬁl g%‘o%}'?f'l‘ﬁ‘é

t hi ck-wal | ed t udicectionscofl spray amy dedinsljried celativet tobaetyanatier at amahgle fiom easi er
for the fluid t €k lL.oVvirtual it hQut, p sur.e bein appl i ed.
The inlet end o?b ?‘ﬁel%ﬁo'l ﬁ%\fér I¥t%natﬁl §‘j'% 3450%355 R [ﬁﬁe \;\lﬁ'ﬁe‘ﬁﬁf 18A}0 t he

hol | ow pi st on i sprdyingeoiest inahe eitlnty dfahe nozzds openingeber the outer di aneter
of

in the pump housing, a non-return valve with or without spring bias
may be provided between the nozzie opening and the high pressure chamber
of the cylinder. This non-retrn valve closes off the high pressure chamber
in the resting state of the atomiser, protects the fluid from the entrance of air
and may if necessary prevent volatile components of the fluid from
evaporating out of the pump housing. The non-return valve opens
automatically as soon as the pressure of the fluid in the high pressure chamber
exceeds a minimum value and the current of fluid is created: it closes
auromatically as soon as the current of fluid is exhausted. The non-return
valve may be, for example, a ball valve. It may aiso consist of a flexible
plate which is clamped on one side and rests like a flap on the outlet end of
the high pressure chamber. In another embodiment it may consist of a disk
of preferably flexible material, clamped all the way round, pierced by a pin.
The pierced hole allows the current of fluid to pass through to the nozzle as
soon as the pressure in the fluid exceeds a minimum value. After the currenf
of fluid is exhausted. the pin hole closes up again.

The valve member is preferably mounted at the end of the cylinder

tacing the nozzle member.

SUBSTITUTE SHEET (RULE 26)



which is greater than the outer dianmeter of the widened inlet end of the

hallow piston The closuwre nenher caontaing a depression which is open on

its side " WD 97/ 12687

PCT/ EP96/ 04351 facing the wi dened end of the hollow piston. In the
base of the depression is an opening acting as an inlet for the fluid.
The base of twe HaREeesSsi on may be conical or flat: it forl‘@l‘éﬁﬁ%&?{i ned
seal i ng surface. The val ve nenber is arranged in the depression in

t he cl osure menber: it is guided so as to be axially novable in the
depression. The external dianeter of the valve nenber is smaller than the
I nternal dianeter of the depression, byl preferably greater than the

i nternal dianmeter of the hol |l ow piston in that part of it which projects

into the cylinder. Thmevmloggn% OFE eaNing "Rech&fisn?i Kas &% spring, q,_\llyep‘{bbegd, at
| east one recess through which the uid flows into_ the high pressure
chanber during théndricabhelicak qompsessionspring. ap a|sios6.fg5imechanical energy. Tighe st op

for the val ve MeperadSoR s dFval hinde's§ aJiiiof mdbfber ul MBLAEATBI bRy N h

prejects into the ened portion
- is determined by the position of a blocking member. The path of travel of the

driven flange is precisely defined by an upper and lower stop. The spring is
preferably tensioned by an external torque via a force stepping-up device. eg.
a helical sawtooth thrust cam, the force being generated as the upper housing
part rotates counter to the spring housing in the lower housing part. In this
case. the upper housing part and the driven flange comprise a single or
multiple sawtooth wedge arrangement.

Mechanisms of this general type are disclosed in US Patent 4260082
and GB Application 2291135 the entire contents of both of which are
incorporated herein by reference.

The blocking member with engaging blocking surfaces is arranged in
an annular configuration around the driven flange. It consists. for example.
of a plastics or metal ring which in one form is inherently radially resiliently
deformable. The ring is arranged in a plane at right angles to the atomiser
axis. After the biassing of the spring, the blocking surfaces of the blocking
member move into the path of the driven flange and prevent the spring from
being released. The blocking member is actuated by a button. The actuating
burton is connected or coupled to the blocking member. In order to actuate
the blocking mechanism the actuating button is pushed paralle! to the plane of
the ring, preferably into the atomiser; the deformable ring is thereby deformed
in the plane of the ring to release the flange for movement by the spring.

The preferred blocking member and spring are described and shown
in German Patent Application 195452267 and filed by Microparts but assigned
o Boehringer Ingelheim International GmbH. The entire contents of this

application is incorporated herein by reference.
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piston, or - if the end of the displacenent body is located in the

unw dened portion of the hollow piston - the transition fromthe

unwi dened portion of the hol | ow pi ston into the wi dened inlet end

t her eof . The hol Il ow piston with the widened inlet end preferably
consists of netal. The displacenent body and cl osure nenber are preferably
made of pl aswownadghre val ve nenber nay be nade of pl astics PBCI/EPSsaH43st

O particular significance is the use of the device according to the

i nvention for producing high pressure in a fluid in an atom ser (nebulizer)
for propellant-free spraying of the fluid. Accordi ng to anot her
aspect of the invention, there is providgg an atom ser for spraying a
fluid, consisting of an upper housing part, a punp housing, a nozzle, a
blhocki ng _nrecgagi Sm e ardrigereptivnally contains angechanical catmeplcymprisingianer
characterise

Whi ch has. at - ondciEHdhEadksE Sl EREDs RouReH 0B tho i Aousiog. The ans af7, 12687
PCT/ EP96/ 04351  (pe spindle extends in the region of the outer surface parallel to tHe axis of the
atomiser.  The spindle is mounted, in the region of its ends. by means of a
rotary bearing on the spring housing. The spindle has teeth at the end closest
to the upper housing part. On the edge of the upper housing part is at least
one cam which engages in the teeth at the end of the spindle when the two
housing parts are rotated relative to one another. A slider with rotation
prevention means is mounted on the spindie and engages its threads.

The preferred counter is described and shown in German Patent
Application 195 49 033.9 dated 28 December 1995 and filed by Microparts
but assigned to Boehringer Ingelheim International GmbH. The entire
contents of this application is incorporated herein by reference.

The lower housing part is pushed axially over the spring housing and
covers the mounting, the drive of the spindie and the storage container for the
fluid. The position of the slider is visible through a recess in the lower
housing part and can be read off on a scale, eg. on the lower housing part.

When the atomiser is actuated the upper housing part is rotated relative
to the lower housing part. the lower housing part carrying the spring housing
with it. The spring meanwhile is compressed and biassed by means of the
helical thrust cam, and the blocking mechanism engages automatically. The
angle of rotation is preferably a whole-number fraction of 360°, eg. 180°.
At the same time as the spring is biassed, the driven part in the upper housing
part is moved a certain distance, the hollow piston is retracted inside the
cylinder in the pump housing, as a result of which some of the fluid is sucked
out of the storage container into the high pressure chamber in front of the
nozzle.

By means of the gears, which consist of a piston on one end of the
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a hol | ow piston with valve nenber, a drive flange in which the

part, a bl ocki ng mechanism|ocated in the upper housing part.
a spring housing with the spring |ocated therein, which is roratably
nount ed by neans of a rotary bearing on the upper housing part,

a | ower housiygonpesy Which is fitted onto the spring housi n?&&g’;ﬂﬁa{im al
out 1n the

di rection. Q her aspects of the invention are se

i ndependent cl ai ns but vari ations and conbi nati ons of particul ar
features therein can be made w t hout departing fromthe scope of the
i nvention. Certain preferred features arg, . defined in the subclains
Further preferred features of the atom sér will now be described. The

atom ser i s prapiiddind #ralk bP ks S8R ¢dB&af fe upper housing Raﬁ[.hﬁe_fi‘ahfi\%"" pi ston
wi th val ve nenber preferably correspondS to one of e devi ces according

to the inventi droveEent ehthe tworhousing arte is pickedrup and convertggaintd akowryi nt o t he

i nd f th ' . and, i.S . ' ks bl
The ot nder - nEHRn 8 S A a SHAURS, bR Stiflr 0y he FRRGRS Dol G
to 60 MPa (aboeactbatianiofi® tiecngmiser, efecslidld is nidved a cétaif/Ristance 4lobtie 100 to

600 bar) on the ﬂdPi d at its high pressure end at the nonent of rel ease
of the spring. SPmde. The nozzle in the nozzle nenber is preferably

m crostructured, ieThe pobitiofl Of 8é éﬂﬂem'na_fcaiee%apig:@ﬁumoMo?&ﬁbshﬁfd%%ed_'”022' e
menbers are discl gsed, for exanple, in US Patent 5472143, the entire

contents of whidtmnisadehas alreadydhesn taken draw the; siorage easraines a0d how much is  The
S con 1y THevlblc, The Blitrhhe iphibtaf batad: f et MR o rore
m crostructur eafehmnmgslug\hi ch connect the nozzle inlet end to the nozzle
If desired, a plurality of (preferably collapsible) replaceable storage
containers holding the fluid which is to be atomised can be inserted into the
atomiser one after another and used. The storage container is not pressurised
or substantially not pressurised. The pressure of the fluid in the storage
container is in any case substantially lower than the pressure generated in the
high pressure chamber by the mechanically operated atomiser. The storage
container comains, for example, a fluid containing a drug.
A suitable contziner with a dimensionally stable outer part and an inner
part collapsible as the liquid therein is removed as disclosed in US Patent
5316133, the entire contents of which are incorporated herein by reference.
The atomising process is started by gently pressing the actuating
button. The blocking mechanism then opens up a path for the driven part to
move. The biassed spring pushes the piston into the cylinder of the pump
housing. The fluid leaves the nozzle of the atomiser in spray form.
The components of the atomiser are made of a material which is
suitable for the function. The housing of the atomiser and. insofar as function
aliows, other parts are preferably made of plastics, eg. by injection moulding.
For medicinal purposes, physiologically acceptable materials are used.
The atomiser according to the invention is used, for example. for
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end. At the nozzle outlet end is at | east one circular or non-circular
opening less than or equal to 10 [err]min size. Size in this connection

refers to hydraulic dianmeter. Hydraulic dianeters in this type of
appar at us ar ewasapesr! vy | ess than 100 m cronetres pref er aRET/ERIGBESS]

m cronetres. The directions of spraying of the nozzles in the
nozzl e nmenber may run parallel to one another or nmay be inclined
relative to one another. In a nozzl e menber having at |east two nozzle
openings at the outlet end, the di rectij¢ns of spray may be inclined
relative to one another at an angle from 20 to 160[err], preferably at

an angl.e from 60ptopelldid{feeegroduttien df medicinahgerosols. Adpinhalablg ageasel witht he

vicinity of the nozzle openings. . L0 e '

non-return val vea\mac"?]a‘fﬁr&ﬁﬂaﬁg%? @?H‘F%‘%PQE‘”“EEﬁﬁg%eg’?%g&“ﬁg%‘%yween t he
nozzl e openi ng affedeNsmal PariARS fveQge HasEb fess thanofi2 thm) aye ineckssary Tor s
non-return val ve closes off the high pressure chanber i theggr?eﬁti ng

state of the atop¢usgetionfighdewn in@ the [ungs.f Tléﬁﬁ'f‘?fg‘"élﬁf’?ﬁﬁ isprefgrably  5ng

evapor ati ng out AR e O onr et urn. val ve opens

automatically as soonThs following activesubssdncesarefmentigngdnby way iof gxample ofur e

chamber pharmaceutical compositions in the form of agueous or ethanolic solutions.

depending on the solubility of the active substance: berotec. berodual,
flunisolide, atrovent, salbutamol, budesonide, combivent. tiotropium. oxivent
and suitable peptides.
The solutions may also contain pharmaceutically acceptable excipients.
The preferred device according to the invention for producing high
pressure in a fluid and the preferred atomiser containing this device have the
following advantages:

- The device contains a valve which operates without any auxiliary force
(produced by a spring) and closes as a result of the flow resistance of
the fluid on the valve member or as a result of the friction on the
cylinder wall.

- The valve is tight against a pressure generally above 3 MPa (30 bar).

- The valve member is made in one piece; it is easy to manufacture and
assemble. .

- The valve closes very rapidly owing to the short distance travelled by
the valve member to reach the defined sealing surface.

