
WO 2005/065836 1 PCT/EP2004/014764  86348pct Device for clamping
a fluidic component  5 The invention relates to a device for clamping a
fluidic component, particularly a  nozzle, particularly in the high pressure
region. Of particular interest are holders for  microengineered
components, particularly microengineered nozzles which are to be
produced by microengineering. Such nozzles are used for example in
nebulisers for  10 producing propellant-free medicinal aerosols used for
inhalation. The aim of the invention is to further improve the clamping of a
fluidic component  consisting of a wear-resistant, hard and generally brittle
material and to increase the  reliability of the holder. 15 Microengineered
nozzles having for example a nozzle aperture of less than 10 m are
described for example in WO 94/07607 and WO 99/16530. The inhalable
droplets produced thereby have a mean diameter of about 5 m, when the
pressure of the  liquid to be nebulised is from 5 MPa (50 bar) to 40 MPa
(400 bar). The nozzles may for  example be made from thin sheets of
silicon and glass. The external dimensions of the 20 nozzles are in the
millimetre range. A typical nozzle consists for example of a cuboid  with
sides measuring 1.1 mm, 1.5 mm and 2.0 mm, made up of two sheets.
Nebulisers  for producing propellant-free aerosols in which the device
according to the invention for  clamping a fluidic component can be used
are known from WO 91/14468 or WO  97/12687. 25 The term fluidic
component denotes a component which is exposed to a pressurised  fluid,
and the pressure is also present inside the component, for example in a
nozzle  bore. Such a component may be kept pressuretight for example
by pressing into a holder  of hard material if the material of the component
can withstand mechanical forces  without collapsing or deforming to an
unacceptable degree. At high pressures, seals of 30 deformable material,
e.g. copper, or hard material which can be pressed in with great  force are
used. In the case of components made of brittle material the known
processes  for pressuretight clamping of the component require
considerable effort and great care.  It is impossible to predict with any
reliability the service life of a fluidic component  clamped in this way. 



35 US - 3 997 111 describes a fluid jet cutting device with which a
high-speed fluid jet is  produced which is used for cutting, drilling or
machining material. The nozzle body is 2  cylindrical and consists e.g. of
sapphire or corundum. The setting ring is pressed into an  annular recess
in the nozzle carrier and seals off the nozzle body against the nozzle
carrier. US - 4 313 570 describes a nozzle holder for a water jet cutting
device wherein the  5 nozzle body is surrounded by a ring of elastomeric
material which is in turn mounted in  a recess in the holder. The recess is
in the form of a straight cylinder. The cross-section  of the ring is
rectangular. The outer surface of the recess and the outer and inner
surfaces of the ring are arranged concentrically to the axis of the nozzle
body and run  parallel to one another and to the axis of the nozzle body.
10 WO 97/12683 discloses a device for clamping a fluidic component
which is subjected  to fluid pressure, which is suitable for components
consisting of a wear-resistant, hard  and hence generally brittle material,
and which does not produce any excessively great  local material tensions
in the component. The fluidic component is arranged in a holder  which
makes contact with the fluidic component on its low pressure side. The
fluidic 15 component is surrounded by an elastomeric shaped part the
outer contour of which is  adapted to the inner contour of the holder and
the inner contour of which is adapted to  the outer contour of the fluidic
component. The elastomeric component surrounds the  entire
circumference of the fluidic component. At least one free surface of the
elastomeric component is exposed to the pressurised fluid. The holder
may have a 20 projection on the inside underneath which the elastomeric
shaped part is pushed. It has  proved difficult to generate internal tension
in the elastomeric shaped part which is  sufficiently great, even at low fluid
pressures, and which is spatially roughly uniformly  distributed in the
elastomeric shaped part. This known device has proved pressuretight
when subjected substantially constantly  25 to moderate and high fluid
pressures. When subjected to alternating fluid pressures  fluctuating
between a high peak value and a very low value, the known device is in
need  of improvement for long-term use. The problem thus arises of
providing a device, for clamping a fluidic component  which is reliably
leaktight even when subjected to alternating loading from a sharply 



