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Description
FIELD

[0001] The presentdisclosure relates to a piezoelectric
pump and a pump unit.

BACKGROUND

[0002] In a known structure such as a piezoelectric
micro blower described in Patent Literature 1, a piezo-
electric device attached to a diaphragm is driven to
vibrate the diaphragm.

[0003] The piezoelectric device vibrates the dia-
phragm with a known technique. This pump thus has
the same characteristics as a diaphragm pump. Further,
the pump may operate unstably when a piezoelectric
vibrating plate including the piezoelectric device and
the diaphragm vibrates out of synchronization with the
entire pump chamber. Piezoelectric pumps are to have
improved pump characteristics such as operational sta-
bility.

CITATION LIST
PATENT LITERATURE

[0004] Patent Literature 1: WO 2008/069266

Further, CN 105 508 207 B discloses a piezoelectric
pump, EP 3 147 504 A1 discloses a piezoelectric blower,
and CN 108 344 198 A discloses a mini throttling refrig-
eration system.

BRIEF SUMMARY

[0005] The present invention provides a piezoelectric
pump as defined in claim 1 and a piezoelectric pump as
defined in claim 2.

[0006] Further, the present invention provides a pump
unit as defined in claim 3.

BRIEF DESCRIPTION OF DRAWINGS

[0007] The objects, features, and advantages of the
present invention will become more apparent from the
following detailed description and the drawings.

FIG. 1 is a schematic perspective view of a pump
unit.

FIG. 2 is a cross-sectional view taken along line A-A
in FIG. 1.

FIG. 3 is a schematic perspective view of a piezo-
electric pump.

FIG. 4A is a schematic cross-sectional view of a
piezoelectric pump according to a first embodiment
in an operating state.

FIG. 4B is a schematic cross-sectional view of the
piezoelectric pump according to the first embodi-
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ment in an operating state.

FIG. 5A is a schematic cross-sectional view of a
piezoelectric pump according to a second embodi-
ment in an operating state.

FIG. 5B is a schematic cross-sectional view of the
piezoelectric pump according to the second embodi-
ment in an operating state.

FIG. 6A is a schematic cross-sectional view of a
piezoelectric pump according to a third embodiment
in an operating state.

FIG. 6B is a schematic cross-sectional view of the
piezoelectric pump according to the third embodi-
ment in an operating state.

FIG. 6C is a schematic cross-sectional view of the
piezoelectric pump according to the third embodi-
ment in an operating state.

FIG. 7A is a schematic cross-sectional view of a
piezoelectric pump according to a fourth embodi-
ment in an operating state.

FIG. 7B is a schematic cross-sectional view of the
piezoelectric pump according to the fourth embodi-
ment in an operating state.

FIG. 8A is a schematic cross-sectional view of a
piezoelectric pump according to a fifth embodiment
in an operating state.

FIG. 8B is a schematic cross-sectional view of the
piezoelectric pump according to the fifth embodi-
ment in an operating state.

FIG. 8C is a schematic cross-sectional view of the
piezoelectric pump according to the fifth embodi-
ment in an operating state.

FIG. 9A is a schematic cross-sectional view of a
piezoelectric pump according to a sixth embodiment
in an operating state.

FIG. 9B is a schematic cross-sectional view of the
piezoelectric pump according to the sixth embodi-
ment in an operating state.

FIG. 10A is a schematic cross-sectional view of a
piezoelectric pump according to a seventh embodi-
ment in an operating state.

FIG. 10B is a schematic cross-sectional view of the
piezoelectric pump according to the seventh embo-
diment in an operating state.

DETAILED DESCRIPTION

[0008] Example piezoelectric pumps will now be de-
scribed in detail with reference to the accompanying
drawings. The embodiments described below do not limit
the present invention. FIG. 1 is a schematic perspective
view of a pump unit, and FIG. 2 is a cross-sectional view
taken along line A-A in FIG. 1. FIG. 3 is a schematic
perspective view of a piezoelectric pump. FIGs. 4A and
4B each are a schematic cross-sectional view of a piezo-
electric pump according to a first embodiment in an
operating state.