- The valve has a high sealing action.

- As a result of the guiding of the uniaxially rotationally symmertrical
valve member. a defined sealing surface is produced which is high
pressure tight through a very large number of cycles'of movement of

the hollow piston.
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exceeds a mninmumvalue and the current of fluid is created: it closes

automaticallv as soon as the.current of fluid is exhausted _The non-return
val ve may be, for exanple, a ball valve. It may al so consist of a flexible
plate which is clanped on one side and rests like a flap on the outlet end

of t he high pressure chanber. In another enbodinent it may consist of a
di sk of pregbesadtsy flexible material, clanped all the waypcratrosloqads er ced
by a pin. The pierced hole allows the current of fluid to pass through
to the nozzle as soon as the pressure in the fluid exceeds a m ni num

val ue. After the current of fluid is exhausted, the pin hole closes up
agai n. The val ve nenber is pre[ngbly nounted at the end of the
cyl i nder faci ng the nozzl e nenber. WO 97/ 12687

PCT/ EP96/ 04351 _ - ; - :

The bl ocking or | at cmS“r?eéﬂ?S%P‘srﬁeh}é'gh X'?B"r’ie rtl:ga,lm%erre%agrbaeblfe?ﬂ—gxtremely

cylindri cal helical sroalpr ession spring, as a store for mechanical energy.
which i det er m nihe BPORE B b REREH ) dOieRE By R0
travel of the dr i persoris| bodaoibiasthe springl andciefaciesd they amising processd | oner
stop. The spri ng s The atomiser works without propellant gas and is therefore
environmentally friendiy.
- The storage container for the fluid is not pressurised or substantially
not pressurised.
- The movement of the blocking member is automatically coupled. by
a simple method, to the rotary movement for biassing the spring.
- In a preferred embodiment the atomiser consists of low-wear purely
mechanical components and operates reliably over long periods.
- Owing to the defined abutments for the driven part the metering of the
fluid is very accurate.
- The atomiser can be manufactured cheaply and assembled easily..
- The mechanical counter is automatically advanced as the atomiser is
actuated; it is uncritical of tolerance. casy to assemble and operates
safely and reliably.
- The counter is inaccessible when the atomiser is used properly and
cannot be falsified by accident.
- The counter can be adapted to any number of releases of fluid from the
storage container and to different overall numbers of storage containers
to be used with one atomiser.
- The counter is integrated in the atomiser and does not take up any
additional space.
- No substances can pass from the counter into the substance which is

to be atomised.
Preferred embodiments of the invention will now be described by way
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preferably tensioned by an external torque via a force stepping-up device.

eg. a helical sawmooth thrust cam the force being generated as the
upper housing part rotates counter to the spring housing in the |ower
housing part. In this case.- the upper housing part and the driven fl ange
conprise a single or mul ti pl e sawt oot h wedge arrangenent.

Mechani sns OVOOTI268eneral type are disclosed in US Pat ent PCIGPOSG3ST and
GB Application 2291135 the entire contents of both of which are

i ncorporated herein by reference. The bl ocki ng nenber with
engagi ng bl ocking surfaces is arranged in an annul ar configuration around
the driven flange. It consists, for exargl-e. of a plastics or netal ring

which in one formis i nherently radially resiliently def ormabl e. The ring
i s arranged i nofiepdrapie with refesencedn ghecdrawingstie whidhyi ser  axis. After the

bi assing of the spr ) \72@ %)rldo%(m’g c[‘gagsat Bi‘ﬁm“ﬁl’g&ﬂ“pgfn? d;gtm_)er nove -

into the path of the ange an prev e spring ei ng

lr3 el eased. The l&hrbokxd'hmgt Gﬁ”rmhl % for pm‘({]uca%fiﬂgltmuwMaJMMMrmgg wetheng
utton is connected or coypl ed.to the bl ocki.n Jn order to actuate -
t he bl ocki ng né‘b“l‘?ﬁ“‘?’brﬁ"c %Etvd’é‘( Pﬁgﬁdt?éwnp'?@ &ﬂgbr?é‘a"lﬂﬁ“ﬁl"l‘ﬂ of 35t he pl ane
of the ring, vawehn@ndery into the atomser; the deformable ring is thereby
def or ned in the pI ane of the ring to rel ease the flange for novenent by
the spring. m@apﬂbﬁéﬂﬂééf%l@ém igwsobissecondembadimentar e descri bed

and shown I n Ger g, PRt ggtar@g vé%%?%?tﬁl;dg&g‘%‘h{eﬁghby M croparts

but assigned to Boéhringer e| m nternati onal e entire
contents of this E[gsl4ac4b|an¢h4care similap views of atfourth ambodimengr ence.

Figs 4d, 4e and 4f are similar views of a madification of the fourth
embodiment;

Fig 5 is a longitudinal section of a fifth embodiment; and

Figs 6a and 6b are longitudinal cross-sections of a metered dose inhaler
according to the invention in different operative conditions.

The various embodiments of the pump device have aiready been
described above in general terms but these descriptions will now be
supplemented with further description with reference to the drawings.

Figure 1a shows a longitudinal section, viewed obliquely, through the
first embodiment of the device according to the invention for producing high
pressure in a fluid. In the cylinder (1) is the hollow piston (2) with the
coaxial bore (7) and the valve member (3) in the partly open position of the
valve. Between the bottom of the valve member (3) and the end of the
cylinder is the high pressure chamber {4). The high pressure chamber is
closed off by another component (not shown). Mounted on the hollow piston,
outside the cylinder, is a device (not shown) by means of which the hollow
piston can be displaced inside the cylinder.

Figure b shows the hollow piston (2) viewed obliquely. The end of

the hollow piston facing the valve member is provided with a groove (5)
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The atom ser optionally contains a nmechanical counter conprising a screw
t hreaded spindle which is nounted on the spring housing. The axis of t he

spindl e extends in the region of the outer surface parallel to the axis of

t he at om s@bo7iakey SPindle is mounted, in the region of it@ﬂiﬁm y
ndl e has

means of a rotary bearing on the spring housing. The spi eeth
at the end cl osest to the upper housing part. On the edge of the upper
housing part is at |east one cam which engages in the teeth at the end
of the spindle when the two housi ng pasts are rotated relative to one
another. A slider with rotation prevention neans is nounted on the

spi ndl e and eng +d : f |

descri bed and sﬁg&nﬁ lg| é\&gﬁé@ﬁgﬁf@%qdefg?zng theA‘fc% |c%@%h€%g?@88@ég@'ﬁt ed 28
Decenber 1995 aanhuiarlland fosming arsep{8) the diarheler ofswhiichnizdess chafohé exoermal

| ngel heim I nter Lona The entire contents of this appljcation is
i ncor por at ed he&gﬁtﬂﬁgﬁﬁk ?@@%ﬁ’c iston () afid gr&ﬁé;’%@%@rb%é’é‘{"ﬁ&' Fﬁ‘gr‘{“’ is
pushed axi al 'y greeve.t The fohi &ige a0 dse did 6Mle holl®w pREdh mAE b&CRAithierdd, t he

drive of the spindle_and tchﬁ storage containegr for the fluid. The
position of the sli ddguteslc,showsthe yalye,mgmber (33 viesved; obligualyy dibas. for housi ng

part and can beexafipt, @irke Shlanflei? 3\99 én i@auﬁpeuﬁiee 1 BRiad e BYwPIhd

VWen the atom ser is actuated the upper housing part 1s rotated ré'{ ative
to the | ower hahieivalye imepen. t Mounedvon the valive mepbet (D aon yis siglet taeing el Ng

of ‘the” el i cifioy e e, 00 cRBRPE s drdp ROSRGFIR W ACorufEE R © "
aut omat i cal | y. titdirectionogthe cifcumférende®s thesvalveahember| js lesswhai £ thiradrer
fraction of 36Qy; %ﬁ’t:uulnse%n%{:.r ]'l'he snap hooks (6) are shorter in the axial direction than

the length of the, for example, grooved end of the hollow piston.

During assembly, the vaive member (3) is placed on the end of the
hollow piston (2), and the hooks (10) slide into the groove. The hollow piston
together with the valve member is then pushed into the cylinder.

When the valve is open, the inner edge of the hooks (10) abut on the
step (8). When the valve is closed, the base of the valve member (3) facing
the hollow piston fits tightly on the end of the hollow piston (2) which acts as
the defined sealing surface.

In order to take in the fluid. the hollow piston is lifted partly out of the
cylinder. whereupon the vaive automatically opens. The fluid flows through
the bore (7) in the hollow piston and past the valve member into the high
pressure chamber (4). In order to expel the fluid, the hollow piston (2) is
pushed into the cylinder (1), whereupon the valve closes automatically,
virtually instantly, and high pressure is generated in the fluid.

Figure 2a shows the second embodiment of the device according to the
invemion for producing high pressure in a fluid as a longitudinal section
viewed obliquely. In the cylinder (1) is the hollow piston (11) and the valve
member (13) in the partly open position of the valve.
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At the same tinme as the spring is biassed, the driven part in the upper

hedsi ng part is noved a certain distance, the hollow piston is retracted”
i nside the cylinder in the punp housing, as a result of which sone of

the fluid is sucked out of the storage container into the high pressure
chanmber in front of the nozzl e. By neans of the gears, which
consi st of a Wo¥68In one end of the WO 97/ 12687 PCI/EP96/04351

PCT/ EP96/ 04351 - 13 - spi ndl e

and a rack or racks on the edge of the upper housing part, the relative
novenent of the two housing parts is picked up and converted into a rotary
novenent of the spindle and di spl acenent-@8-the slider on the spindle. On
each actuation of the atomi ser, the slider is noved a certain distance

al ong the spi ndl e. Figure 2b showsBEhongitwlinal section throughsthe dollow pistaratidy what

St orage cont ai newihle Saeea S S 2R G e FuBp Y. 5 Bhubin bhdY
spi ndl e can be r@Qepmayfbenfiredisivcated in thediotow psiftom resetting | ug.
T desired, a plurali by o o Rhows the viive member (13) as ' fongiaudinal section ~2°
viewed obliquely. Mounted on the valve member is a coaxial, undercut peg
(14) the projecting end of which engages behind the shaped edge (12) of the
hollow piston. The end (15) of the peg facing the hollow piston may be
chamfered. The peg may have an indentation or bore (16) extending in the
axial direction and possibly longitudinal slots extending upwards from the end
(15) thus forming snap hooks so that the peg can be pushed into the shaped
end of the hollow piston, thereby engaging behind the shaped edge.

Figure 3a shows the third embodiment of the device according to the
invention for producing high pressure in a fluid in longitudinal section viewed
obliquely. In the cylinder (1) is the hollow piston {17) and the valve member
(18) in the closed position of the valve.

Figure 3b shows a longitudinal section viewed obliquely through the
hollow piston (17) with the shaped end (19). At the outlet end of the hollow
piston is the widened portion (20) in which the valve member (18) is guided
and mounted in axially movable manner. The inlet end of the widened portion
(20) is chamfered or flat.