30 fluctuating fluid pressure in long-term use. The components needed
should be cheap to  manufacture and should also be capable of being
assembled with relative ease. This problem is solved according to a first
aspect disclosed herein that provides  for a device for clamping a fluidic
component which is subjected to alternating fluid  pressure and which
comprises a holder within which the fluidic component is 35 arranged. The
holder makes contact with the fluidic component at its low pressure end.
The device comprises an elastomeric shaped part which surrounds the
fluidic  component over its entire circumference. The outer WO
2005/065836 3 PCT/EP2004/014764  contour of the elastomeric shaped
part is adapted to the inner contour of the holder and  the inner contour of
the elastomeric shaped part is adapted to the outer contour of the  fluidic
component. The elastomeric shaped part has at least one free surface
which is  exposed to the pressurised fluid. The holder is secured at the
high pressure end to a 5 mating part, and  before the assembly of the
device the elastomeric shaped part is chamfered towards  the fluidic
component on its side facing the fluid pressure, and  the mating part is
provided with an annular projection the outer contour of which is  adapted
to the inner contour of the holder; after the assembly of the holder with the
10 mating part the projection projects into the holder and deforms the
elastomeric shaped  part, as a result of which a uniformly distributed
internal tension is generated in the  elastomeric shaped part, and  the
volume of the projection on the mating part is adapted to the volume that
is  missing from the elastomeric shaped part in the region of the chamfer,
and 15  the elastomeric shaped part which is deformed and subjected to
internal tension after  the assembly of the holder with the mating part
almost totally fills the space up to the  mating part. The elastomeric
shaped part is chamfered towards the recess at its high pressure end.  20
The chamfer begins in the covering surface of the elastomeric shaped part
at the high  pressure end on a solid line which may for example be
circular, elliptical or rectangular.  The chamfer may for example have a
constant angle of inclination, or the angle of  inclination may vary in the
azimuthal direction. In the latter case it is preferably smaller  



towards the longer side of a cuboid fluidic component than towards the
shorter side of 25 the cuboid fluidic component. The line of intersection of
the chamfer with the recess in  the elastomeric shaped part may extend at
a constant level, or the line of intersection  may be curved. The projection
on the mating part may preferably be annular and of constant width.  The
outer contour of the projection is preferably adapted to the inner contour of
the 30 holder. Moreover, the inner contour of the projection may be
adapted to the outer  contour of the fluidic component. The projection on
the mating part may have a constant  width and have a constant height on
its circumference, or the projection may vary in  width and/or height; it may
for example be higher in the two areas located opposite the  two longer
sides of a cuboid fluidic component than in the two areas located opposite
the 35 two shorter sides of a cuboid fluidic component. In this way the
elastomeric shaped part  may deform to different degrees in some areas
when the holder and mating part are put WO 2005/065836 4
PCT/EP2004/014764  together and influence the spatial distribution of the
internal tension in the elastomeric  shaped part. The internal tension in the
elastomeric shaped part is produced substantially  by the deformation of
the elastomeric shaped part, not by its compression. The  deformation of
the elastomeric shaped part and the distribution of the tension in the 5
elastomeric shaped part can be determined by the finite elements method
(FEM). The elastomeric shaped part is preferably constructed as an
injection-moulded part.  The pre-elastomer is poured free from bubbles
into a mould which is adapted to the  contours of the holder and the fluidic
component. An elastomeric shaped part of this 10 kind behaves
somewhat like an incompressible fluid. It fits precisely into the holder and
fluidic component. The elastomeric shaped part is only exposed to fluid
pressure at the  pressure end, not at the sides where it abuts on the
holder and on the fluidic component.  The elastomeric shaped part allows
pressure compensation on the fluidic component.  The elastomeric
shaped part has no free surface towards the low pressure side. The 15
elastomeric shaped part may consist, for example, of natural rubber or
synthetic rubber,  such as silicon rubber, polyurethane, ethene-propene
rubber (EPDM), fluorine rubber  (FKM) or nitrile-butadiene rubber (NBR)
or of a corresponding rubber. The fluidic component may consists of a
wear-resistant, hard and hence generally  brittle material (such as silicon,
glass, ceramics, gemstone, e.g. sapphire, ruby, diamond)  