[0009] Apumpunit100includes a piezoelectric pump 1
and a housing 2 accommodating the piezoelectric pump
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1. The piezoelectric pump 1 includes a piezoelectric
device 10 having a through-hole 103, a first elastic plate
11 covering one end of the through-hole 10a, and a
second elastic plate 12 covering the other end of the
through-hole 10a. The first elastic plate 11 includes a
communication hole 11a communicating with the
through-hole 10a of the piezoelectric device 10.

[0010] The piezoelectric device 10 includes, for exam-
ple, a piezoelectric member having the through-hole 10a
and surface electrodes mounted on a pair of main sur-
faces of the piezoelectric member opposite to each other.
The piezoelectric member included in the piezoelectric
device 10 may be formed from piezoelectric ceramics
based on lead zirconate titanate, barium titanate, or
potassium sodium niobate or a piezoelectric single crys-
tal such as quartz or lithium tantalate. The surface elec-
trodes included in the piezoelectric device 10 may be
formed from, for example, silver, nickel, copper, or a
silver-palladium alloy.

[0011] The piezoelectric device 10 may have any
shape that has the through-hole 10a. The piezoelectric
device 10 may be a plate or a column. The piezoelectric
device 10 being a plate may be circular or polygonal. The
piezoelectric device 10 being columnar may be circular or
polygonal. The through-hole 10a may be at any position.
For the plate-like or columnar piezoelectric device 10, the
through-hole 10a is coaxial with the piezoelectric mem-
ber. In the present embodiment, the piezoelectric device
10 is a circular plate and the through-hole 10a is coaxial
with the piezoelectric member.

[0012] Asshownin FIG. 1, the piezoelectric device 10
is connected with an external circuit with, for example, a
wiring member 5. The piezoelectric pump 1 can be driven
by controlling an applied voltage and vibrating the piezo-
electric device 10. The piezoelectric device 10 may have
the surface electrodes on the pair of surfaces of the
piezoelectric member opposite to each other mounted
in the manner described below.

[0013] The piezoelectric device 10 may be separately
excited and may include surface electrodes (a pair of
surface electrodes) that are separately mounted on the
respective two surfaces to spread in the planar direction
on the surfaces.

[0014] The piezoelectric device 10 may also be self-
excited and may include, on one surface, a surface
electrode including a main surface electrode and a
sub-surface electrode separated from the main surface
electrode. This structure can drive, for example, multiple
piezoelectric pumps 1 with optimum frequencies and
thus can reduce differences in the fluid flow rate between
the individual piezoelectric pumps 1. This structure also
reduces changes in the fluid flow rate resulting from
varying environmental temperatures of, for example,
-20 to +80 °C.

[0015] The first elastic plate 11 is formed from an
elastically deformable material and may have any shape
that covers one end of the through-hole 10a. In the same
manner, the second elastic plate 12 is formed from an
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elastically deformable material and may have any shape
that covers the other end of the through-hole 10a. The
first elastic plate 11 includes the communication hole 11a
communicating with the through-hole 10a of the piezo-
electric device 10.

[0016] The first elastic plate 11 and the second elastic
plate 12 elastically deform to follow deformation (vibra-
tion) of the piezoelectric device 10. For example, when
the piezoelectric device 10 deforms and extends in the
radial direction as shown schematically in FIGs. 4A and
4B, the first elastic plate 11 and the second elastic plate
12 may also deform elastically to extend in the radial
direction. When the piezoelectric device 10 deforms and
shrinks in the radial direction, the first elastic plate 11 and
the second elastic plate 12 may also deform elastically to
shrink in the radial direction. More specifically, when the
piezoelectric device 10 deforms and shrinks in the radial
direction, the piezoelectric device 10 may deform and
extend in the thickness direction. When the piezoelectric
device 10 deforms and extends in the radial direction, the
piezoelectric device 10 may deform and shrink in the
thickness direction.

