20047014569 A1 | I YOO OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

AT O Y000

(10) International Publication Number

19 February 2004 (19.02.2004) PCT WO 2004/014569 A1l
(51) International Patent Classification’: B05B 17/06 OLN (GB). POLLOCK, Neil [GB/GB]; 20 Coombelands,
Royston, Hertfordshire SG8 7DW (GB). SANT, Andrew,
(21) International Application Number: Jonathan [GB/GB]; 35 Stanbury Close, Fen Ditton,
PCT/EP2003/008482 Cambridge, Cambridgeshire CB5 8UP (GB).

(22) International Filing Date: 31 July 2003 (31.07.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

02016972.8 2 August 2002 (02.08.2002) EP

(71) Applicant (for all designatg‘d States except US): PARI
GMBH SPEZIALISTEN FUR EFFEKTIVE INHALA-
TION [DE/DE]; Moosstrasse 9, 82319 Starnberg (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): URICH, Markus
[DE/DE]; Arno-Assmann-Strasse 9, 81739 Miinchen
(DE). HYDE, Samuel, Charles, William [GB/GB]; 66
Girton Road, Girton, Cambridge, Cambridgeshire CB3

(74) Agents: HOFFMANN EITLE et al.; Arabellastrasse 4,
81925 Miinchen (DE).

(81) Designated States (national): JP, US.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU,
IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: FLUID DROPLET PRODUCTION APPARATUS AND METHOD

(57) Abstract: A fluid dispersion device comprises a substrate (3) having an outer section (25) and an inner section (26), said inner
O section (26) of the substrate (3) having an aperture (11), a dispersion element (10) positioned at said aperture (11) of said substrate
(3), and an actuator (4) arranged to coaxially surround said aperture (11) of said substrate (3), wherein the outer edge of said inner
section (26) of said substrate (3) is coupled to said outer section (25) of said substrate by a plurality of resilient members (81, 82, 83).



10

15

20

25

30

35

WO 2004/014569 PCT/EP2003/008482

FLUID DROPLET PRODUCTION APPARATUS AND METHOD

In a variety of industrial fields, for example those
involved in the manufacturing of devices for the
administration of medicinal compounds, it is desirable to
find means for nebulising a fluid or liquid in a

controlled manner.

One known solution to this problem involves the agitation
of a membrane by means of a pilezoelectric oscillator,
wherein the fluid to be nebulised is placed at one side of
said membrane such that the fluid is nebulised in a
controlled manner to provide fine liquid droplet sprays,
mists or aerosols on the other side of the membrane.

Such a device, as for example known from EP 0 615 470 A,
commonly comprises an annular substrate, on one side of
which is disposed an annular piezoelectric device, and on
the other side of which is placed a circular dispersion
element, all three elements being disposed coaxially. The
circular dispersion element may comprise a plurality of
fine diameter holes, substantially parallel to the axis of
the device, through which fluid passes to form droplets.
A device of this kind is shown in Figure 1A, while Figure
1B shows a cross-section of the device of 1A along the
lines of AA and how on the energizing of the piezoelectric
element 4, a standing wave is set up through the device as
a whole, having maxima at the centre of the device, where
the dispersion element or mesh 10 is located, and side

lobes nearer the circumference of the substrate.

A problem arises with the described device where it 1is
necessary to fixedly attach it to a housing. The ways of
doing this known in the prior art either result in an
undesirable influence on the oscillation characteristics
of the device or are difficult to handle, especially in
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the case of a medical treatment device employing such a

device.

One known method of securing the nebuliser known in the
prior art, as indicated in Figure 1B, involves the
provision of bearings 20, 21, 22 and 23 positioned so as
to support the substrate 3 at points at which the standing
wave present under oscillating conditions is known to be a
minimum. Clearly, this solution is limited by practical
considerations, such that in practice a significant
deterioration in the performance of the nebuliser 1is

experienced.