20 or of a ductile material with a wear-resistant hard surface (such as
plastics, chemically metallised plastics, copper, hard chromium-plated
copper, brass, aluminium, steel, steel  with a hardened surface,
wear-resistant surfaces produced by physical vapour deposition  (PVD) or
chemical vapour deposition (CVD, for example titanium nitride (TiN) or
polycrystalline diamond on metal and/or plastics). The fluidic component
may be made 25 in one piece or composed of a number of pieces, while
the pieces may consist of  different materials. The fluidic component may
contain cavities, voids or channel  structures. In the voids there may be
microstructures which act as filters or anti- evaporation means, for
example. The channels may be nozzle channels for an atomiser  nozzle.
An atomiser nozzle may contain one or more nozzle channels the axes of
which 30 may extend parallel to one another or be inclined relative to one
another. If, for  example, there are two nozzle channels the axes of which
are located in one plane and  which intersect outside the nozzle, the two
fluid jets that emerge meet at the point of  intersection of the axes and the
fluid is atomised. The holder may consist of virtually any desired material,
preferably metal or plastics,  35 and may be a body of revolution or a body
of any other shape. The holder may, for  example, be a pot-shaped body
of revolution which contains a rotationally symmetrical WO 2005/065836 5
PCT/EP2004/014764  recess, starting from its lid end, the axis of which
coincides with the axis of the body of  revolution. This recess may be
cylindrical or in the shape of a truncated cone, the end of  the truncated
cone with the larger diameter being located at the lid end of the holder.
The  outer surface of the recess forms the inner contour of the holder. It
may be produced as a 5 moulding, as a casting or by processing to
remove materi al (e.g. by machining, etching,  erosion, elision). The
mating part may consist of metal or plastics. The holder which contains
the elastomeric moulding and the fluidic component is 10 assembled with
the mating part. The side of the elastomeric shaped part which contains
the chamfer faces towards the mating part. The edge of the holder rests
on the mating  part. The fluidic component may be pushed into the
elastomeric shaped part, preferably  before the elastomeric shaped part is
inserted in the recess in the holder. The holder may  be attached to the
mating part by screwing, gluing, welding, crimping, casting or press 15
fitting or snap-fitting onto the mating part. The holder may preferably be
secured to the  



mating part by a union nut. In a preferred embodiment the mating part is
formed as a body of revolution in the area  where it is connected to the
holder. The fluid which is under high pressure is conducted  20 to the
holder through a channel in the mating part which is coaxial, for example.
The fluid enters the channel structure in the fluidic component and leaves
the fluidic  component at the low pressure end thereof in the region of the
base of the holder. The  fluid pressure acts within the dead volume on the
elastomeric shaped part. The device according to the invention has the
following advantages: 25  The tension within the elastomeric shaped part
is spatially more uniformly  distributed than the tension which may be
produced in the known embodiment of  the holder by an annular projection
formed on the inside of the holder,  underneath which the elastomeric
shaped part is pushed during assembly.  The tension within the
elastomeric shaped part may be adjusted, not only by the  30 material
properties of the shaped part itself, but by the ratio of the volume of the
projection on the mating part to the volume which is absent from the
tensionless  elastomeric shaped part as a result of the chamfer.  The
fluidic component is surrounded to its full height by the elastomeric
shaped  part which is under tension. 6   The device according to the
invention is pressuretight in long-term use at fluctuating pressures with a
large difference between the maximum pressure (40  MPa or more) and
the minimum pressure (about 0.1 MPa).  The dead volume between the
deformed elastomeric shaped part subjected to  5 internal tension and the
side of the mating part facing the holder can be kept  small. It serves at
the same time to equalise the tolerances when the holder is  joined to the
mating part.  The controlled deformation of the elastomeric shaped part
during the joining of  the holder to the mating part prevents the
elastomeric shaped part from swelling  10 out through the opening in the
fluidic component. In a second aspect disclosed herein, there is provided
a use of a device for  clamping a fluidic component which is constructed
as an atomiser nozzle for a  miniaturized high pressure atomiser and
which is surrounded by an elastomeric shaped 