[0017] Upon receiving an applied voltage, the piezo-
electric device 10 deforms and repeatedly changes be-
tween the states shown in FIGs. 4A and 4B. As the
volume of an internal space defined by the piezoelectric
device 10, the first elastic plate 11, and the second elastic
plate 12 changes, the fluid in the internal space is re-
peatedly drawn in and out through the communication
hole 11a to function as pump.

[0018] In the example shown in FIGs. 4A and 4B, the
piezoelectric device 10 in the state shown in FIG. 4B
(second state) deforms more outward in the radial direc-
tion to have a larger volume in the internal space than in
the state shown in FIG. 4A (first state). The deformation
from the first state to the second state causes external
fluid to be drawn in. The deformation from the second
state to the first state reduces the volume of the internal
space and causes the fluid inside to be out.

[0019] The first elastic plate 11 and the second elastic
plate 12 may be formed from a metal material such as
stainless steel (SUS), brass, oralloy 42 or aresin material
such as polybutylene terephthalate (PBT) or a liquid
crystal polymer. The use of alloy 42 reduces the differ-
ence in thermal expansion from the piezoelectric device
10, effectively reducing changes in the fluid flow rate
resulting from changes in environmental temperature.
[0020] The first elastic plate 11 and the second elastic
plate 12 may have any thickness that allows the plates to
deform to follow the deformation of the piezoelectric
device 10. The first elastic plate 11 and the second elastic
plate may have a thickness of 50 to 500 wm. The first
elastic plate 11 may have one communication hole 11aas
in the present embodiment or multiple communication
holes 11a.

[0021] The piezoelectric pump 1 in one or more embo-
diments of the present disclosure repeatedly draws fluid
in and out in accordance with changes in the volume of
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the through-hole 10a as the piezoelectric device 10 de-
forms. The characteristics of the piezoelectric device 10
directly affect the operation of the piezoelectric pump 1,
allowing the piezoelectric pump 1 to operate stably.
Further, controlling the changes in the volume allows
precise control of the flow rate. In this manner, the char-
acteristics of the piezoelectric pump 1 can be improved.
[0022] The housing 2 accommodates the piezoelectric
pump 1 described above and has an outlet 2a facing the
communication hole 11a in the first elastic plate 11. The
housing 2 in the present embodiment includes a top plate
21 facing the first elastic plate 11 and a cylindrical frame
22 supporting the top plate 21 and surrounding the piezo-
electric pump 1. The housing 2 in the present embodi-
ment covers and accommodates the piezoelectric pump
1 placed on, for example, a platform. The housing 2 may
additionally include a bottom plate to entirely cover and
accommodate the piezoelectric pump 1.

[0023] The gap between the accommodated piezo-
electric pump 1 and the housing 2 in the internal space
of the housing 2 serves as a fluid channel 4, through
which fluid flows in and out of the housing 2 with the
piezoelectric pump 1. When the piezoelectric pump 1 is
driven and deforms from the first state to the second state
as described above, the fluid in the fluid channel 4 is
drawn in through the communication hole 11a. When the
piezoelectric pump 1 deforms from the second state to
the first state, the fluid drawn in is discharged through the
communication hole 11a. At the same time, the fluid is
discharged out of the housing 2 through the outlet 2a
facing the communication hole 11a.

[0024] The pump unit 100 may discharge any fluid.
Fluid to be discharged may be, for example, air or a
functional fluid containing an aromatic agent, a disinfec-
tant agent, or an antibacterial agent. The pump unit 100
is, for example, installed inside an electronic device to
cool electronic components, or may be installed in a
vehicle such as an automobile, in a house, or in a living
space such asin atheater or other entertainmentfacilities
to discharge a functional fluid.