An alternative method known in the prior art, as indicated
in Figure 1C, involves the clamping of the substrate 3 at
an circumferential edge, involving using fixed clamps 24.
Once again, this results in a significant deterioration in
the performance in the nebuliser. If the clamping is
achieved by means of a ring of a soft resilient material
the small gaps between the ring 24 an the substrate 3 are
prone to «collect fluids or other substances causing
hygiene problems.

As mentioned above, these and other prior art methods of
fixedly securing the nebuliser device are disclosed in EP
0 615 470 A.

A further problem arising in these known techniques 1is
that there are provided numerous devices which are prone
to retention of stray matter in an undesirable manner,
particularly in medical applications where hygiene is of

particular importance.

According to the present invention from a first aspect
there is provided a fluid dispersion device comprising a
fixed frame 25, a substrate 3 having a central aperture
11, a dispersion element 10 positioned over said central

aperture 11 of said substrate 3, and an annular actuator 4
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arranged coaxially with said central aperture 11 of said
substrate 3, wherein the outer edge of said substrate 3 is
coupled to said fixed frame 25 by a plurality of resilient
members 81, 82, 83.

According to a development of this first aspect of the
invention, said plurality of resilient members 81, 82, 83

are serpentine in form.

According to a further development of this first aspect of
the invention, said plurality of resilient members 81, 82,
83 are aligned radially about the axis of said central

aperture 11 of said substrate 3.

According to a further development of this first aspect of
the invention, said plurality of resilient members 81, 82,
83 are aligned at an angle to a line radiating from the
centre of said central aperture 11 of said substrate 3.

According to a further development of this first aspect of
the invention, said substrate 3, said fixed frame 25 and
said resilient members 81, 82, 83 are formed as a single

solid.

According to a further development of this first aspect of
the invention, said annular actuator 4 is a piezoelectric

device.

According to a further development of this first aspect of
the invention, at least one of said resilient members 81,
82, 83 is disposed so as to carry an electronic signal to

said annular actuator 4.

The present invention will now be described in more detail

by reference to the following figures.

Figure 1A shows a plan view of a nebulising device as

known in the prior art.
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1B shows a cross-section of the nebulising device
as known in the prior art secured in a first manner
and how a standing wave exists in the nebulising

device in operation.

1C shows a cross-section of the nebulising device
as known in the prior art secured in a second

manner.

27 shows a plan view of a nebuliser according to a

first embodiment of the present invention.

2B shows a cross—section of the nebuliser of Figure
2A.

3A shows a plan view of a nebuliser according to a
second embodiment of the present invention.

3B shows a cross-section of the nebuliser of Figure
3A.

47 shows a plan view of a nebuliser according to a

third embodiment of the present invention.

4B shows a cross-section of the nebuliser of Figure
4A.

5 shows an example of a meandering / serpentine

resilient member according to the invention.

6 shows another example of a meandering /
serpentine resilient member according to the

invention.

7 shows another example of the fluid dispersion
device according to the invention having a non-

meandering resilient member.
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Figure 8 shows another embodiment of the fluid dispersion
device according to the invention having

attachment sections.

Figure 9 shows another embodiment of the fluid dispersion
device according to the invention having outer
partial section supported in a supporting

structure.

In the following, a fluid dispersion device according to
the invention will be described in detail with reference
to Figures 2 to 8, said device comprising a substrate 3
having an outer section 25 and an inner section 26, said
inner section 26 of the substrate 3 having an aperture 11,
a dispersion element 10 positioned at said aperture 11 of
said substrate 3 to cover the aperture, and an actuator 4
arranged to surround said aperture 11 of said substrate 3,
wherein the outer edge of said inner section 26 of said
substrate 3 is coupled to said outer section 25 of said
substrate 3 by a plurality of resilient members 81, 82,
83.