15 part over its entire periphery, and before the assembly of the device
the elastomeric  shaped part is chamfered towards the fluidic component
on its side exposed to the  fluid pressure, for atomizing a fluid which
contains a medicinally active substance.  20 The disclosed device for
clamping a fluidic component is used for example in a miniaturised high
pressure atomiser (e.g. according to WO 91/12687), in a  needleless
injector (e.g. according to WO 01/64268) or in an applicator for
ophthalmological medicinal formulations (e.g. according to WO
03/002045). A  medicinal fluid administered with a device of this kind may
contain a pharmaceutical 25 substance dissolved in a solvent. Suitable
solvents include for example water, ethanol or  mixtures thereof.
Examples of the pharmaceutical substances include berotec (fenoterol-
hydrobromide, atrovent (ipratropium bromide), berodual (combination of
fenoterol- hydrobromide and ipratropium bromide), salbutamol (or
albuterol), 1-(3,5-dihydroxy- phenyl)-2 -[[I -(4-hydroxy-benzyl)-ethyI]
-amino]-ethanol-hydrobromide), combivent, 30 oxivent
(oxitropium-bromide), Ba 679 (tiotropium bromide), BEA 2180 (di-(2-
thienyl)glycolic acid-tropenolester), flunisolide, budesonide and others.
Examples may  be found in WO 97/01329 or WO 98/27959. The disclosed
device is explained more fully with reference to the Figures:  35 6a  Figure
la shows in cross-section and diagonal elevation a pot-shaped holder (1)
provided with a recess (2). An opening (3) is provided in the base of the
holder.  Figure Ib shows in cross-section and diagonal elevation an
elastomeric shaped part  (4) and a cuboid fluidic component (5), which is
made up of two parts and which has  been inserted in the elastomeric
shaped part. In the contact surface of the two parts a  nozzle structure is
provided which extends as far as the nozzle aperture (6). The top  surface
of the elastomeric shaped part (4) at the high pressure end stands in the
annular  region (7) perpendicular to the axis of the elastomeric shaped
part. The chamfer (8) of WO 2005/065836 7 PCT/EP2004/014764  the
elastomeric shaped part begins on the top surface of the elastomeric
shaped part and  extends as far as the outer surface of the fluidic
component. Figure 1 c shows in cross section and in diagonal elevation a
mating part (9) with a  bore (10) and an annular projection (11) on its side
facing the elastomeric shaped part.  



5 Figure 2 shows another embodiment of the projection (11) on the mating
part (21) in  diagonal elevation. The projection (11) is higher in the two
diametrically opposite  regions (22 a, 22 b) than in the two diametrically
opposite regions (23 a, 23 b). When the  holder is joined to the mating part
the higher regions (22 a, 22 b) of the projection (11) 10 deform the
elastomeric shaped part more than the regions (23 a, 23 b). Figures 3 a, 4
a and 5 a show the elastomeric shaped part viewed perpendicularly.
Figures 3 b, 4 b and 5 b show cross-sections through the elastomeric
shaped part. The  elastomeric shaped part contains a cuboid recess (31)
for a cuboid fluidic component.  The cross-section in Figure 3 b runs along
the line A - A in Figure 3 a; the line A - A 15 runs perpendicularly to the
longer side of the recess (31). The cross section in Figure 4 b  runs along
the line B - B in Figure 4 a; the line B - B runs perpendicularly to the
shorter  side of the recess (31). The cross section in Figure 5 b runs along
the line C - C in Figure  5 a; the line C - C runs diagonally to the recess
(31). The line of intersection (32) of the  chamfer (8) with the recess (31)
runs at a constant level. The angle of inclination 20 (measured from the
main axis of the component) of the chamfer (8) is at its greatest in  Figure
3 b and at its smallest in Figure 5 b, and in Figure 4 b the angle of
inclination has  an intermediate value. Figure 6 shows a cross section
through the assembled holder which is mounted on a  25 container for a
fluid. The holder (1) contains in its recess an elastomeric shaped part (4)
with the fluidic component (5). A mating part (9) is located on the edge of
the holder.  The projection (11) on the mating part (9) projects into the
recess in the holder (1) and  has deformed the elastomeric shaped part
(4). The side (61) of the elastomeric shaped  part exposed to the fluid is
convex, but the deformed elastomer does not extend right up 30 to the
nozzle structure in the fluidic component. The dotted lines (64 a) and (64
b)  indicate the contour of the chamfered shaped part (4) before the
assembly of the holder.  The dead volume (63) serves to equalise the
tolerances during the assembly of the  holder; it has been reduced to the
minimum. The holder is secured to the mating part (9)  and to the housing
(65) for the fluid by a union nut (62). 35 The direction of flow of the fluid is
indicated by arrows. The low pressure end of the  holder is located in the
surface which contains the nozzle aperture (6). The high pressure WO
2005/065836 8 PCT/EP2004/014764  