[0025] The housing 2 may be formed from a metal
material such as stainless steel (SUS), brass, or alloy
42 or a resin material such as PBT or a liquid crystal
polymer. The frame 22 is bonded to the outer periphery of
the top plate 21 and supports the top plate 21. The frame
22 has a step on the inner surface in the example shown
in FIG. 2. In some embodiments, the frame 22 may have
an axially constant thickness and support the top plate 21
on its end face, or may have, on the inner surface, a
grooved portion engaged with the periphery of the top
plate 21 to support the top plate 21. Although the wiring
member 5 extends outside through insertion ports in the
frame 22 in the example shown in FIG. 1, the wiring
member 5 may extend outside in any other manner.
[0026] FIGs. 5A and 5B each are a schematic cross-
sectional view of a piezoelectric pump according to a
second embodiment in an operating state. A piezoelec-
tric pump 1A in the present embodiment includes the

10

15

20

25

30

35

40

45

50

55

same components as the piezoelectric pump 1 in the first
embodiment except a first elastic plate 11A and a second
elastic plate 12A. The components that are the same as
those of the piezoelectric pump 1 in the first embodiment
are given the same reference numerals and will not be
described in detail. In the present embodiment, the first
elastic plate 11Aincludes a protrusion 13, and the second
elastic plate 12A includes a protrusion 14. The protru-
sions 13 and 14 protrude outward in the axial direction of
the through-hole 10a of the piezoelectric device 10. Each
of the protrusions 13 and 14 in the present embodiment
has a shape with a peak (highest point) at the center of the
first elastic plate 11A or the second elastic plate 12A,
which may be, forexample, a cone, atruncated cone, ora
hemisphere.

[0027] The piezoelectric pump 1A in the second em-
bodiment operates in the same manner as the piezo-
electric pump 1 in the first embodiment. Upon receiving
an applied voltage, the piezoelectric device 10 deforms
and repeatedly changes between a first state shown in
FIG. 5A and a second state shown in FIG. 5B. In the first
state, the internal space defined by the piezoelectric
device 10, the first elastic plate 11A, and the second
elastic plate 12A has a larger volume due to the protru-
sions 13 and 14 than in the first embodiment. In the
second embodiment, the volume of the internal space
changes between the first state and the second state
more largely than in the first embodiment. This structure
can increase the fluid flow rate while precisely controlling
the flow rate.

[0028] The first elastic plate 11A including the protru-
sion 13 and the second elastic plate 12A including the
protrusion 14 with the shape as described in the present
embodiment may be formed from a metal material with,
for example, a known processing method such as press-
ing. For a resin material, a known processing method
such as molding may be used.

[0029] FIGs. 6A to 6C each are a schematic cross-
sectional view of a piezoelectric pump according to a third
embodiment in an operating state. A piezoelectric pump
1B in the present embodiment includes the same com-
ponents as the piezoelectric pump 1A in the second
embodiment except a first elastic plate 11B and a second
elastic plate 12B. The components that are the same as
those of the piezoelectric pump 1A in the second embo-
diment are given the same reference numerals and will
notbe described in detail. In the presentembodiment, the
first elastic plate 11B includes a protrusion 13A and the
second elastic plate 12B includes a protrusion 14A. The
protrusions 13A and 14A are circular and concentric with
the first elastic plate 11B and the second elastic plate
12B.

[0030] The piezoelectric pump 1B in the third embodi-
ment operates in the same manner as the piezoelectric
pump 1A in the second embodiment. Upon receiving an
applied voltage, the piezoelectric device 10 deforms to a
first state shown in FIG. 6A, a second state shown in FIG.
6B, or a third state shown in FIG. 6C. In the second state,
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the piezoelectric device 10 deforms and extends more
outward in the radial direction than in the first state. In the
third state, the piezoelectric device 10 deforms and
shrinks more inward in the radial direction than in the
first state. The state of the piezoelectric device 10
changes to change the volume of the internal space in
response to a change in the voltage applied to the piezo-
electric device 10. The piezoelectric pump 1B repeatedly
draws fluid in and out of the internal space through the
communication hole 11a to function as a pump. Although
the piezoelectric device 10 can change between the
three states in the present embodiment, the piezoelectric
device 10 in operation may switch between two of the
states repeatedly, or may switch between the three states
repeatedly. The volume of the internal space differs de-
pending on the state of the piezoelectric device 10. The
state is thus selected from the three states to control the
fluid flow rate.