Figure 3c shows the cylindrical valve member (18) in longitudinal
section viewed obliquely. Both ends of the valve member are planar and are
located perpendicularly to the axis of the valve member. The valve member
(18) contains, for example, four stepped channels or flats (21) on its outer
surface to facilitate fluid flow past the shaped end (19), i.e. the inturned lip,
when the valve is open, the ends of the channels (21) being radially inward
of the lip. The edge of the valve member (18) which abuts on the inclined

base of the hollow chamber (20) may be chamfered.
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containers holding the fluid which is to be atom sed can be inserted into
the atoniser one after another and uysed. The storage container is not
pressuri sed or substantially not pressurised. The pressure of the fluid
in the storage container is in any case substantially |lower than the
pressure generated in the hi gh pressure chanber by the nechanically
oper ated at om e storage contai ner contains, for exapplh P”P' ui d
containing a rugmggl? A suitable container with a di nensi ona st
stable outer part and an inner part collapsible as the |liquid there| nis
renoved as disclosed in US Patent 5316135, the entire contents of which
are incorporated herein by reference. The atom sing process is
started by gently pressing the actuating 19butto The bl ocki ng machanl sm
then opens up a path W

pushes the piston |nt1fc])1gt &eﬁ%ﬁdéf'%é; p%%wg&p(t}ggm o(';-tgl*iskﬁl it @ | ui Ieaves

t he nozzle of t hadatednpmnnl(IO)spm alatf the walve member TH®) canrrpmemmmdfy t he
atoni ser are nade .0 table for the function. The

housi ng of the eﬁ"mﬁ“%g?c"e?ﬂd" ‘?%gmgﬁ?&q&%mf’ﬁ%q)ron al | ows, other parts are

preferably made of plt%stass‘esnmsagmebvawmmwerusml pusned intGOthe 'Widegdnal
pur poses, physi ol ogi cal | é acceptable materials are The
e

at oni ser accor diPegiand2gh fPFﬁ/@Ht"Pﬁ# end (4 2of the (9P"‘é‘)( aPn'Fb?’b's shaped. VO
97/ 12687 Figure 4a shows the fourth embodiment of the device according to the

PCT/ EP96/ 04351
invention for producing high pressure in a fluid in longitudinal section viewed

obliquely. In the cylinder (1) are the hollow piston (22) and the valve
member (23) in the closed position of the valve. The diameter of the valve
member is less than the inner diameter of the hollow piston.

Figure 4b shows a longitudinal section. viewed obiiquely. through the
hollow piston (22) with the shaped outlet end (24) forming an inturned lip and
the encircling constriction (25). The thick-walled tube (26) acting as the
displacement body may be pushed into the hollow piston (22) and secured
therein.

Figure 4c shows the vaive member (23) in oblique view. At the outlet
end of the valve member is a radially extending indentation (27) in the form
of a transverse slot to facilitate fluid flow when the valve is open.

Figure 4d shows an alternative to the fourth embodiment in
longitudinal section, viewed obliquely. In the cylinder (1) is the hollow piston
(28), optionally with the displacement body (26), with the valve in the closed
position. The diameter of the valve member (29) is less than the internal
diameter of the hollow piston.

Figure 4e shows a longitudinal section, viewed obliquely, through the
hollow piston (28) with the shaped outlet end (24) and the encircling
constriction (25). At least one indentation (30) in the form of a recess or
notch is provided 6n the shaped outlet end (24) to facilitate fluid flow when

the valve is open. Instead of the indentation there may be a convexity.

SUBSTITUTE SHEET (RULE 26)



- 14 - propel l ant-free production of nedicinal aerosols. An inhal able

aerosol wth a mass average particle (droplet) size of about 5 [err]m

can be produced thereby. These smal |l particles (average size | ess than
12 [err]m are necessary for penetration right down into the lungs. The
anount discharged is preferably about 15 mcrolitres. The

fol | owi ng act WP&7438BLt ances are nentioned by way of exanpl e RSI/EPI604381
pharmaceutical conpositions in the form of aqueous or ethanolic solutions.
depending on the solubility of the active substance: berotec. berodual,
fluni solide, atrovent, sal butanol, budesoni de, conbivent, tiotropium

oxi vent and suitabl e peptides. -20-  The solutions may al so

contai n pharnmaceuticglly acceptabl e excipjents.. ) ) The preferred
devi ce according to Wé’}l‘? ows She Yalye ﬁF@hﬂc&ﬁb"‘tﬂb&Hf‘e view,  loghiscase, n o
fluid and the pogivaivesiedbe s sSirgfiliP b idten Withtiorestdsce have the

fol | ow ng advant ages: vice contains a val ve which operates
wi t hout any auxi | i ar Fighte § shows the fifth embpdiment efi theydeyiceaccordjngatocthe | oses as

a result of the; resi nce of . .he .l uj. n,the val ye nmenber
or as a result 3’%‘%‘3 @? i"i@‘ﬁ'SH‘go'Hg'E Rerssure 1 a adid] '3;}%’#4{%’3%%'9“ and

TEe va: ve is n{) i gibwmgu(iqumly.alnnheeﬁinder 09 isthe hbovapiston (31)\#5’55‘;5 3&,[51@;21, -
The val ve nenber i e in one.pniece; it is, easy,t.o nuf act ure an
assenbl e. _the ﬁsﬁ@"’eﬁt&f’@y c‘?@s e@%ﬂ‘é opihg ﬁﬁiédﬂﬁlﬂg‘vl{éﬁ"ﬁ%’@'e& Be t

di stance travel {38§oPthe hollow piston isttﬂ@clb&lrﬁ‘?ndﬁﬁﬁpﬁﬂt\ﬂufﬂ@‘a@g&%rp@ﬂ ned

seal i ng surface. he val ve has a hidgh seal i ng acti on.
2]

As a result of 2n4dog(36).nin e indepration istheghided. sxially moxably valyemember al
b T SR AR Y AR S ool "

The embodiments of the device according to the invention for
producing high pressure in a fluid shown in Figures 2a to 5 work in the same
way as has already been explained with reference to Figure la.

Figure 6a shows a longitudinal section through the preferred atomiser
described in detail above with the spring biassed and Figures 6b shows a
longitudinal section through the atomiser with the spring released.

The upper housing part (51) contains the pump housing (52) on the end
of which is mounted the holder (53) for the atomiser nozzie. This holder is
preferably as described in German Patent Application P19536303.3-51 of 4
October 1995 (and a parallel PCT application being filed simultaneously
herewith in the joint names of Boehringer Ingelheim International GmbH and
the inventors) the entire contents of which are incorporated herein by
reference. In the holder is the nozzle member (54) and a filter (55). The
hollow piston (57) fixed in the cup-shaped drive flange (56) of the blocking
mechanism (57) partly projects into the cylinder of the pump housing. At its
end the hollow piston carries the valve member (58). The hollow piston is
sealed off by the seal (59). Inside the upper housing part is the annular
abutment (opposite annular ridge (60) on the flange) on which the flange rests
when the spring is released. On the axial end of the cup-shaped driven flange
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t he hol | ow pi st on. WO 97/ 12687

PCT/ EP96/ 04351 - 15 - -
The dead space of the high pressure chanber can be kept extrenely

smal | . The atom ser can be operated safely and easily even by
untrai ned . persons, both to bias the spring and to actuate the

at om si ng PG S5 2687 The at om ser works w thout pr gas and
is therefore environnmental ly friendly. he St orage
container for the fluid is not pressurised or substantially not
pressuri sed. The novenent of the bl ocking nmenber is automatically
coupl ed. by a sinple nethod,nhg the rotary novenent for biassing
t he spring. In a preferred efiyodi nent the atom ser consists of

e Rt DUt st abumens BRI BHER ok ARRLTALE, RILPUSHE RO £OLY el
the netering obiakée After the biadsingi of tie Spring, ahe gendrally annular blocking

member (62) moves between the abutment (61) and a support (63) in the upper

housing part, either because of its own elasticity or (when it is more rigid) by

virtue of an external spring (not shown). The actuating button (64) is

connected to the blocking member and can either move it bodily or deform it

so that it releases thé abutment (61). The upper housing part terminates in the

mouth piece (65) and is closed off by the protective cap (66) which can be

fitted thereon.

The spring housing (67) with compression spring (68) is rotatably
mounted on the upper housing part by means of the snapping lug (69) and
rotary bearing. The lower housing part (70) is pushed over the spring housing
and rotates with it to operate the helical sawtooth cam drive (not shown) for
cocking the atomiser (moving it from the Fig 6b position to the Fig 6a
condition). Inside the spring housing is the replaceable storage container (71)
for the fluid {72) which is to be atomised. The storage container is fitted with
a stopper (73) through which the hollow piston projects into the storage
container and dips its end into the fluid. "

Mounted in the outer surface of the spring housing is the spindle (74)
for the mechanical counter. At the end of the spindle facing the upper
housing part is the drive pinion (75). The slider (76) sits on the spindie.

The embodiments shown in the drawings may be varied further. The
components may be used together in a manner other than that shown in the

drawings.
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The atom ser can be manufactured cheaply and assenbl ed easily.

The nechani cal

actuated; it is uncritical of tolerance. easy to assenbl e and operates

safely and reli

atom ser is used properly and
The counter cWOMB268Tapted to any nunber of
storage container and to different overall

counter is automatically advanced as the atom ser— s

ably. The counter is inaccessible when the

cannot be falsified by accident.
rel eases of fl uiRCIVERSOBEE
nunbers of storage containers

to be used with one atom ser. The counter is integrated in the
atom ser and does not take up any addi ti onal space.

subst ances can
to be atom sed.

pass fromthe counter int@2t-he substance which is
Preferred enbodi nents of the invention w

be described by Examplel: Miniatnsed devicesfor producing high pressure for a medicinal

PCT/ EP96/ 04351

tomiser - 16 -

exanple with refEfence to the draw ngs in which: -

The valve area of a medicinal atomiser according to Figure 1a consists
of a cylinder made of polybutylene- terephthalate with an internal diameter of
1.6 mm and an external diameter of 5 mm. The high pressure chamber is
closed off by a nozzle carrier plate. In this plate is a nozzle 20 um in
diameter and the nozzle channel is 2 mm long.

A metal hollow piston with an external diameter of 1.59 mm and a
bore 0.35 mm in diameter is pushed into the cylinder. The hollow piston can
be pushed 50 mm into the cylinder and its stroke is 12 mm long. The hoilow
piston has an encircling turned groove 4 mm wide with a base diameter of
0.75 mm. The groove is bounded by a 4.0 mm long step with a diameter
1.15 mm. The outer edge of the turned end of the hollow piston is
chamfered.

The valve member made of polybutyleneterephthalate consists of a 2

of

mm thick disk 1.59 mm in diameter and 3 snap hooks. Three semi-cylindrical .

channels 0.4 mm in diameter are provided as recesses on the outer surface of
the disk. The snap hooks project 6 mm from the disk and the inner edge of
the hooks is 4.2 mm away from the disk. The valve member may thus be
moved axially 0.2 mm relative 0 the hollow piston.

The delivery volume is 23.4 mm®. The pressure in the fluid is about
32 MPa (320 bar).

This atomiser is used to atomise or nebulize liquid pharmaceuticals for
medicinal aerosol therapy. The atomiser delivers the drug in the required

dose on each actuation.
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Figs la, Ib and Ic are respectively a longitudinal section of a first
: . . : : i nato

t he i nvention, an oblique view of its hollow piston and an oblique view
of its val ve nenber; Figs 2a, 2b and 2c are simlar views of a
second enbodi nent; Figs 3a, 3b and 3c are simlar views of a

third enbodi musg712687 Figs 4a, 4b and 4c are simlar ViEemprogdis:
fourth enbodi nent; Figs 4d, 4e and 4f are simlar views of a
nodi fication of the fourth enbodi nent ; Fig 5 is a |ongitudinal
section of a fifth enbodi nent; and Figs 6a and 6b are

| ongi tudi nal cross-sections of a netered gose inhaler according to the
invention in different operative conditions. The vari ous

enmbodi nents of t EB: AAVAisEritkAVdevite fERpROdRERS high plestre ford cobfete 1 N
general ternms but these descriptions will now be suppl enented with
further descript3a¥ns&tith ref erence to the draw ngs. Figure la
shows a | ongitudinal section, viewed obliquely, through the first

enbodi nent of the device according to the invention for producing high
pressure in a fluid. The vaive arehiofck cosmistici atomiser barrésponding to Figure 3ai t h t he

ial b 7 d t | in th 1| oy f
Shax Al oPve.  Heofintn ot e B o oD erpuney Kelhnt WimARine P BEReRPBY 255" 0 1 e
cylinder is the dun@iadBh o8y dRanfeh? P8 mi4)The High pregrendtanber i cfdsadBaT | S

cl osed of f by another conponent (not shown). I\/bupt{.)gd on the holl ow pi ston,
out si de the cyl iBderozzlecarrierplatee InAhs Ptk P nFgle o 1gdigmetenwithd hol | ow

pi ston can be di bl ¥ e cylinder. Figure | b shows the
@%@Eﬁdéﬁu% nflf 16

hol | ow piston (2) vie I 'que V. The end of  the hollow piston facing
the val ve nenmber is g bollaye@isn bf einforned plgsgips with an external diameter of

2.48 mm and a bore 0.5 mm in diameter is pushed into the cylinder. The
hollow piston can be pushed 45 mm into the cylinder and its stroke is 24 mm.
The hollow piston is drilled out to an internal diameter of 1.85 mm over a
length of 5.0 mm at its outlet end. The base of the drilled-out chamber in the
hollow piston is chamfered. The outlet end of the hollow piéton is thermally
deformed.