in the fluid acts in the channel structure within the fluidic component (5),
within the  dead volume (63), within the bore (10) in the mating part (9)
and within the housing that  contains the fluid. 5 Figures 7 a, 7 b and 7 c
show the holder according to the invention in cross-hatched  cross-section
and Figures 8 a, 8 b and 8 c compare it with the embodiment in the cross-
hatched cross section according to the prior art. Figure 7 a shows a
chamfered elastomeric shaped part (4 a) with a fluidic component  (5)
inserted therein before the assembly of the holder according to the
invention. The 10 elastomeric shaped part is almost as high as the fluidic
component at its outer edge but  lower in the area of contact with the
fluidic component at the recess. The elastomeric  shaped part is still
undeformed and is not yet under internal tension. Figure 7 b shows  the
situation after the insertion of a ring (71), causing the elastomeric shaped
part to be  deformed and internal tension to be produced inside the
elastomeric shaped part. The 15 deformed elastomeric shaped part
extends over the fluidic component as far as its upper  edge. The
convexity of the elastomeric shaped part scarcely projects beyond the
height of  the fluidic component. Figure 7 c shows the deformed
elastomeric shaped part after the  assembly of the holder. The inserted
projection (11) has deformed the elastomeric  shaped part. A small dead
volume (63) is present between the deformed elastomeric 20 shaped part
and the base of the mating part. Figure 8 a shows a (non-chamfered)
elastomeric shaped part (74 a) with a fluidic  component (5) inserted
therein before the assembly of the holder according to the prior  art. The
elastomeric shaped part is lower than the fluidic component. The
elastomeric 25 shaped part is undeformed and is not under internal
tension. Figure 8 b shows the  situation after the addition of a ring (71)
which prevents the elastomeric shaped part  from falling out of the holder
or from sliding inside the holder but does not deform the  elastomeric
shaped part. Figure 8 c shows the undeformed elastomeric shaped part
after  the assembly of the holder using a mating part (9), on which an
annular projection (11) is 30 provided. The dead volume (75) in Figure 8 c
is larger than the dead volume (63) in  Figure 7 c. WO 2005/065836 9
PCT/EP2004/014764  Example: Mount for an atomiser nozzle of miniature
construction This device consists of a cylindrical holder made of steel with
an external diameter of  



6.0 mm and a height of 2.6 mm. It contains a truncated cone-shaped
recess with an  internal diameter of 4.0 mm at the base of the truncated
cone. The base of the holder 5 contains a bore 0.8 mm in diameter. The
base of the holder is 0.4 mm thick in the  vicinity of the bore. The outer
contour of the elastomeric shaped part made of silicon rubber is
cylindrical.  Before it is inserted in the holder the cylinder has a diameter
of 4.2 mm and is 2.1 nun  high on its outer surface. It contains a
symmetrically arranged recess 1.3 mm wide and  10 2.8 mm long which
passes axially through the elastomeric shaped part. The elastomeric
shaped part is chamfered towards the recess at its high pressure end.
The chamfer begins in the cover surface of the cylinder over a circle with a
diameter of  3.2 mm. The chamfer runs at different inclinations towards
the rectangular recess to a  15 constant depth of 0.7 nun at the line of
intersection with the recess. The fluidic component is constructed as an
atomiser nozzle. The nozzle is a cuboid  made up of two sheets of silicon
and is 1.4 mm wide, 2.7 mm long and 2.1 mm high. In  the contact surface
of the sheets the nozzle contains a recess which is provided with a
microengineered filter and a microengineered evaporation device. On the
side of the 20 nozzle where the fluid leaves the nozzle, the recess merges
into two channels each of  which is 8 m wide, 6 pm deep and about 200 m
long. The axes of the two channels  are located in one plane and are
inclined at about 90 degrees to one another. The two  nozzle apertures
are spaced from one another by about 100 pm on the outside of the
atomiser nozzle. 25 The essentially cylindrical mating part is provided with
an annular projection on its  side facing the holder. The projection has an
external diameter of 3.15 mm, an internal  diameter of 2.9 mm and a
constant height of 0.6 mm. The mating part contains an axial  bore 0.4
mm in diameter. The device is secured to the mating part by means of a
union nut. The mating part is  30 part of a container which contains the
liquid to be atomised. The liquid is conveyed from  the container to the
atomiser nozzle by means of a miniaturised high pressure piston  pump in
amounts of about 15 microlitres. The peak value of the fluid pressure
inside the atomiser nozzle is about 65 MPa (650  bar) and falls back to
virtually normal air pressure (about 0.1 MPa) after the end of the  35
atomisation. 