[0031] The first elastic plate 11B including the protru-
sion 13A and the second elastic plate 12B including the
protrusion 14A with the shape as described in the present
embodiment may be formed from a metal material with,
for example, a known processing method such as press-
ing. For a resin material, a known processing method
such as molding may be used.

[0032] FIGs. 7A and 7B each are a schematic cross-
sectional view of a piezoelectric pump according to a
fourth embodiment in an operating state. A piezoelectric
pump 1C in the present embodiment includes the same
components as the piezoelectric pump 1 in the first
embodiment except a first elastic plate 11C and a second
elastic plate 12C. The components that are the same as
those of the piezoelectric pump 1 in the first embodiment
are given the same reference numerals and will not be
described in detail. In the present embodiment, the first
elastic plate 11C includes a recess 15, and the second
elastic plate 12C includes a recess 16. The recesses 15
and 16 are inward in the axial direction of the through-
hole 10a of the piezoelectric device 10. Each of the
recesses 15 and 16 in the presentembodiment may have
a shape with a peak (lowest point) at the center of the first
elastic plate 11C or the second elastic plate 12C, which
may be, for example, a cone, a truncated cone, or a
hemisphere.

[0033] The piezoelectric pump 1C in the fourth embo-
diment operates in the same manner as the piezoelectric
pump 1 in the first embodiment. Upon receiving an ap-
plied voltage, the piezoelectric device 10 repeatedly de-
forms between a first state shown in FIG. 7A and a
second state shown in FIG. 7B. In the first state, the
volume of the internal space defined by the piezoelectric
device 10, the first elastic plate 11C, and the second
elastic plate 12C is smaller than in the first embodiment
due to the recesses 15 and 16 inward in the through-hole
10a. In the fourth embodiment, the volume of the internal
space changes between the first state and the second
state more largely than in the first embodiment. This
structure can increase the fluid flow rate while precisely

10

15

20

25

30

35

40

45

50

55

controlling the flow rate.

[0034] The first elastic plate 11C including the recess
15 and the second elastic plate 12C including the recess
16 may be formed from a metal material with, for exam-
ple, a known processing method such as pressing. For a
resin material, a known processing method such as
molding may be used.

[0035] FIGs. 8A to 8C each are a schematic cross-
sectional view of a piezoelectric pump according to a fifth
embodiment in an operating state. A piezoelectric pump
1D in the present embodiment includes the same com-
ponents as the piezoelectric pump 1C in the fourth em-
bodiment except a first elastic plate 11D and a second
elastic plate 12D. The components that are the same as
those of the piezoelectric pump 1C in the fourth embodi-
ment are given the same reference numerals and will not
be described in detail. In the present embodiment, the
first elastic plate 11D includes a recess 15A, and the
second elastic plate 12D includes a recess 16A. The
recesses 15A and 16A are cylindrical and coaxial with
the first elastic plate 11D and the second elastic plate
12D.

[0036] The piezoelectric pump 1D in the fifth embodi-
ment operates in the same manner as the piezoelectric
pump 1C in the fourth embodiment. Upon receiving an
applied voltage, the piezoelectric device 10 deforms to a
first state shown in FIG. 8A, a second state shown in FIG.
8B, or a third state shown in FIG. 8C. In the second state,
the piezoelectric device 10 deforms and extends more
outward in the radial direction than in the first state. In the
third state, the piezoelectric device 10 deforms and
shrinks more inward in the radial direction than in the
first state. The state of the piezoelectric device 10
changes to change the volume of the internal space in
response to a change in the voltage applied to the piezo-
electric device 10. The piezoelectric pump 1D repeatedly
draws the fluid in and out of the internal space through the
communication hole 11a to function as a pump. Although
the piezoelectric device 10 can change between the
three states as the piezoelectric pump 1B in the third
embodiment, the piezoelectric device 10 in operation
may switch between two of the states repeatedly, or
may switch between the three states repeatedly. The
volume of the internal space differs depending on the
state of the piezoelectric device 10. The state is thus
selected from the three states to control the fluid flow rate.
[0037] The first elastic plate 11D including the recess
15A and the second elastic plate 12D including the
recess 16A with the shape as described in the present
embodiment may be formed from a metal material with,
for example, a known processing method such as press-
ing. For a resin material, a known processing method
such as molding may be used.