According to a first embodiment of the present invention,
as shown in Figures 2A and 2B, there 1is provided a
nebulising arrangement comprising a substrate 3, a
piezoelectric element 4, and a nebulising element 1. The
piezoelectric element 4 is annular in shape, while the
substrate 3 comprises openings so as to form an inner
annular section 26 and an outer annular section 25, these
two annular sections being connected, preferably in the
same plane, by a plurality of connecting spoke elements
81, 82 and 83. The piezoelectric element 4 is attached to
one side of the inner annular section 26 of the substrate
3, and i1s arranged coaxially therewith. Similarly, the
nebulising element 1 is disposed on the opposite side of
inner annular section 26 of the substrate 3, and coaxially

with said substrate 3 and piezoelectric element 4, so as
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to cover the opening in the center of the inner annular
section 26 of the substrate 3. The nebulising element 1
may also be provided on the same side of the substrate 3
as the piezoelectric element 4 or may be formed as one
piece with said substrate 3 by thinning the substrate 3 at
the area defined by said aperture and by providing fluid
passage ways through the thinned portion of the substrate.

The dispersion element 1 1is preferably dome shaped, as
shown in Figure 2B, or may be substantially flat. Further,
if the liquid is provided on one side of the dispersion
element and the fine droplet spray 1s to be generated on
the other side, the dispersion element 1 is provided with

fine holes or openings 10 to allow the liquid to pass.

The outer annular section 25 of the nebulising device
according to the invention may be fixed or clamped to a
housing (not shown) as known in the prior art, so as to be
held substantially immobile with respect to the housing.
By means of the connecting spoke elements 81, 82, 83 the
inner annular section 26 is supported and thereby securely
attached to the outer annular section 25.

In operation, an electrical signal is applied to the
piezoelectric element 4 in an appropriate manner, for
example through the inner section 26 of the substrate 3
and a further electrode disposed on the opposite side of
the piezoelectric element 4. The electrical signal may be
carried by at least one of the resilient members 81, 82,
83 to the inner section 26 and by the outer section 25 to
the at least one resilient spoke element 81, 82, 83,
respectively. By applying an appropriate electrical signal
to the piezoelectric element 4, contractions and
expansions of the piezoelectric element 4 are induced in a
direction parallel to the plane of the substrate 3 causing
an oscillation of the structure comprising the nebulising
element 1, the inner annular section 26, and the

piezoelectric element 4 as whole in a direction
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substantially perpendicular to said plane. By controlling
the signal, not only the behavior of the piezoelectric
element 4 but also the oscillation of the overall device
is controlled, and thereby the generation of the fine
droplet spray as well.

Since the inner annular section 26 is supported only via
the connecting spoke elements 81, 82, 83, the
deterioration in the performance of the nebulising device
caused by its mounting structure, is substantially less
than that experienced in the prior art, due to the
resilience of the connecting spoke elements 81, 82, 83.
The resilience characteristics of the connecting spoke
elements 81, 82, 83 can easily be adapted by defining the
shape, i.e. in the first embodiment the length, width and
thickness of each resilient member 81, 82, 83. The
resilience can further be influenced according to design
requirements by selecting an appropriate material, for

example, stainless steel etc.

The connecting spoke elements 81, 82, 83 according to the
invention reduce the deteriorating influence of the support
structure on the nebulising device due to the adaption of the
resilience characteristics whereby the forces applied to
those ends of the connecting spoke element which are attached
to the inner annular section 26 are reflected from the other
ends of the connecting spoke elements, i.e. which are
attached to the outer annular section 26. The forces applied
to the connecting spoke elements 81, 82, 83 due to the
oscillation of the inner annular section 26 causes the
adapted connecting spoke elements to oscillate in or near
resonance such that a wave induced by the forces applied
exhibits an oscillation node at the other end, i.e. the end

attached to the outer annular section 25.