The valve member is a cylinder of polypropylene which is 3.0 mm
high and 1.6 mm in diameter. Four stepped channels are provided as recesses
in the outer surface. The valve member can be displaced axially about 0.5
mm inside the hollow piston. '

The delivery volume is about 116 mm?®. The pressure in the fluid is
about 3 MPa (30 bar).

This atomiser is used to atomise a hair spray.
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WD 97/ 12687

PCT/ EP96/ 04351 - 17 - which is
bounded, at its end facing the valve nmenber, by a rectangul ar section
anhular land formng a step (8) the dianeter of which is less than the
ext-er nal di aneter of the hollow piston (2) and greater than the base

di anet er of ™W®97/1268r oove. The front edge at the end of thePonEPSB4ISISt ON
may be chanf er ed. Figure 1c shows the val ve nenber (3) viewed
obliquely. It has. for exanple, three channels (9) on its out er surface
to facilitate fluid flow when t he valve is open. Nbunte

menber (3), on its side facing the hoR4oew pi st on,
three snap hooks (6) the width of which, in the di re Wﬂm w%,l””"’
circunference oflaime val ve menber, is less than a third of

circunference. The snap hooks (6) are shorter in the axial di rection tHan
the length of the, for exanple, grooved end of the hollow piston.

During assenbl yj. theA\/dewcefﬁe cing higtspreksageih amutdm:ompﬁsia algigton hol | ow
pi ston (2), and &}‘1:6 hooks sl.i de |nt t he ?erﬁ%gv ge ho Iow p| ston
toget her with t Wl a*w"ﬁ@maqyyn e highopressu B Whishi iy lncated

Wien the val ve fréntCHﬁHe }S&ﬁl inﬂﬂ@rtheeéiﬂﬁnd&f ahd'@ \B%kﬁrh(ckcﬁev?cgq%%@fst he step

(8). Wen the valve is closed, the base of the val ve menb aci ng
t he hol | ow pi st on fia eylindgical lyolbw pistenend of the hol |l ow piston (2) which

acts as a valve member which is guided by the hollow piston and is mounted
so as to be axially movable against the hollow piston,
a stop means on the hollow piston which holds the vaive member to the
hollow piston, and '
a defined sealing surface at the inlet end of the valve member.

2, A device according to claim 1, including

é cylindrical hollow piston with a stop on the outside of the hollow
piston in the region of its outlet end,

a cylindrical valve member which is guided and mounted so as to be
axially movable directly at the outlet end of the hollow piston,

a plurality of undercut snap hooks mounted on the valve member. and

a defined sealing surface at the inlet end of the valve member on the

flat outlet end of the hollow piston.

3. A device according to claim 1 or 2, including
an encircling, preferably wrned or shaped groove or a shaped taper
with an encircling, outwardly funnel-shaped edge as the stop means at the
outlet end of the hollow piston, the external diameter of the hollow piston at
- 1ts end being greater than the base diameter of the groove or the external
diameter of the taper and less than the diameter of the cylinder, or

several. preferably two. diametrically opposite points at the outlet end

ect Has Been Reﬁaced
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the defined sealing surface. In_order to take—imthe fluid, the

hollow piston is |ifted partly out of the cylinder pon the val ve
automatically opens. The fluid flows throu mm“ﬂ \mﬁﬂml n the holl ow
pi ston and past the valve nenber into the ﬁ anber (4). In
order to expel the fluid, the hollow piston*(2j i's pushed into the
cylinder (1), wihenggon the val ve cl oses automatically, wvir s1
instantly, and high pressure is generated in the fluid. Figure 2a
shows the second enbodi rent of the device according to the invention for
produci ng high pressure in a fluid as a | ongitudi nal section viewed
obliquely. In the cylinder (1) is the haljpw piston (11) and the val ve
menber (13) in the partly open position of the val ve. WO 97/ 12687
PCT/ EP96/ 04351 of the hollow piston with flattened surfaces and a step acting ad Stop means.
Figure 2b shows a | ongitudinal section through the hollow piston (11)
with the shaped outlet end (12) of the hollow p| ston. A displacenent body

(26) may be fixedly |oeiigd Fi gure 2c shows
t he_val ve nenber (13) gg&a r‘%dr%lé x{i%gﬁ 1 sectlon '
a hollow piston having an inwardly shaped edge at the outlet end of the

hollow piston to act as stop means,

a cylindrical valve member which is guided and mounted in axially
movable manner directly in front of the outlet end of the hollow piston,

a coaxial undercut peg on the valve member, and

a defined sealing surface which rests on the shaped edge at the outlet

end of the hollow piston.

5. A device according to claim 1, 2 or 4, including

a cylindrical valve member the diameter of which is less than the
internal diameter of the cylinder or |

a cylindrical valve member the diameter of which is equal o the
internal diameter of the cylinder, and at least one channel extending inthe
axial direction of the valve member, preferably on the outer surface of the

valve member.

6. A device according to claim 1, including

a cylindrical hollow piston having a widened portion at one end, the
inner diameter of which is greater than the inner diameter in the remainder of
the hollow piston,

an inwardly shaped edge of the hollow piston,

a valve member which is guided and mounted in axially movable
manner inside the hollow piston in the widened portion thereof. the maximum
diameter of the valve member being less than the internal diameter of the
hollow piston in its widened portion and greater than the internal diameter in

This Sheet Has Been Re; laced
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vi ewed obliquely. Munted on the valve menber is—a-coaxial, undercut peg
(14) the projecting end of which engages behind the shaped ﬁigT‘ﬁcZ) of the
hol | ow pi ston. The end (15) of the peg facing thjl’,ﬂ” y be
chanfered. The peg nmay have an indentation or bo Wl mjﬂrl n the
axi al direction and possibly longitudinal slots ext efidi hg upva fromthe

end (15) tweos97f1268711 Ng snap hooks so that the peg can be peshed.Jogssp t he
shaped end of the hollow piston, thereby engagi ng behind the shaped

edge. Figure 3a shows the third enbodi nent of the device
~according to the i nvention for producing high pressure in a fluid in

| ongi tudi nal section viewed obliquely.260 the cylinder (1) is the hollow
pi ston (17) and the val ve nenber (18) in the closed position of the

val ve. thEirgmaad&bofsdhe\tﬁllmlpamgi tudi nal section viewed obliquely

t hrough t he hol | ow |ston 17 th the a At the outl et
end 019 the hol | ow Eﬂsbﬂmﬁ écets %B?B'i“geﬁ ?‘geéﬂl‘#{ﬂ%ﬁm fe val ve
menber (18) is gui dedadeﬁ dseﬂl'ii%nilﬁﬁcé'lbcﬁéﬂq}dl& ae\h%hb@ PIRODSE the xma&' nl et

end of the wi dened portion is chanfered or flat

3c shows the cyl¢ﬂ¢mf'§alvab’alm@nb¢énber (18) in longitudinal section VI ewed
obliquely. Both ends of the valve nenber are planar and are | ocat ed
perpendicularly to the axis of the valve nenber. The val ve nenber (18)
contains, for exanpl eAdewicEasmqlpgdoclaimﬁelimlmﬁng‘lats (21) on its outer

surface to facilitate fluid flo ast t he .shape t he
inturned lip, when? %W&FVJ‘(’Y@ HED hviee gﬁvd‘gengql W{\Q“@hmtlg" 88d) bei ng
radial l'y inward of thé hbidéw Ipisten, The edge of the valve nmenber (18) which abuts

on the inclined base of the hol | ow chamnber (20) mal)(l be chanf er ed.
an inwardly shaped edge at the outlet end of the ‘holiow piston as a stop

means,
at least one recess in the valve member at the outlet end thereof, or
at least one recess in the stop means of the hollow piston.

8. A device according to claim 6, inciuding

a cylindrical hollow piston having a widened portion at the inlet end
of the hollow piston,

an inwardly shaped edge at the inlet end of the hollow piston as a
defined sealing surface,

a stop means at the outlet end of the widened portion of the hollow
piston, |

at least one recess in the valve member at the outlet end thereof, or

at least one recess in the stop means of the hollow piston.

9, A device according to claim 1, including

a cylindricat hollow piston having an inwardly shaped edge at one end
of the hoilow piston,

an encircling constriction near the shaped edge of the hollow piston,

a valve member which is guided and mounted in axially movable

This Sheet Has Been Replaced
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‘Fr)%/ Erg%?gESéf t he val ve nenber (18) is Ie.s.s t han the”""'ﬁﬁ'ﬂll"c}“llltlmm
uas | y=

wi dened portion (20) so that the valve nmenber (18) can #frove \ir

wi thout friction in the wi dened portion (20). ' For assenbly, the
val ve nmenber (18) is pushed into the w dened portion (20 dﬁ he
outlet end (I 9')61‘“17he hol | ow pi ston is shaped. F} é%g’éhovvs
the fourth enbodi nent of the device according to the i nvention for

produci ng high pressure in a fluid in |ongitudinal section viewed
obliquely. In the cylinder (1) are the hagll ow piston (22) and the val ve
menber (23) in the closed position of t hé’val ve. The dianmeter of the valve
menber is | ess than the inne Il aneter, of th ol | ow, pi st.on. .
Fi gure 4b shows "é?"f'ffn'é‘?‘f’ﬁd%\é‘?lﬂ’é”eeisp&hetwegvéﬁ%#ﬁ?% 3nd ‘ﬁﬁ EBEIEI%E he
hot | ow pi st on ( 28nstridtion, tHeemtimpridiamble bf thedsalve Aeriser being 1653 than mened |ip
and the encircling constriction (25). The thick-walled tube (26) acting
as the di spl auterapldiamgiey ofrthe hodlop pifER i nto the hol | ow piston (22) and
secured therein. , recessin the'%%%&{ ?fﬂﬁ. o?xﬁgﬁ"ﬁ\dtmn%%l‘égrﬂ’eﬁm?r (23) in

Pet end of t e nenber

oblique view At the out e valv Is aradially

ext endi ng i ndent at i oa defified sealing)surfage whichois lacatadainside thechallowt piswonfaaci | it at e

fluid fl ow when ,t he val ve.i,S open. Figure 4d shows an alternative
to the fourth e%&ﬂ‘eﬁﬁﬁ‘fof © valv§ JBSPR8It nal section, viewed obliquely. In
the cylinder (1) is the hollow piston (28), optionally with the
dsplacement Dogy (20 {18 dh'd TGy °°°°

a cylindrical hollow piston having an inwardly shaped edge at the
outlet end of the hollow piston as a stop means,

an encircling constriction in the region of the shaped edge at the outlet
end of the hollow piston,

at least one recess in the valve member at the outlet end thereof. or

at least one recess in the stop means of the hollow piston.

11. A device according 1o claim 9, including

a cylindrical hollow piston having an inwardly shaped edge at the inlet
end of the hollow piston as a defined sealing surface,

an encircling constriction in the vicinity of the shaped edge at the inlet
end of the hollow piston as a stop means,

at least one recess in the valve member at the outlet end thereof, or

at least one recess in the stop means of the hollow piston.

12. A device according to claim 1, including

a cylindrical hollow piston,

a first encircling constriction at a spacing from the outlet end of the
hollow piston as a stop means,

a second encircling constriction between the first constriction and the

" This Sheet Has Been Replaced
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position. The dianmeter of the valve menber (29).4 W\n the internal

di aneter of the holl ow piston. Fi gu\ﬁmmﬁxm“ﬁ gi t udi nal
section, viewed obliquely, through the hol | istont (28) "with the shaped
outlet end (24) and the encircling constriction (25). At |east one

i ndentation (30) in the formof a recess or notch is provided on the
shaped out| etwosa1%687) to facilitate fluid fl ow when t he \BOTVEP96/8438DeEN.