[0038] FIGs. 9A and 9B each are a schematic cross-
sectional view of a piezoelectric pump according to a
sixth embodiment in an operating state. A piezoelectric
pump 1E in the present embodiment includes the same
components as the piezoelectric pump 1A in the second



9 EP 4 030 055 B1 10

embodiment except a first elastic plate 11E and a second
elastic plate 12E. The components that are the same as
those of the piezoelectric pump 1A in the second embo-
diment are given the same reference numerals and will
not be described in detail. In the presentembodiment, the
first elastic plate 11E includes the protrusion 13, a flat
portion 17, and a groove G. The second elastic plate 12E
includes the protrusion 14, a flat portion 18, and a groove
G. The protrusions 13 and 14 protrude outward in the
axial direction of the through-hole 10a of the piezoelectric
device 10. The flat portions 17 and 18 surround the
protrusions 13 and 14. The grooves G are located be-
tween the protrusion 13 and the flat portion 17 and
between the protrusion 14 and the flat portion 18.
[0039] The piezoelectric pump 1E in the sixth embodi-
ment operates in the same manner as the piezoelectric
pump 1A in the second embodiment. Upon receiving an
applied voltage, the piezoelectric device 10 repeatedly
deforms between a first state shown in FIG. 9A and a
second state shown in FIG. 9B. In the sixth embodiment,
the volume of the internal space changes between the
first state and the second state in the same manner as in
the second embodiment. The first elastic plate 11E and
the second elastic plate 12E including the grooves G may
deform with a smaller force than the structure in the
second embodiment with no grooves G. In other words,
alower voltage applied to the piezoelectric device 10 than
in the second embodiment can deform the first elastic
plate 11E and the second elastic plate 12E in the same
manner as in the second embodiment to control the fluid
flow rate in the same manner.

[0040] Thefirstelastic plate 11E and the second elastic
plate 12E including the grooves G may be formed from a
metal material with, for example, a known processing
method such as pressing. For a resin material, a known
processing method such as molding may be used.
[0041] FIGs.10A and 10B each are a schematic cross-
sectional view of a piezoelectric pump according to a
seventh embodiment in an operating state. A piezoelec-
tric pump 1F in the present embodiment includes the
same components as the piezoelectric pump 1C in the
fourth embodiment except a first elastic plate 11F and a
second elastic plate 12F. The components that are the
same as those of the piezoelectric pump 1C in the fourth
embodiment are given the same reference numerals and
will notbe described in detail. In the present embodiment,
the first elastic plate 11F includes the recess 15, a flat
portion 17, and a groove G. The second elastic plate 12F
includes the recess 16, a flat portion 18, and a groove G.
Therecesses 15and 16 are inward in the axial direction of
the through-hole 10a of the piezoelectric device 10. The
flat portions 17 and 18 surround the recesses 15 and 16.
The grooves G are located between the recess 15 and
the flat portion 17 and between the recess 16 and the flat
portion 18.