As mentioned above, the membrane or mesh 1, 1i.e. the
dispersion element, may be a formed with a central dome as

shown in Figures 2 to 4, or may be a flat disk, and may be
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formed of stainless steel, silver coated nickel or other
suitable material. The dome may be formed by stamping or
deep drawing a flat disk to form the desired shape.

The inner and the outer section 25, 26 of the substrate 3
and the resilient members 81, 82, 83 may be, for example,
of stainless steel and may be formed as a solid or as

individual components, also of different materials.

The membrane may, for example, be welded to the substrate,

by means of a laser.

A second embodiment of the present invention is shown in
figures 3A and 3B. The nebulising device according to this
embodiment 1is provided with all elements of the first
embodiment, which are numbered correspondingly. The second
embodiment differs from the first embodiment in that the
connecting spoke elements 81, 82, 83 are formed as
serpentine or meandering elements. By this means, the
degree of influence of the mounting on the oscillations of
the central arrangement, comprising at least the
dispersion element 1, the inner secticon 26 of the
substrate 3 and the actuator 4, is further reduced without
an increase in the distance between the outer edge of the
inner annular section of the substrate 3 and the inner
edge of the outer annular section 25. Still the inner
annular section 26 1is safely supported similar to the
first embodiment.

A third embodiment of the present invention is shown in
figures 4A and 4B. The nebulising device according to this
embodiment is provided with all elements of the second
embodiment, which are numbered correspondingly. The third
embodiment differs from the second in that the connecting
spoke elements 81, 82, 83 are formed as serpentine
elements. In general, serpentine shaped elements can be
defined with reference to a longitudinal axis LA as shown
in Figure 5. The example of Figure 5 resembles the
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waveform of a sinusoidal wave and is asymmetrical as two
maxima of the sinus wave are provided on one side of
longitudinal axis LA and only a single maximum is provided
on the other side. However, still within the scope of the
present invention, a symmetrical arrangement of maxima on
both sides of longitudinal axis LA may be provided. Also,
any other serpentiné or meandering shape may be employed
for embodying the serpentine resilient elements according
to the third embodiment of the invention.

As a further example, Figure 6 shows a serpentine
resilient element being assembled by two triangular shaped
sections of which one is provided on either side of
longitudinal axis, respectively. Obviously, more than two
triangular shaped sections may be provided. Also,
rectangular shaped sections, semi circular shaped
sections, saw-tooth shaped section, and any section of any
other shape may be used. The individual section may be of
different shape as well, so that, for example, a
triangular shaped section may be followed by a rectangular
shaped section. Again, as should be obvious, more than two

sections may be combined to form a resilient element.

In Figures 5 and 6, the longitudinal axis LA is shown as a
straight line. However, in general and also with respect
to the third embodiment above, the longitudinal axis may
be understood to be part of circle as shown as a dotted
line in Figure 4A. However, in view of the typical
relationship between the radius of said circle and the
length of the individual meandering resilient element, the
longitudinal axis LA can be considered as a straight axis.
This assumption has been used in the above description of
the general shape of the meandering serpentine resilient
elements according to the third embodiment of the
invention with respect to Figures 5 and 6.

According to the invention and as shown in Figure 4A, the
meandering resilient elements 81, 82, 83 are disposed at

an angle to a line radiating from the centre of said
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central aperture 11 of the substrate 3. If the angle is
substantially equal to 90° as shown in Figure 4A, the
ring shaped gap between the inner annular section 26 and
the outer annular section 25 of the substrate 3 1is
minimized. The longitudinal axis of each serpentine shaped
connecting spoke element 81, 82, 83 1s arranged
substantially tangential to the circle 9 shown as a dotted

line in Figure 4A.