Instead of the indentation there may be a convexity. WO 97/ 12687
PCT/ EP96/ 04351 ' - 20 -

Figure 4f shows the valve nmenber (29) in oblique view. In this case, t he
val ve nenber is a straight cylinder wth 28-recesses. Figure 5
shows the fifth enbodi ment of the device according to the i nvention for

produci ng hi gh pinles end of ithe bollomupistonias aldefined sealingsuréace: i on and vi ewed

bl i ly. h | j ' . ' . finch [
'?hel 3:J§pl>lac:age;t ebgéy‘{ ?g%.&%ﬂ%rts‘évhiégn@t u(ka&}(‘:yy [ ﬁglgpgéﬁl% %nrggs’#?] la'?send

(33) of the hol | manner desweeh hd two comsewietiensoenber (34) with the depression
(35) and bore (36). In the indentation is the guided, axially novable

val ve menber
13. A device according to claim I, 6 or 12, including

a preferably cylindrical valve member having at least one recess in the
valve member at the outlet end thereof, or
a prefefably cylindrical valve member and at least one recess in the

stop means of the hollow piston.

14. A device according to claim 1, 9 or 12, inciuding

a displacement body having an axially extending channel, which is
arranged in the inlet end of the hollow piston and fixedly connected to the
hollow piston and preferably extends as far as the encircling constriction

which is closest to the inlet end of the hollow piston.

15. A device according to claim 1, 9 or 12, including

a displacement body having an axially extending channel, which is
mounted in the outlet end of the hollow piston and is fixedly connected 1o the
hollow piston and preferably extends as far as the encircling constriction
which is closest to the outlet end of the hollow piston.

16. A device according to claim 1, including

a cylindrical hollow piston having a widened portion at the entry end
and optionally a tube as the displacement body in the unwidened part of the
hollow piston,

a closure member connected to the widened end of the hollow piston

and containing a flat or conical depression with a bore,

This Sheet Has Been Reﬁaced
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(37) which may be provided at its outlet end mnth slot (

The enbodi nents of the device according Tnihe_l_mLe M\wqu
high pressure in a fluid shown in Flgures 2a to 5 mo way as
has al ready been explained with reference to Figure 1a. ° Fi gure 6a
shows a | ongitudinal section through the preferred atom ser described in
detail above Wﬁﬁbﬁhaﬂ spring biassed and Figures 6b shows a pcrgpesdessii na
section throug e atom ser with the spring rel eased. The upper
housi ng part (51) contains the punp housing (52) on the end of which is
nount ed the holder (53) for the atom ser nozzle. This holder is

preferably as described in German Fatent_fpplication P19536303. 3-51 of 4
Cct ober 1995 (and a parallel PCT application being filed sinultaneously
herewi th in the | of Nty RaRESmEibdiORizh ¥ Fuideadsidh plohiba if il OfiglayiDH and

the inventors) the entire contents of which are incorporated herein b
reference. In thoasnsr e thei deprdssiomoand| whigk ipeptionally peovided af therqutlef 8w .~ The

hol | ow pi st on (57 . he cu haped drive flange (56) of the
bl ocki ng mchan?‘gﬁlsﬁ% ?rya B&Sﬁ?ects into the cylinder of the punp

housing. At its en&sdxe:daaﬁd nwh@regionofahe oummmefmlvab;emmmah%) The
hol | ow piston is sea f by the sj de .t he upper housi ng

part is the annul ar aﬁlﬂ"ﬁé ‘ngéﬂf%%ﬁﬂtgi‘%ﬁﬂi jead °E|“Eg%al¥°6@fm8 -t he fl ange)
on which the flange rests when the spring is released. On the axial end

of the cup- shaped driven fl an% .. WO 97/ 12687 . .
An atomiser for atomising a fluid, comprising an upper housing part.

a lower housing part. a spring housing, a spring, a pump housing. a nozzle,
a blocking mechanism and a storage container, the atomiser including

a pump housing fixed in the upper housing part and having at one end

j

a nozzle member with the nozzle,

a hollow piston with a valve member,

a drive flange in which the hollow piston is secured and which is
located in the upper housing part,

a blocking or latching mechanism arranged in the upper housing part,

a spring housing with the spring located therein, which is rotatably
mounted on the upper housing part by means of a rotary bearing,

a lower housing part which can be fitted onto the spring housing in the

axial direction. .

18.  An atomiser for atomising a fluid. comprising an upper housing part.
a lower housing part, a spring housing, a spring, a pump housing, a nozzle,
a blocking mechanism and a storage container, the atomiser including

a pump housing fixed in the upper housing part and having at one end
a nozzie member with the nozzle,

a hollow piston with a valve member according to any one of claims
! to 16. which optionally projects partly into the cylinder of the pump housing
and is optionally mounted in axially movable manner in the cylinder.
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- 21 - is the abutment (61) by which the driven f i s hel d when
the spring is bi ased. After the biassing of thq SIW@T’INMJMI 1y
annul ar bl ocki ng menber (62) noves between theabw ! ﬁﬂ’ﬁ
support (63) in the upper housi ng part, either because of 1ts own
elasticity or (when it is nore rigid) by virtue of an external spring
(not shown). H#3%8%at i ng button (64) is connected to t RETEPWOMING
menber and can either nove it bodily or deformit so that it rel eases
the abutnent (61). The upper housing part termnates in the nout h pi ece
(65) and is closed off by the protective cap (66) which can be fitted

t her eon. The spring housing (6430w th conpression spring (68) is
rot at ably mount ed on the upper housing part by nmeans of the snapping |ug
(69) and rotary betdrivg flange in ovhich theubollew piskan {s7spruted andswhighdver t he
spring housing . ' [ 0 operate the helical sawooth cam
drive (not Shom&oc?%?nﬁ@ﬁ%@% %’E{)’ﬁe&g%om ser (noving it fromthe Fig 6b
position to the Fi g Gablockingorllaiching methanisthearrdnged jpr the mippertitiusisig ipartt he

repl aceabl e storage container (71). for.the fluid (.72) ,which is to be
atom sed. The storage &Rfmgaﬁ%&si %"q‘ ithe SRfIRG E’ﬁam&l u?f'é’f’oé"ﬂéﬁh s 7efatably ough
whi ch the hol | ovinpirfiéc8n Riedigpet BolsiHglpdrDBy Heaisdlea roryBehAhgler and dips its
end into the fluid. Mounted in the outer sufface of the spring

housing i s the spi ndlalowgnhousimgpare whicheambefited onte thetspring hpusingsingbri of t he

spindle facing t 1 housing part is the drive pinion (75). The
slider (76) si tsﬁﬁuﬁ)‘ﬁgt’snbi ndl e. The enbodi nents shown in the

drawi ngs may be varied further. The conponents may be used together in a
manner ot her t ha@ t ha}{n :Stt%%vx\@r iacncc}rt%%g to g a?t}l‘l\’i 19%¢18. comprising
a blocking mechanism in the form of a helical thrust gear. with a
blocking member arranged in annular configuration with engaging locking

surfaces and an actuating button.

20.  An atomiser according to any one of claims 17 to 19, comprising
a mechanical counter having a spindle and a slide, which is moumed
- on the spring housing in the region of the outer surface, and the axis of which
runs parallel to the axis of the spring housing.

21.  An atomiser according to any one of claims 17 to 20. comprising

a nozzle member comprising two glass and/or silicon plates firmly
joined together. at least one -plate having one or more microstructured
channels which connect the nozzle inlet end to the nozzle outlet end. and the
nozzle outlet end has at least one opening less than or equal to 10 um in size
(hydraulic diameter).

22.  An atomiser according to claim 21, comprising
a nozzle member having at least two nozzle openings at the outlet end.

the directions of spraying being inclined relative to one another and meeting

e

e
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WD 97/ 12687

E:CT{VIFE?Si Sf?i;d devi ce for producing high pressure for lm,mmrul’”ﬂm,e

at om ser The val ve area of a medicinal atomiser ‘acdording to
Figure la consists of a cylinder nade of polybutyl ene- terephthal ate
with an inter | ter of 1.6 mm and an external diane

The hi gh presswljr)gmc anber is cl osed of f by a nozzle carritg?"pl{}g?a#qnn
this plate is a nozzle 20 [err]min di aneter and the nozzle channel is 2
mm | ong. A nmetal hollow piston with an external dianmeter of 1.59
mm and a bore 0.35 nmin dianmeter is pyghed into the cylinder. The

hol | ow pi ston can be pushed 50 mMminto™the cylinder and its stroke is 12

mm | ong. The hol kpwe Vi‘f‘”"‘%ga‘igﬁ’%’{@'@ﬁ‘g’“ﬁ' ing turned groove 4 nm w de

with a base dianmeter o roove is bounded by a 4.0 nm | ong
step with a dianeter 1.15 mm The outer edge of the turned end of the

hol l_ OW piston 1Sy3 Cﬂﬁ@fﬁ{;ﬁgf according to any one of claims 17 to 22, comprising
a non-return valve mounted in the pump housing between the nozzie

opening and high pressure chamber of the cylinder.

24.  An aomiser according to any one of claims 17 to 23, comprising
a hollow piston which exerts a pressure of 5 to 60 MPa (about 50 to
600 bar) on the fluid at its end facing the nozzie (high pressure end) at the

moment of actuation of the spring.

25.  An atomiser according to claim 24. comprising
a hollow piston (57) which exerts a pressure of 10 to 60 MPa (about
100 to 600 bar) on the fluid at its end facing the nozzle (high pressure end)

at the moment of actuation of the spring (68).

26.  An atomiser according to any one of claims 17 to 25. comprising -
a replaceable storage container for the fluid arranged in the lower

housing part.

27. A sworage conwiner for a fluid, containing a pharmaceutical

composition, for use in an atomiser according t0 any one of claims 17 to 26.

28.  Use of the atomiser according to any one of claims 17 to 27 for

producing medicinal aerosols without propellant gas.

29. A storage container according to claim 27. containing a

pharmaceutically acceptable solution of a medicament selected from the group

——
—_—
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The val ve nenber nade of pol ybutyl eneterephthal ate consi

thick disk 1.59 mmin dianeter and 3 snap hooks. Three%s MIQMM m [HHLIHJ
channel's 0.4 mmin dianmeter are provided as recesses on

of © the disk. The snap hooks project 6 nmfromthe di sk and the |nner
edge of the hooks is 4.2 nmmaway fromthe disk. The val ve nenber may

t hus be nowenlowe2es” |y 0.2 mmrelative to the holl ow pi st oRCI/EP96/04351 The
delivery volunme is 23.4 mjerr]. The pressure in the fluid is about 32

MPa (320 bar). This atomi ser is used to atom se or nebulize liquid
pharmaceuticals for medi ci nal aerosol therapy. The atom ser delivers the
drug in the required dose on each act uat32on. WO 97/ 12687

PCT/ EP94/ 04351 - 23 - Exanpl e

2: Mniaturised dempcisingoberpteogdbsrodunl hiluisotide,surovent; salbuamels budasonide.
atom. ser combivent, tiotropium, oxivent and suitable peptides.

30.  Anatomiser for spraying liquid at high pressure comprising a pump for
pressurising a predetermined volume of liquid and discharging it through an
atomising nozzle, the pump comprising a cylinder, a piston reciprocable
therein, the piston being tubular and providing an inlet flow path to the
cylinder beyond a first end of the piston and being provided with a non-return
valve, a liquid reservoir having a top surface, membrane, stopper or cap of
resilient material penetrated by the other end of the piston to permit liquid
flow from the reservoir through the length of the piston into the cylinder on
the induction stroke, the piston and the reservoir being fixed reiative to each
other when the pump is operated, and a pump reciprocating means for moving

the piston and cylinder relatively to each other.

31.  An atomiser according to claim 30, wherein the second end of the
piston is pointed for initial penetration of the resilient top surface, membrane,

stopper or cap of the reservoir.