WO 2005/065836 10 PCT/EP2004/014764  Patent Claims 1 Device for
clamping a fluidic component which is subjected to a fluctuating fluid
pressure, said device comprising a holder inside which the fluidic
component is 5 arranged and which makes contact with the fluidic
component at its low pressure end,  and an elastomeric shaped part which
encloses the fluidic component over its entire  periphery, and the outer
contour of the elastomeric shaped part is matched to the inner  contour of
the holder and the inner contour of the elastomeric shaped part is
matched  to the outer contour of the fluidic component, and the
elastomeric shaped part has at 10 least one free surface which is exposed
to the pressurised fluid, and the holder is  secured at the high pressure
end to a mating part, while  before the assembly of the device the
elastomeric shaped part is chamfered towards  the fluidic component on
its side facing the fluid pressure, and  the mating part is provided with an
annular projection the outer contour of which is  15 adapted to the inner
contour of the holder, and after the assembly of the holder with  the
mating part the projection projects into the holder and deforms the
elastomeric  shaped part, and  the volume of the projection on the mating
part is adapted to the volume that is  missing from the elastomeric shaped
part in the region of the chamfer, and 20  the elastomeric shaped part
which is deformed after the assembly of the holder with  the mating part
almost totally fills the space up to the mating part. 2 Device according to
claim 1, wherein  the curve of intersection of the elastomeric shaped part
with the recess in the  25 elastomeric shaped part extends at a constant
level. 3 Device according to claim 1, wherein  the contour of the projection
on the mating part is adapted to the inner contour of  the holder. 30 4
Device according to claim 1, wherein  the projection on the mating part is
annular and has a constant width and constant  height. WO 2005/065836
11 PCT/EP2004/0 1 47 64  



5 Device according to claim 1, wherein  the projection on the mating part
is annular and its width varies over its  circumference. 5 6 Device
according to claim 1, wherein  the projection on the mating part is annular
and its height varies over its  circumference. 7 Use of a device for
clamping a fluidic component which is constructed as an atomiser  10
nozzle for a miniaturised high pressure atomiser and which is surrounded
by an  elastomeric shaped part over its entire periphery, and before the
assembly of the  device the elastomeric shaped part is chamfered towards
the fluidic component on its  side exposed to the fluid pressure, for
atomising a fluid which contains a medicinally  active substance. 15 8 Use
of a device according to claim 7 for atomising a liquid into an aerosol
administered to the lungs. 9 Use of a device for clamping a fluidic
component which is constructed as an injector  20 nozzle for a
miniaturised needleless injector and which is surrounded by an
elastomeric shaped part over its entire periphery, and before the assembly
of the  device the elastomeric shaped part is chamfered towards the fluidic
component on its  side exposed to the fluid pressure, for needleless
subcutaneous injection of a fluid  which contains a medicinally active
substance. 25 10 Use of a device for clamping a fluidic component which
is constructed as an atomiser  nozzle for a miniaturised atomiser and
which is surrounded by an elastomeric shaped  part over its entire
periphery, and before the assembly of the device the elastomeric  shaped
part is chamfered towards the fluidic component on its side exposed to the
30 fluid pressure, for administering an ophthalmological pharmaceutical
formulation. 