In other words, the serpentine elements are preferably
disposed along a circular line 9 situated between the
outer edge of the central portion 26 of the substrate 3
and the inner edge of the outer ring 25 and substantially
concentric therewith. The two ends of each resilient
element deviate from this line so as to Jjoin the outer
edge of the inner portion 26 of the substrate 3 and the
inner edge of the outer portion 25, respectively. By this
means, the degree to which oscillations of the central
portion 26 of the substrate 3 to which the piezoelectric
element 4 is attached are negatively influenced by the
mounting is reduced, with a minimum increase in the
distance between the outer edge of the central portion 26
of the substrate 3, and the inner edge of the outer ring
25.

A fourth embodiment of the present invention is shown in
figure 7. The nebulising device according to this
embodiment is provided with many elements of the third
embodiment, which are numbered correspondingly. The fourth
embodiment differs from the third embodiment in that the
connecting resilient elements 81, 82, 83 are formed as
non-meandering resilient  members. According to the
invention and as shown in Figure 7, the non-meandering
resilient members 81, 82, 83 are disposed at an angle to a
line radiating from the center of said central aperture 11
of the substrate 3. If the angle is substantially equal to
90°, as shown in Figure 7, the ring shaped gap between the

inner annular section 26 and the outer annular section 25
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of the substrate 3 is minimized. It should be noted that
the gap is in general smaller when non-meandering
resilient members are used. Further, the non-meandering
resilient elements may be arc—-shaped to extend
substantially in parallel to the edges.towards the gap of
the inner and the outer annular section 26 and 25,
respectively. It is preferable to arrange the longitudinal
axis of each non-meandering connecting spoke element 81,
82, 83 substantially tangential to the circle 9 shown as a

dotted line in Figure 7.

In other words, the non-meandering elements are preferably
disposed along a circular line 9 situated Dbetween the
outer edge of the central portion 26 of the substrate 3
and the inner edge of the outer ring 25 and in a preferred
embodiment substantially concentric therewith. The two
ends of each resilient element deviate from this line so
as to join the outer edge of the inner portion 26 of the
substrate 3 and the inner edge of the outer portion 25,
respectively. Thereby, the degree to which oscillations of
the central portion 26 of the substrate 3 to which the
piezoelectric element 4 1is attached are negatively
influenced by the mounting is reduced, with a minimum
increase in the distance between the outer edge of the
central portion 26 of the substrate 3, and the inner edge
of the outer ring 25.

In order to facilitate manufacturing of the device
according to the invention and also to further reduce the
deteriorating effect caused by the mounting structure, the
outer section 25 and the inner section 26 may Dbe
manufactured separately and the connecting spoke elements
81, of which only one is shown in Figure 8 as an example,
may be attached to corresponding attachment sections 25A
provided integral with the outer section 25 of the
substrate 3, as shown in Figure 8. The connecting
resilient spoke members 81 and the inner section 26 of the

substrate 3 are advantageously manufactured as one piece.
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The attaching of the resilient elements 81 may be achieved
by welding or otherwise at point 25B any time during the
manufacturing process. Thereby, the manufacturing of the
outer section 25 and its further supporting structure may
be performed separately from the manufacturing of the
inner section 26 and the resilient spoke elements 81.

Further, the inner section 26 may be provided with
attachment sections 26A similar to the outer section 25.
The resilient spoke elements 81 may be welded at welding
point 26B or otherwise attached to the inner section 26.
Thus, the resilient elements 81 may be manufactured
separately from the inner and outer section of the
substrate 3 so that the resilient elements 81 may be of a

material different from the substrate 3.

Of course, the resilient members 81 may be formed in one
piece with the outer section 25 of the substrate 3 and may
be attached at attachment point 26B of an attachment
section 26A of the inner section 26 of the substrate 3 in
an appropriate step of the manufacturing process as
described above.

As shown in Figure 9, 1f the outer section 25 of the
substrate 3 is molded into a supporting body 30 of, for
example a plastic material, or 1if another support
structure 30 1is provided, the outer section 25 may be
provided in the form of outer partial sections 25'. In
such a configuration the outer partial sections 25’ are
preferably first molded into or otherwise fixed to a
supporting structure 30 which is, for example ring-shaped,
to safely hold the partial sections 25" similar to the
positions otherwise provided for each partial section 25'
by being an integral part the outer annular section 25. It
is preferred to manufacture the outer partial sections 25’
separately and to fix the partial sections 25’ to the
supporting structure 30 in a separate manufacturing step.