32.  An atomiser according to claim 31, wherein the pump reciprocating
means comprises a spring-loaded flange or other member on the piston, such
that the spring operates the pump in the compression direction, and means for

tensioning the spring when the pump operates in the induction direction.

33.  An atomiser according to claim 32, wherein the means for tensioning
comprises a helical saw tooth cam operated by rotating one part of the

atomiser relative to another part.

34.  An atomiser according to claim 32 or 33, wherein the pump

reciprocating means comprises a manually operable latch for temporarily

This Sheet Has Been Replaced
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The valve area of a cosnetic atoniser corresponding to Figure 3a gire 3a
consists of a cylinder of polyetherether-ketaone with an mt nmmg m“\“‘
of 2.5 nm and an outer diameter of 8 mm The high pressu m

cl osed of f by a nozzle carrier plate. In this plate is a mozgle- 28" 3
[err]min dianeter with a nozzl e channel 2 mm | ong. A hol | ow
pi ston of reiniaLssflepl astics with an external diameter of  pcivepSsigdsiand a
bore 0.5 mmin |arreter is pushed into the cylinder. The hol | ow pi st on
can be pushed 45 mminto the cylinder and its stroke is 24 mm The

hol  ow piston is drilled out to an internal dianeter of 1.85 nmover a
| ength of 5.0 mmat its outlet end. The bgi? _of the drilled-out chanmber in
t he hol | ow piston is chanfered. The outlet end of the hollow piston is

thermally  defoy %ﬁ:@b\é@n&iﬁﬁb Fiot %o dis6bdrge)OF predburised
pol ypr opyl ene whi cﬂﬁﬂ? %'e SP% mEE and 1.6 (r?m i n di arre%er Four st epped

channel s are provfliidd as recesses In the outer surface. The val ve nenber
can be di splaced axially about 0.5 nm i nsi de the hol |l ow pi ston.

The delivery volune is about 116 mMerr]. The pressure in the fluid is
about 3 MPa (30 b3$.). An atomiser af¢vrdingttoany ene ofclaises 3034 whichrissalapted 2o r

spray. pressurise liquid to a pressure of at least 50 bar. 24-

36. An atomiser according to any one of claims 17-26 which is a metered
dose inhaler for producing a mist of liquid medicament for inhalation into the
lungs, the liquid droplets having a mass mean size of not more than 12

micrometres.

37. A reciprocating pump device for producing high pressure in a fluid.
comprising a cylinder, a hollow cylindrical piston which is movable in the
cylinder and provides a path for fluid therethrough, a high pressure chamber
which is located in front of the piston inside the cylinder and which is
supplied with fluid through said path, and an inlet non-return valve member
in said fluid path which moves with the piston but is capable of limited guided
movement along the piston axis between a closed position in contact with a
valve seat provided by the piston and an open position spaced from the valve
seat, the valve member being so shaped and guided that it cannot rotate about
an axis transverse to the piston axis such that a predetermined surface thereof

engages the seat.

38. A device according to claim 37, wherein the valve member is generally
cylindrical and is mounted in the hollow piston front end. the effective area

of the valve seat being substantially the same as that of the piston bore.

39. A device according to claim 38, wherein the valve seat is frustoconical.

This Sheet Has Been R
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Cl ai nms A device of mnizturiscd construction.f ssuri sing
fluild, the device conprising a piston (2;11;17;22; 28; 3%@@ l“"l

cylinder(1l), a high pressure chanmber (4) | ocatcd i nsi de
front of the piston, and a valve (3;13;18;23;29;37); wherein fhe devi c

i ncl udes: a cylindrical hollow piston that provides a path (7) for
fluid flow t WOATGREThe devi ce; a one-pi ece val ve nREDEPIGIMISE| v
novabl e between open and cl osed positions, sai d val ve nenber bei ng gui ded

by the hollow piston and being axially novabl e agai nst the hol | ow pi ston;
a stop nmeans (6; 14;15;19;24;32) on the hollow piston to limt axizl
novemnment of said valve menber; and -34- a defined sealing surface
for sealing the val ve menber when sai d val ve menber is in the closed
position, wherei49-fl mmammmmrdmzf tof 2y PRR) of Kaaimg 303 incorpesatingea i nt o
t he pressure chqﬁg gapﬁﬁglg ngfg§§§er is in the open position, and

) VIC

wherei n operation o o nove “Sai d val ve nenber fromthe open

position to t he closed position causes fluid in the pressure chanber to
be pressurised. A deyj ce accordin cl di.ng:

a cylindrical bdlt ow wm?thns ? YYoP™q sgciﬂ\"‘f hlg {gut]x?'@aJWhe

hol | ow Pi StiaRing " ﬁdﬁlerﬁﬂ'aoﬁlt&fuﬂs&&r@%f kit nd2 i,

cylindrical valve nmenmber (3) which i's guided and nounted so as to be
axially novable directly at the outlet end of the hollow piston (2),
plurality of undercut snap hooks (6,10) nounted on the val ve nenber, and
a defined scaling surface at the inlet end of the valve nenber on the flat
out | et end of the holl ow piston.

This Sheet Has Been Replaced
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A device according to claiml or 2, including an encircling,
0 :

encircling, outwardly funnel -shaped edge as the stop nmeans at the outl et
end of the hol | ow piston (2), the external dianeter of the holl ow
piston at its end being greater then the base di aneter of the
groove (5) or woar8adser nal dianeter of the taper and | ess thagriEesblissimet er
of the cylinder, or several, preferebly two, dianetrically
opposite points at the butlet end of the hollow piston with flattened
surfaces and a step acting as stop neanst¥/7 4. A devi ce according to

claim1, including
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a hollow piston (11) having an i nwardly shaped edge (12) at the outlet end

of the hollow piston to act as stop means, a cylindrical valve
menber (13) which is guided and mounted in axially novabl e manner
directly in front of the outlet end of the hollow piston. a
coaxi al undercut peg (15) on the val ve nenber, and a defined
scal i ng surfacRoehisesy rests on the shaped edge at the outl et &3%',9;“! t he
hol | ow pi st on. 5. A device according to claiml1, 2 or 4, inc ﬂding:

a cylindrical valve nmenber (3,13) the dianeter of which is less than the
internal dianeter of the cylinder or a cylindrical valve nmenber the

di aneter of which is equal to the iRf2rnal dianeter of the cylinder
and at | east one channel (9) extending in the axial direction of the
val ve nenber, preferably on the outer surface of the valve menber .

6. A device according to claim1, including: a

cylindrical hol | ow piston (17) having a w dened portion (20) at one end,
t he
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I nner di aneter of which is greater than the inner dianmeter in the remainder

(7L_of ihe hol l ow piston (17) : an i nwardly shaped edge

(19). of the holl ow piston, a valve nenber (18) which is

gui ded and nounted in axially novabl e manner i nside the hol |l ow

piston (17) in the w dened portion (20) thereof, the maxi mum

di aneter of th nber being less than the internal dianeter of the
N

hol | ow its widened portion and greater thanHHTEPHRMIS
di aneter in the remai nder of t he hol | ow pi st on. at
| east one recess (21) in the region of the outlet end of the val ve nenber,
and a defined sealing rface | ocated inside the

hol | ow pi ston at the inlet end of the valvé nber . 7. A devi ce
according to claim®6, including: a cylindrical hollow piston (17)

having a wi dened portion (20) at the outlet end

Fig.3c
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of the holl ow piston, an i nwar dl y shaped edge (19) at the outlet

end of the hollow piston as a stop neans. at | east one recess
(21) in the valve nenber at the outlet end thereof, or at | east one
recess in the stop neans (19) of the holl ow piston. 8. A devi ce
according to claim®6, including: a cylindrical hollow piston
(17) having awh portion at the inlet end of the ho %Rg'@é#]n.
an inwardly shaped edge at the inlet end of the holl ow pi storlil‘kgs a i ned
seal i ng surface. a stop neans at the outlet end of the w dened
portion of the hollow piston, at | east one recess in the valve
menber at the outlet end thereof, or at | &8t one recess in the stop
means of the holl ow piston. 9. A devi ce according to claiml1,
i ncl udi ng: a cylindrical hollow piston (22) having an
i nwardly shaped edge (24) at one end of the holl ow ppiog,. 4C
27
23
4 1

23

22

26

Fig.4a
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an encircling constriction near the shaped edge of the holl ow piston,

a val ve nenber (23) which is qui nmounted in axially_ novable manner

i nsi de the holl ow piston between the shaped edge and the encircling
constriction, the maxi nrum di anet er of the val ve nmenber being |ess
than the internal dianeter of the hol | ow pi st on; a
recess (27) in ion of the outlet end of the valve nenb

a defined seal wls‘%é?ace which is located inside the holl ow E‘FE’FB’H"’&’H he
i nl et end of the val ve nenber.

-27- 10. A devi ce according to claim9. including: a cylindrical

hol | ow pi ston (22,28) having an inwardly sg’a’oed edge (24) at the outlet
end of the hollow piston as a stop neans; an encircling
constriction (25) in the region of the shaped edge at the outlet end of
t he hol | ow pi st on;

Fig.4f
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at | east one recess (27) in the valve nenber at the outlet end thereof,

or_at least one rccess (30) _in the stop means of the holl ow piston; 11,
A devi ce according to claim9, including: a cylindrical hollow
pi ston having an i nwardly shaped edge at the inlet end of t he hol | ow

pi ston as a defined sealing surface: an encircling constriction
I n the vicini gf t he shaped edge at the inlet end of the hol | ow

pi ston as a 3%39 ﬂé%s; at |east one recess in thECREPO4INL her
at the outlet end thereof, or at |east one reccss in the stop neans of
t he hol | ow pi ston; 12. A devi ce qﬁgording to claim1, including:

a cylindrical hollow piston; a first encircling constriction
at a spacing fromthe outlet end of the holl ow pi ston as a stop
means; a second encircling constriction between the first
constriction and the inlet end & hol |l ow piston as a defined
seal i ng surface; a val dr which is guided and nounted in

axi al |y novabl e manner

Fig.5
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13. A devi ce according to claiml,
a.preferably cylindrical valve nenber
nmenber at the outlet end
| east one
14. A devi ce

between the two constrictions.
6ar. 12 _including:
havi ng at | east one recess in the valve
thereof, or a preferably cylindrical valve nenber and at
recess in the stop neans of the holl ow piston.

according to @5‘){?2}8 9 or 12, including:
- 28 - Q*a |sglacenent body (26) having an axially exFSFaﬂ?ﬂfﬁwl
channel, which is arranged in the inlet end of the hollow piston and

fixedly connected to the holl ow piston'aqq preferably extends as far as
the encircling constriction which is closeSt to the inlet end of the
hol | ow pi st on.
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15. A devi ce according to claim 1,9 or 12, including: a
di splacenent body having an axially extending channel, which is nounted in

oi ston and o ARMEMMMPRAM o< °F 75 Sheg ﬁﬁéﬁmﬂ o ]CYY

"i's closest to the utl et &nd of the hol | ow{#Eakigl=y - phBed 24

according to claim1, including: -24- | 31)
having a wi dened portion (33) at the entry} gnds. ... and .qpfLpna gﬁ ube
(32) as the displacenent body in the unw dened part of *the ™ ?o‘w‘

pi st on; Lhaims.. a closure nenber (34) c n%ﬁCt ed to the Wi (f'gd of

t he hoI | ow pi ston and containing a fl BECEHT essi-on: M t h
a bore (36); a val ve nmenber (37)_ which |s gui ded and nounted in

axi al |y nmovabl eAnffifigsr of minizjurisqdheongispriian sfop pressiisihifiid. i & slsriconal | y

provi ded atcmtnpﬂm 5|p%ione(ﬂq\%Qﬂ2@3§,hﬂtmé\%§k t@% C)'lxndé‘r??)eﬁﬁm@trpr&stﬂgt ch;
a stop neans in the region.of the out the val ve menber, and

a defined sbanbeig(Quloraied ingidy H@ Fﬁlnéf-r efhdf@i qfhé\cvmsm rodrbe ralve 17.

