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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 exampie, generally relatively.
small quantities of liquid are conveyed at high pressure through the separating
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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which is located in front of the piston inside the cylinder. and a valve, which
device includes

a cylindrical hollow piston,

a valve member which is guided by the holiow piston and is mounted
so as to be axially movable against the hollow piston,

a stop means on the hollow piston which holds the valve member to the
hollow 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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there is a tendency for leakage to occur. This can be avoided by using the
same surface of the valve member each time thus allowing bedding down to
ensure the desired seal. In the preferred arrangement according to the
invention, at least a major part of the valve member is cylindrical and is
guided in a chamber (which may, for example. be the pump chamber itself or
may be part of the interior of the piston) and the valve member cylinder has
an end surface which co-operates with the valve seal provided by the piston.
Another disadvantage of a ball valve which can be avoided using the invention
is that that transverse area of the valve is necessarily considerably smaller than
the diameter of the bali and thus the guide cylinder in which it moves: this
leads to 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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to the diameter of the chamber in which the valve member is movably
mounted.

The valve member is guided in the chamber in which it is movably
mounted: a cylindrical valve member can rotate about its axis as required, but
its axis always remains parallel 1o 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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valve member is preferably manufactured in one piece.

When the fluid is sucked in, the high pressure chamber is connected
to the fluid supply by means of the hollow piston. During the intake stroke
of the hollow piston the fluid flows through the hollow piston and past the
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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inlet side of the valve member. The outer edge at the end of the hollow
piston may be chamfered.

in the second embodiment, the cylindrical valve member may be
guided and movably mounted directly in front of the end of the hollow piston,
the diameter of the valve member being substantially equal to the internal
diameter of the cylinder. The end of the hollow piston is shaped inwardly to
provide an inturned lip and acts as a stop means. On the valve member is
mounted a coaxial, undercut, mushroom-shaped peg the snap hooks of which
engage behind the shaped edge of the hollow piston. The defined sealing

. 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

SUBSTITUTE SHEET (RULE 26)



WO 97/12687 PCT/EP96/04351

-7-
will then be on the shaped edge at the inlet end of the hollow piston.

In the fourth embodiment, the hollow 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 allowed for the valve
member. The cylindrical valve member is guided and movably mounted in
the space between the shaped edge and the encircling constriction. Another
thick-walled tube may be pushed into the inlet end of the hollow piston, its
outer diameter being equal to the inner diameter of the hollow piston. and this
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 vaive 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

SUBSTITUTE SHEET (RULE 26)



WO 97/12687 PCT/EP96/04351

-8-
facing the widened end of the hollow piston. In the base of the depression is
an opening acting as an infet for the fluid. The base of the depression may
be conical or flat; it forms the defined sealing surface.

The valve member is arranged in the depression in the closure
member: it is guided so as to be axially movable in the depression. 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 displacement body is located in the unwidened
portion of the hollow piston - the tr#nsition 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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a hollow piston with valve member,
a drive flange in which the hollow piston is secured and which is

located in the upper housing part,

a blocking mechanism located in the upper housing part.

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

a lower housing 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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outiet end. At the nozzle outlet end is at least one circular or non-circular
opening less than or equal to 10 um in size. Size in this connection refers to
hydraulic diameter. Hydraulic diameters in this type of apparatus are generally
less than 100 micrometres preferably 1-20 micrometres.

The directions of spraying of the nozzles in the nozzie member may
run paralle! to one another or may be inclined relative to one another. In a
nozzie member having at least two nozzle openings at the outlet end. the
directions of spray may be inclined relative to one another ar an angle from
20 to 160°, preferably at an angle from 60 to 150°. The directions of
spraying meet in the vicinity of the nozzle openings.

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.
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The blocking or latching mechanism has a spring, preferably a
cylindrical helical compression spring, as a store for mechanical energy. The
spring acts on the driven flange as a jumping member the movement of which
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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The atomiser optionally contains a mechanical counter comprising a
screw threaded spindle which is mounted on the spring housing. The axis of
the 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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spindle and a rack or racks on the edge of the upper housing part. the relative
movement of the two housing parts is picked up and converted into a rotary
movement of the spindle and displacement of the slider on the spindle. On
each actuation of the atomiser, the slider is moved a certain distance along the
spindle.

The position of the slider indicates what proportion of the fluid to be
atomised has already been taken from the storage container and how much is
still available. The slider on the spindle can be reset if necessary by means
of a resetting lug. :

| 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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propellant-free production of medicinal aerosols. An inhalable aerosol with

a mass average particle (droplet) size of about 5 pm can be produced thereby.

These small particles (average size less than 12 pm) are necessary for

penetration right down into the lungs. The amount discharged- is preferably

about 15 microlitres.

The following active substances are mentioned by way of example of
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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- The dead space of the high pressure chamber can be kept extremely
smail. _

- The atomiser can: be operated safely and easily even by untrained
persons, both to bias the spring and to actuate the atomising process.