Thereafter, the inner section 26 and the resilient members
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81, 82, 83, are respectively attached to the partial outer

sections 25’ Dby, for example welding the resilient

elements 81, 82, 83 to the attachment parts 25A of the

outer partial sections 25’ protruding from said supporting

body 30.
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Claims

1. A fluid dispersion device comprising

- a substrate (3) having an outer section (25) and an
inner section (26), said inner section (26) of the
substrate (3) having an aperture (11),

- a dispersion element (10) positioned at said
aperture (11) of said substrate (3), and

- an actuator (4) arranged to coaxially surround said
aperture (11) of said substrate (3),

wherein the outer edge of said inner section (26) of

said substrate (3) 1is coupled to said outer section (25)

of said substrate by a plurality of resilient members

(81, 82, 83).

2. The fluid dispersion device of claim 1, wherein said
aperture is arranged centrally to said inner section (26)
and is circularly shaped and wherein said actuator (4) is

annularly shaped.

3. The fluid dispersion device of claim 1 or 2, wherein
said plurality of resilient members (81, 82, 83) are

serpentine / meandering in form.

4. The fluid dispersion device of claim 2 or 3, wherein
said plurality of resilient members (81, 82, 83) are
aligned radially about the axis of said central aperture
(11) of said substrate (3).

5. The fluid dispersion device of claim 2 or 3, wherein
said plurality of resilient members (81, 82, 83) are
aligned at an angle to a line radiating from the centre of
said central aperture (11) of said substrate (3).

6. The fluid dispersion device of any preceding claim
wherein said inner section (26), said outer section (25)
and said resilient members (81, 82, 83) are formed as a

single solid.
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7. The fluid dispersion device of any one of claims 1 to
4, wherein said inner section (26) and said resilient
members (81, 82, 83) are formed as a single solid, wherein
said outer section (25) is provided with attachment
sections (25A) and wherein said resilient members (81, 82,
83) are attached to said attachment sections (25A).

8. The fluid dispersion device of any one of claims 1 to
4, wherein said outer section (25) and salid resilient
members (81, 82, 83) are formed as a single solid, wherein
salid inner secticon (26) is provided with attachment
sections (26A) and wherein said resilient members (81, 82,

83) are attached to said attachment sections (25A).

9. The fluid dispersion device of any one of claims 1 to
4, wherein said outer section (25) is provided with
attachment sections (25A) and said inner section (26) is
provided with attachment sections (26A) and wherein said
resilient members (81, 82, 83) are attached to said
attachment sections (25A, 26A).

10. The fluid dispersion device of any one of the
preceding claims, wherein the outer section (25) is
provided by a plurality of outer partial sections (25")
which are positioned by means of a supporting structure
(30) which is preferably ring-shaped.

11. The fluid dispersion device of any preceding claim,
wherein said annular actuator (4) 1is a pilezoelectric

device.

12. The fluid dispersion device of any preceding claim,
wherein at least one of said resilient members (81, 82,
83) is adapted to carry an electrical signal provided for

said actuator (4).

13. The fluid dispersion device of claim 11, wherein the
inner section (26) of the substrate (3) 1is adapted to
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carry an electrical signal provided for said actuator (4)
via the at least one resilient member (81, 82, 83).

14. The fluid dispersion device of claim 11 or 12, wherein
the outer section (26) of the substrate (3) is adapted to
carry an electrical signal provided for said actuator (4)
to the at least one resilient member (81, 82, 83).

15. The fluid dispersion device of any one of the
preceding claims, wherein the dispersion element (10) is

provided as an integral part of said substrate (3).
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