An -at om ser flgrls?zta%‘ﬁl')”Qh&c:ﬁh&éélv‘c&&%&ss' ng an upper housing part (51), a
| ower hou5|(ng pan R , @ spring housing, a spring }168) a punp housing

(52), a nG!z?)d iadfiel holla pikoe mahgomeﬁmatb Y fon Nluiritpvatheaugh alye

contai ner ({d)ee the atoniser i ncl udi ng: a punp housing
(52) fixed in the upper housing part (51) and having at one end a
nozzl e menber w % hog-pece e recr{lgzyrccl) movable between open and closed positions,

said valve member betng guided by the hollow piston and being axially movable

against the hollow pistoq;

-—

a stop means (6;14;15;19;24;32) on the hollow piston to limit axizl mévcmcm
of said valvc member; and
a defincd sealing surface for sealing the valve member when said valve
member is in the closed pos'u.ion wherein fluid is capable of fiowing through the
device into the pressure chamber when said valve member is in the open position, and
wherein operauon of the de\-"\c_c {0 move szid valve member from the open position o

tne closad position causes fluid in the pressure chamber to be pressurised.

2. A device according to clzim 1, including:
2 cylindriczl bollow piston (2) with 2 stop (&) on the outside of the hollow
piston in the region of its outlet end,

"ﬁif-':"'v;:y\indxical valve member (3) which is guided and mounted so as to be

_ 1ly at the outlet end of the hollow piston (2),
plurality of undercut snap hooks (6,10) mounted on the valve member, and
-a defined gcaling surface at the inlet end of the valve member on the flat outlet

end of the hollow piston.

3. A.device according 1o claim 1 or 2, including
~an encircling, preferably tumed or shaped groove (5) or a shaped taper with an
encircling, outwardly funnel-shaped cdge as the stop means at the outlet end of the

hollow piston (2), the extemal diameter of the hollow piston at its end being greater
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a hol | ow pi ston (57) with a val ve nenber (58), a drive

flange (56) in which the hollow piston is secured anﬂ“mhrethsﬁﬁocated
in the upper housing part,
29 -

a bl ocking or |atching nmechani sn( 62 l]g}! mgmm, upper
hou5|ng part. a spring housing with the spri &g ,Lherein,
which is rotably nounted on the uppgk_housing part by means of a* rotary

beari ng. a | ower housing part (70) which can be fitted onto the
spring, housing in the axial direction. | S. An atom ser for atom sing
a fluid, cehrpr*h«swg d@metspptihe Broas (Fyopiae extEmel) diaggeter of (he taperand fess

than the diameter of the eylinder, or
several. preferzbly two. diametacally opposite points at the butlet end of the

hollow pistoa with flatiened surfaces and a step acting as stop means.

4. A device according to clatin 1, including

a hollow piston (11) having an inwardly shaped edge (12) at the outlet end of
the hollow piston to act as stop means,

- a cylindrical valve member (13) which is guided and mounted in axiafly
movable manner directly in front of }ﬁc outlet end of the hollow piston,
a coaxial undercut peg (15) on the valve member, and

2 defined scaling surfuce which rests on the shaped edge at the outlet end of
the hollow piston.

5. A device according 1o claim 1, 2 or 4, including:

a cylindrical valve member (3,13) the diameier of which is less than the

internal diameter of the cylinder or 2 cylindrical valve member the diameter of which

iz equal o the internal diameter of the cylinder, and 2t least one channel (9) extending

in the axizl dirsction of the valve member, preferably on the outer surface of the valve
member.

6. A device according to claim 1, including:

2 cylindrical hollow piston (17) having a widened portion (20) at one end, the
inncr diameter of which is greater than the inner diameter in the remainder (7) of the
hollow piston (17),

an inwardly shaped edge (19) of the hollow piston,

a valve member (18) which is guided and mounted in axially movable manner
inside tbe hollow piston (17) in the widened portion (20) thereof, the maximum
diamcter of the valve member being iess than the internal diameter of the holiow
piston in its widened portion and greater than the intemal diameter in he remainder of

“the hollow piston.

at lcast onc recess (21) in the region of the outlet end of the valve member, and
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| ower hdusfng part (70), a spring housing. a spring (68), a punp housing

(52), a nozzle (54), a blocking nmechanism (62) and a storage co Lner

(71), the atom ser including: : a punp heusfng“(S?fnggggL?; t he
upper housing part (51) and having at one end a &u‘th t he
nozzl.e (54), a holl ow piston (57) mﬁth-alﬂﬂ or di ng
*0]

to any one of clains 1 to 16, which optionally ccts partIy *into the
cylinder of the punp housing and is optionally nounted in axially
noveabl e manner in the cylinder. a drive flange (56) in which

t he hol | ow pi st @Riefisedsealingadfantbcavkd Ekide the|hobat etpton 2t tiepnlgtrad gper housi ng
part, e “’gﬁblocking or latching nmechani sn(62) arranged in the
upper housi W8 pEFT " a spring housing with the spring (68)

| ocated therein, which is rotatably nount ed on the upper housing part

Dy e 01 28 ¥ OhAGPESLI in . o ) O'T 104110 ParT i can
a cylindcical hollow piston (17) having a widened portion (20) at the outlet end
of the hollow piSlOl.l"
an inwardly shaped cdge (19) at the outlet end of the hollow piston as a stop
means,

) 3
2t fcast one recess (21) ia the valve member at the outlet end thereofl or at

least one recess in the stop means (19) of the holtow piston.

8. A device actording (o claim 6, including: _
a cylindrical hollow piston (17) having 2 widened portion 2t the inlet end of
the hollow piston.
an inwardly shaped edge 2t the inlet end of the hollow pisten as a delined
sealing surface,
a stop means 2¢ the outlet end of the widened portion of the héllow piston,
at lcast one recess in the valve member 2t the outlet end thereef, or 2t lzast one

recess in the stop meafis of the hollow pisten.

Q. A device 2¢ccording to claim |, including:
2 cylindrical hollow piston (22) having an inwardly shapéd. sdge (24) at one
end of the hollow piston,

an encitcling constriction near the shaped edge of the hollow pisten,

a valve member (23) which is guided 2nd mounted in axially movable maoner
inside the hollow piston between the shaped edge and the encircling constriction, the
maximum diameter of the valve member being less than the intemal diameter of the
hollow piston;

a recess (27) in the vegion of the outlet end of the valve member,
a defined sealing surface which is located inside the hollow piston at the inlet

end of the valve member.
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19. An atom ser according to claim 17 or 18, conpri sing: a

bl ocki ng mechanismin the formof a helical thrust gear with ki ng
menber arranged in annular configuration with engag+ﬁg’T66Erﬁg’§t??aces and
an : actuating button (64). 20. An ato g to any
one of clainms 17 to 19, conprising a mechani cal qh@@% ng a
spindle (74) and a slide (76), which-is nounted o primg s housi ng

in the region of the outer surface, ald the axis of whi ch runs parallel to

t he axi s of the spring housing. _
- 30 - 10. A device accordm&lo clanmJBCmciudx:L sl 1 21. An atom ser
according to any one of .clarnms 17 to 20, conprising a nozzle

2 cylindncal hollow piston (22.28) havi m-- an inwardly shaped cdge (24) at the
outlet end of the hollow piston as a stop means;
an cncircling constriction (25) in the region of the shaped edge at the outlet
cnd of the hollow piston;
at least one recess (27) in the valve member at the outlet end thereof,

oc at least one recess (30) in the stop means ol the hiollow pistan;

11. A device according w claim 9, including: -
2 cylindrical bollow piston having an inwardly shaped edge-at the mlet end of
the hollow p.l.SlOn as 2 defined sealing surface: -
an encircling constriction in the vicinity of the shaped edge 2t the inlet end of
the hollow piston as a stop means;
at least onc recess in the valve member at the outlet end tizreof, or &t fezst one

recess in the stop means of the hollow piston;

12. A device a2ccording to claim 1, including:
2 cylindrical hollow piston;
a first cncircling consinction at a spacing from the outlet end of the hollow
piston as 2 siop mecas;
a second eacircling constriction between the first c0ﬂslncucu and the inlet end
of the hollow piston 2s a defined sealing surface;
x valve member which is guided 2nd mounted in axially movable manner

between the 1wo constnictions.

13. A device according to claim 1, 6 or 12, including: _
a preferably cylindrical valve member having at least one recess in the valve
member at the outlet end thercof, or a preferably cylindrical valve member and at least

one recess in the stop means of the hollow piston.

14. A device according to claim 1, 9 or 12, including:



menber conprising two glass and/or silicon plates firmly joined together,
at | east one plate having one or nore mcrostructured channel s which

——
————

connect the nozzle inlet end to the nozzle outlet end and ttre—nozzle
outlet cnd has at | east one opening of a hydrauli c ss t han or
equal to 10 [err]min size. 22. An at om set acc ﬂ’w muﬁ
conprising a nozzle nenber having at_,. east two nozzl*e @p

outl et end, the directions of spraylng ‘bei ng inclined relatlve t'0 one
another and neeting in the vicinity of the nozzle openings. 23. An
at onm ser accor dlangtsw‘eccanyt bery GF) bhangen 13&ially @@endommpirangéin whichoisr et ur n

val ve (58) RHRILH 8 ki ynem@wmun,gg@@tawﬁqcé\?%omz‘%h %o ARARIGA: and hi gh

pressure chanb I'i nder om ser accordi ng to any
one of cl ai piston and o-cfgdb‘te*m‘ﬁgﬁf@uaﬂﬁahhmhns constiiftion oYhiqhG¥ Flopdst th exerts a

pressure of ,5 R Lor0 t0 600 bar) on the fluid at its end
facing the H“dz";l lg\gow l‘()ﬂl‘ﬁ")gr%ggsure end, at the nonent of actuation of the

spring.
15. A device according to claim 1, 9 or 12, including:
a displacement body having an axially cxtending channel, which is mounted in
the outlet end of the hollow piston and is fixedly connected to the hollow piston and
prefecably extends as far as the encircling constriction which is closest to the outlet

-

end of the hollow piston.

16. A device according o claim 1, including:

a cylindrical hollow piston (31) having a widened portion (33} 2t the entry end
and optionally a wbe (32) as the displacement body in the unwidened pact of the
hollow piston;

2 closure member (34) connecied to the widened cnd of the hollow piston and

contzining a flat or conical depression (35) with a bore (36);

a valve member (37) which is guided 2nd mounted in axially movzble manner
in the depression, 2nd which is optionzlly provided 2t the outlet end wWith a slot (38) as
recess or a notch; _

a stop means in the region of e outlet end of the valve member, and

a deflined scaling surface at the inlet end of the valve member.

17. An atomiscr for a2tomising 2 fluid, comprising an upper housing part (51), 2
lower housing pan (70), 2 spang housing, 2 sprng (68), a pump housing (52), a
nozzle (54), a blocking mechanism (64) and a storage conuwiner (71), the atomiser
including:

a pump housing (52) fixed in the upper housing part (S1) and having at one
end a nozzle member with the nozzie (52),

a hollow piston (57) with a valve member (58),

a drive flange (56) in which the hollow piston is secured and -which is locatcd

in the upper housing part,




25. An ‘at om ser according to claim24, conprising: a hol | ow
piston (57) which exerts a pressure of 10 to 60 MPa (about 100 to
600 bar) on the fluid at its end facing the nozzle, the high pressureend,

at the nonent of actuation of the spring (68). A
atom scr according to any one of clainms 17 to 25, COWrHHI"HM gﬂ!ﬂ%})l e
c al .

storage container (71) for the fluid arranged in the | ower
27 Use of a storage container cont-@a@ni ng a pharnaceuti cal conposition as
a repl acenent for the container (71) of the atom ser according to
any one of clai g b4b7cking or latchin%?nc%l@a’nism (62) arranged in the upper housiag pan,

a spring housing with the spring (62) located thercin, which is rotatably
nmounted on the upper housing part by means of a rotary bearing,

a lower housing part (70) which can be fitted onto the spridy housing in the

axial dircction.

is. An atomiser {or atomising a fluid. comprising_an upper housing part (1), a
lower housing part (70), a spring housing. a spring (68), 2 pump housing (52).::;
nozzle ($4), a blacking mechaaism (62) and a storage coatatner (71). the atomiser
inctuding:
a pump housing (52) fixed in the upper housing part (51) apd having at onc
cnd 2 nozzle member with thie nozzle (54),
2 hollow piston (57) with 2 valve member according to any one of claims 1 to
16, which optionally projccts parily into the cylinder of the pump housing and is
optionally mouniced in axially movezble manner in the eylinder,
a drive flange (56) in which the hollow pision is sccured and which is locaied
in the upper bousing pat,
2 blocking o1 laiching mechznisin (62) arranged in the upper housing part.
a spring housing With th¢ spring (68) located thercin, which is rotatably
mounted on the uppcr'housing pzri by means of a rotary bearing,
2 lower housing pant which can be fitted onto the spring'l\?\:‘sing in the axial

direction.