- 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 abutmenis 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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of exampie with reference to the drawings in which:-

Figs la, 1b and lc are respectively a longitudinal section of a first
embodiment of a pump for producing high pressure in a fluid according to the
invention, an oblique view of its hollow piston and an oblique view of its
valve member;

Figs 2a, 2b and 2c are similar views of a second embodiment;

Figs 3a, 3b and 3c are similar views of a third embodiment;

Figs 4a, 4b and 4c are similar views of a fourth embodiment;

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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which is bounded, at its end facing the valve member, by a rectangular section
annular land forming a step (8) the diameter of which is less than the externai
diameter of the hollow piston (2) and greater than the base diameter of the
groove. The front edge at the end of the hollow piston may be chamfered.

Figure 1c shows the valve member (3) viewed obliquely. It has. for
example, three channels (9) on its outer surface to facilitate fluid flow when
the valve is open. Mounted on the valve member (3), on its side facing the
hollow piston, are, for exampie, three snap hooks (6) the width of which, in
the direction of the circumference of the valve member, is less than a third of
this circumference. The 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
invention for producing high pressure in a fluid as a longitudinal section
viewéd ob!iqﬁely. In the éylinder (1) is the hollow piston (11) and the valve

member (13) in the partly open position of the valve.
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Figure 2b shows a longitudinal section through the hollow piston (11)
with the shaped outlet end (12) of the hollow piston. A displacement body
(26) may be fixedly located in the hollow piston.

Figure 2c shows the valve member (13) as a longitudinal section
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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The diameter of the valve member (18) is less than the diameter of the
widened portion (20) so that the valve member (18) can move virtually
without friction in the widened portion (20).

For assembly, the valve member (18) is pushed into the widened
portion (20) before the outlet end (19) of the hollow piston is shaped.

Figure 4a shows the fourth embodiment of the device according to the
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
hotch 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.
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Figure 4f shows the valve member (29) in oblique view. In this case,
the valve member is a straight cylinder with no recesses.

Figure 5 shows the fifth embodiment of the device according to the
invention for producing high pressure in a fluid, in longitudinal section and
viewed obliquely. In the cylinder (1) is the hollow piston (31) which comains
the displacement body (32). Mounted on the cylindrically widened inlet end
(33) of the hollow piston is the closure member (34) with the depression (35)
and bore (36). Inthe indentation is the guided, axially movable valve member
(37) which may be provided at its outlet end with a slot (38) as recess.

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 nozzle. 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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is the abutment (61) by which the driven flange is held when the spring is
biased. After the biassing of the spring, the generally 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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Example 1: Miniaturised device for producing high pressure for a medicinal

atomiser

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
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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Example 2: Miniaturised device for producing high pressure for a cosmetic

atomiser

The valve area of a cosmetic atomiser corresponding to Figure 3a
consists of a cylinder of polyetherether-ketone with an internat diameter of 2.5
mm and an outer diameter of 8 mm. The high pressure chamber is closed off
by a nozzle carrier plate. In this plate is a nozzle 25 pm in diameter with a
nozzle channel 2 mm iong.

A hollow piston of reinforced plastics 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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L. A device for producing high pressure in a fluid. comprising a piston
which is movable in a cylinder, a high pressure chamber which is located in
front of the piston inside the cylinder, and a valve, which device includes

a cylindrical hollow piston,

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
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of the hollow piston with flattened surfaces and a step acting as stop means.

4. A device according to claim 1, including

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
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the remainder of the hollow piston,
at least one recess in the region of the outlet end of the valve member,
a defined sealing surface located inside the hollow piston at the inlet

end of the valve member.

7. A device according to claim 6, including
a cylindrical hollow piston having a widened portion at the outlet end
of the hollow piston,
an inwardly shaped edge at the outlet end of the hollow piston as a stop
means, '
o 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
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manner inside the hollow piston between the shaped edge and the encircling
constriction, the maximum diameter of the valve member being less than the
internal diameter of the hollow piston.

a recess in the region 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.

10. A device according to claim 9, including

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
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inlet end of the hollow piston as a defined sealing surface,
a valve member which is guided and mounted in axially movable

manner between_ the two constrictions.

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,
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a valve member which is guided and mounted in axially movable

manner in the depression, and which is optionally provided at the outlet end
with a slot as recess or a notch,

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

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

17.  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 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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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.

19.  An atomiser according to claim 17 or i8. 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
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in the vicinity of the nozzle openings.

23.  An atomiser 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

——
—_—

This Sheet Has

B

SUBSTITUTE SHEET (RULE 26)



R OB N A 1

WO 97/12687 PCT/EP96/04351

-32-
comprising: berotec, berodual, flunisolide, atrovent, salbutamo!, budesonide,

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
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holding the spring in its loaded condition prior to discharge of pressurised

fluid.

35.  An atomiser according to any one of claims 30-34 which is adapted 1o

pressurise liquid to a pressure of at least 50 bar.

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.
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40.  An aomiser according to any one of Claims 30-36 incorporating a
device according to any one of 37-39.

41.  An atomiser according to any one of Claims 17-26, 30-36 and 40,
having a nozzle and a filter upstream of the nozzle.
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