19. An atlowiser according to claim 17 or 18, comprising:
"2 blocking mechanism in the form of a helical thrust gear with a blocking
mcmber aranged in annular configuration with engaging locking surfaces and an

actuating button (64).

20. An atomiser according 10 any one of claims 17 to 19, cotaprising a mechanical
counter having a spindle (74) and a slide (76). which is mounted on the spring
housing in the region of the outer surface, and the axis of which runs parallel to the

axis of the spring housing.




28. Use of the atom ser according to any one of clains 17 to 27 for
produci ng nedicinal aerosols w thout propellant gas. 29. Use of a
storage contai ner according to claim 27, wherein the container_contains a
pharmaceutically acceptabl e solution of a nedicanment selected fromthe

dal bt anol . bugesoni de.  cohbi vent . 11 ot rE'p?’L‘hf"l)'xf’ﬁelélllllﬂmlmltllllllulll

pepti des. - 30. An atoniser for-¥praying |iquid at* hi‘gh‘pr8&sstre’
conprising a punp for pressurising a prcdeterm ned volunme of liquid and
di scharging it through an atom sing nozzl e (55), the punp conprising a
cylinder (52), a piston (57) reciprocable therein, t he piston being

tubul ar arft-pr oYt dPASeRACOring Wofdrgvpap of sldims tRdo 20 Femestsidsey perdlea fir st

end of thet&h\%&%:@ﬂgnbﬁlJ‘Q.\:‘QraQMBxds@lﬁjcontal&sQirﬂgnjbh@Q WRavakV@ast o) . a Iiquid
reservoir (71) having a top surface,. nenbrane, st opper or cap (73) of

resilient MtV one opmpEtigtosschycddianasishdiclepranet tepozgr e and o per it
liquid floy, fuc@naz&hemm@\s@w% the nq{]xtcmuau(g&dthg dqeat bnolopddify §f gton into

the cylinder on the induction stro I ston
hydraulic diamcter less than or equal to 10 pum in size.

22 An alomiset according to claim 21, comprising a nozzle member having at
lcast two nozzle openings at the outlet end, the directions of spraying being inclined

relative 10 onc anothier and meeting in tie vicinity of the nozzle openings.

23. Arn atomiser according 1o 2ny onc of claims 17 10 22. comprising a non-ceturn
valve (58) mounted in the pump housing between the nozzle opening and high

pressure chamber of the cytinder.

24, An atomiser according 1o any one of claims 17 1o 23, comprising 2 lollow
piston (57) which exens a pressuic of S to 60 MPa (2bout 50 1o 600 bar) on the {luid

at its end facing the nozzle, the high pressure end, at the moment of actuation of the

spring.

25. An 2tomiscr 2ccording 1o claim 24, comprising:
a hollow piston (57) whick exerts 2 pressure of 10 to 60 Mi’a (zbout 100 to
GO0 bar) on the fluid at its cnd facing the nozzle, the high pressure ead, at the moment

of actuation of the spring (68).

26. An atomiscr according to any one of claims 17 to 25, comprising a replaccable

storage container (71) for the fluid arranged in the lower housing part.

27. Usc of a slorage container contlaining a pharmaccutical composition as a
replacement for the container (71) of the atomiser according to any one of claims 17

to 26.
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and the-reservoir being fixed relative to each other when the punp is
operated, and a punp reciprocating neans for noving the piston and
cylinder relatively to each other. 31. An atomi'ser according to
cl aim 30, wherein the second end of the piston is

tial
penetration of the resilient top surface, rrenbrane I"ﬁ“m m" “)"l“l
(73) of the reservoir (71). 32. An ser*acmord

31, wherein the punp reciprocating mans

conprlses a sprlng-loaded
fl ange or other nember on the piston, such that the spring (68)

operates the pu |n the co essi on dlrectlo or. t'ensi oni ng
t he Bori n“? fahe ¢ “‘sﬁn%ﬁmgﬁ‘ér‘&ta@ Phof K """s 9 i onr}s"'i:lf"t"g‘(‘:‘t"?"on
33. An %\&I‘L\&ﬁ!h(‘.&@ﬁl@i\dhﬁgph‘@d@d\\agm 32, vvherel n the means for tensioning

conprises a helical saw tooth cam operated by rotating one part of the
atom ser relative to another part.

Use of a sworage container according to claim 27

29. . wherein the contajner

conuains a pharmaccutically acceptable solution of a medicament sclected from- the

group comprising:  berotec,  berodual,  flunisolide, atroveat.  salbutamol,

budcsonide. combivent, tiotropium, oxivent and suitable peptides.

- 30. An atomiser {or spraying liquid at high pressure comprising a pump for

pressurising a predetermined-volume of tiquid and dischatging it through an atomising
nozzle (55), the pump compri_sing a cylinder (52), a piston (57) reciprocable therein, - -
the piston being tbular and provi.ding an tnlet flow path to the cylinder beyond a first
end of the piston and being provided with a non-return valve (58), 2 .quuid reservoir
(71) having a top surfacc, membraﬁc, stopper or cap (73) of resilient material
penetrated by the other cnd of the piston to permit liquid Qlow from the reservoir

through the length of the piston into the cylinder on the induction stroke, the pision

and the reservoir being fixed relative to each other when thé pump is operated, and a

pump reciprocating imeans for moving the piston and cylinder relatively to cach other

3. An atomiser according to claimn 30, wherein the second end of the piston is

pointed for initial penetration of the resilicut top surface, mcinbrane, stopper or cap
(73) of the reservoir (71).

32. An atomiser according to claim 31, wherein the pump reciprocatling means

compriscs a spring-loaded flange or other membeér on the piston, such that the spring
(68) operates the pump in the compression direction, and means for tensioning the
spring when the pumip operates in the induction direction.

33. An atomiscer according to claim 32, whercin the means for tensioring

comprises a helical saw tooth cam operated by rotating one part of the atomiser
relative to another part.
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-32-  -34. An atoniser according to claim32 or 33, wherein the punp
reci procating means conprises a manually operable latch (62) for

tenporarily holding the spring in its |oaded condltloniﬁ??ﬁ_T“dTSChaTge
of pressurised fluid. 35. An at om ser according

30-34 which is capable of pressurising liquid to a p,ﬂl’mn'@m‘/ﬂﬂc st 50
bar . 36. An atom ser according to any one of claifms 47 m
nmet ered dose

i nhal er for producingya mst of |iquid nmedicanent for

i nhal ation into the lungs, the | iquid droplets having a mass nean size of
not nore than 12 mcroneters. 37. A reciprocating punp device for
produci ng i gh Afr B3Tlfescrrdinstte fiagn 32 ochipriestinghareypicerierecaing,

a hol | ow
cylindricalednk 5&9&.5423 ddadaliy 3gsrAfe Bikii 36D fmtﬁborhﬁly hARNARL Spddd .Rhe cyl i nder
and provides .a path for fluid therethrough, a high pressure chanber (4)
which is |isdarded cpafitiqagmitor Brdischusepolareserrisedsfield. t hre cylinder and which is
supplied with fluid,through said path, and an inlet non-return val ve nenber
(3:13;18;29;37) in sald fluid path which noves with the piston but is
capabl e of 35. An alomm.r according 1o any onc of cluims 30-34 which is capable of

pressurising liquid to a pressure of at least SO bar.

36.

An 2tomiscr according (0 any one of claims 17-26 which is a metered dose
inhalec for producing a mist of liquid medicament for inhalation into the lungs, the

liquid droplcts having a mass meah size of not more than 12 micrometers

37. A teciprocating pump device for producing bigh pressure in 2 fluid.
comprising a cylinder (1), a hollow cylindrical piston (2:11;17:22:28;31:33) which is
movable in the cylinder

and provides a path for {luid thercthrough, a high pressurc

chamber (4) which is Jocated in front of the piston inside the cylinder and which is

supplicd with fimid through said path, and an inlet non-return valve member

(3:12:18:29:37) in said fluid path which moves with the piston but is capable of
limited guided movement along the pision axis between 2 closed position in contact
with 2 valve seai provided by the piston 2nd an open position spaced from the valve
seat, the valve mcmber being so shaped and guided thai it cannot roiate gbout an axis

transverse 10 the piston axis such that 2 predelermined surface thercof engages thic
seat.

38. A device according 10 claim 37, whercin the valve member is generally

cylindrical and is mounted in the hollow piston {ront cnd, the effective area of the

valve scat being substantially the same as that of the piston bore.

39. A device according to claim 38, wherein the valve seat is frustoconical

40. An atomiscr according to any one of Claims 30-36 incorporating a device

according to any one of Claims 37-39.
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i mted guided novenent along the piston axis between a closed position in

cont act with a val ve seat provided by the piston and an open position
spaced fromthe val ve seat, the valve nenber being—so stiape and gui ded

that it .cannot rotate about an axis transverse t i 1S such
that a predeterm ned surface thereof engages the GH'@E\I‘M““‘WH8 A
devi ce according to claim 37, wherein the valve ne rally
cylindrical and is nounted in the hollow piston front end, the effective
area of the val ve seat being substhnt | ally the sanme as that of the

. piston bore. 39 A device according to claim38, wherein the
valve seat is,fr us}(rpggg‘iifea!acco:ding to anyAdhe of ABinat UIFRE.30-Hc awy 411 hyitoaany one

. 4], . ; ,
of Clains 30- §6 i ncorporating a device according to any one of
d ai s 37- 39. nozzlc (§%) and a filtec 85) upstream of the nozzle.




-33 -, 41. An atoni ser according to any one of Clainms 17-2 %%)%9}66 aggl
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PCT/ EP96/ 04351 | -34- ' pPOS ,Qppy/
atom ser according to any one of Cainms 30-36 incorporating Afipas device -

according to . e of 37-39. 41, An_atoni ser accoNgiMig to any one
of Cl ains 17-Zﬁc - 36 andwmmm%%"%d a fil " upst ream of
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(54) Title: DEVICE OF MINIATURISED CONSTRUCTION FOR PRODUCING HIGH PRESSURE IN A FLUID TO BE ATOMISED

(57) Abstract

A ministurised device for producing high pressure in a fiuid imposes stringent
requiremnents on the manufacturing process. The device according to the invention consists
of a hollow piston (57) displaceably mounted in a cylinder and a valve member (58) which
is guided by the hollow piston (S7) and mounted s0 as to be axially movable relative to
the hollow piston (57). The valve member (58) is arranged at one end of the hollow piston
(57) inside or immediately in front of the end of the hollow piston (57). The device is
used in a mechanically operated high pressure atomiser. This consists of a two-part housing
which comprises a pump housing (52) with nozzle (54), a blocking mechanism (62), a spring
housing (67) with spring (68), a non-pressurised storage container (71) for the fluid (72) and
a mechanical counter integrated in the spring housing (67). The valve (58) operates without
any auxiliary force, closes very rapidly and is sealed tight against high pressure. The atomiser
is safe and simple to operate and environmentally friendly. The fluid is metered extremely
accurately. The atomiser is used, for example, to produce an inhalable acrosol of a liquid
medicament without the use of a propellant gas, at 320 bar, for example.
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