[0042] The piezoelectric pump 1F in the seventh em-
bodiment operates in the same manner as the piezo-
electric pump 1C in the fourth embodiment. Upon receiv-
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ing an applied voltage, the piezoelectric device 10 re-
peatedly deforms between a first state shown in FIG. 10A
and a second state shown in FIG. 10B. In the seventh
embodiment, the volume of the internal space changes
between the first state and the second state in the same
manner as in the fourth embodiment. The first elastic
plate 11F and the second elastic plate 12F including the
grooves G may deform with a smaller force than the
structure in the fourth embodiment with no grooves G.
In other words, a lower voltage applied to the piezo-
electric device 10 than in the fourth embodiment can
deform the first elastic plate 11F and the second elastic
plate 12F in the same manner as in the fourth embodi-
ment to control the fluid flow rate in the same manner.
[0043] Thefirstelastic plate 11F and the second elastic
plate 12F including the grooves G may be formed from a
metal material with, for example, a known processing
method such as pressing. For a resin material, a known
processing method such as molding may be used.
[0044] Anexample method for manufacturing a piezo-
electric pump will now be described.

[0045] Materials for forming the piezoelectric device
10, such as lead zirconate titanate, are mixed with, for
example, a ball mill. The resultant mixture is then calci-
nated at 700 to 1200 °C. The calcinated material is milled
with, for example, a ball mill, mixed with a forming binder,
and then granulated with a spray dryer.

[0046] The resultant granules are pressed with a mold
having an axis pin around the center to form a compact
with a through-hole. The compact is degreased and then
fired to form a piezoelectric member. The resultant piezo-
electric member is processed with, for example, lapping
toanintended shape. After a paste for surface electrodes
is printed, the piezoelectric member is baked at 500 to
800 °C to form surface electrodes. A voltage of about 3
kV/mm is then applied to form the piezoelectric device 10
with intended piezoelectric characteristics.

[0047] Subsequently, plates of alloy 42 are, for exam-
ple, pressed to an intended shape to form the first elastic
plate 11 and the second elastic plate 12. For example, a
thermosetting epoxy adhesive is then printed onto the
first elastic plate 11 and the second elastic plate 12. The
printed portion of the adhesive is then heated at 80 to 200
°C while being in contact with the piezoelectric device 10.
This bonds the first elastic plate 11 and the second elastic
plate 12 to the piezoelectric device 10.

[0048] The wiring member 5 is prepared for inputting
an external electric signal into the piezoelectric device
10, such as a lead wire with its side surface coated with
resin. The wiring member 5 is electrically and mechani-
cally bonded to the surface electrodes of the piezoelectric
device 10 with a bond material such as solder. This
completes the piezoelectric pump 1.

[0049] In another embodiment, the housing 2 formed
from alloy 42 may be prepared. The piezoelectric pump 1
may be accommodated in the housing 2. The piezoelec-
tric pump 1 and the housing 2 may then be bonded with
each other as appropriate. This completes the pump unit
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100.

[0050] The piezoelectric pump according to embodi-
ments of the present disclosure repeatedly draws fluid in
and out in accordance with changes in the volume of the
through-hole as the piezoelectric device deforms. The
characteristics of the piezoelectric device directly affect
the operation of the piezoelectric pump, allowing the
piezoelectric pump to operate stably. Further, the flow
rate can be controlled precisely by controlling the
changes in the volume. In other words, the characteris-
tics of the piezoelectric pump may be improved.

[0051] The pump unitaccording to embodiments of the
present disclosure includes any of the piezoelectric
pumps described above, and may have improved char-
acteristics.

[0052] The present invention may be embodied in
various forms. The embodiments described above are
thus merely illustrative in all respects. The scope of the
present invention is defined by the claims.

Reference Signs List
[0053]

1 piezoelectric pump

1A piezoelectric pump
1B piezoelectric pump
1C piezoelectric pump
1D piezoelectric pump
1E piezoelectric pump
1F piezoelectric pump

2 housing

2a outlet

4 fluid channel

5 wiring member

10 piezoelectric device
10a through-hole

11 first elastic plate
11Afirst elastic plate

11B first elastic plate
11C first elastic plate

11D first elastic plate

11E first elastic plate

11F first elastic plate
11a communication hole
12 second elastic plate
12Asecond elastic plate
12B second elastic plate
12C second elastic plate
12Dsecond elastic plate
12E second elastic plate
12F second elastic plate
13 protrusion
13Aprotrusion

14 protrusion
14Aprotrusion

15 recess

15Arecess

10

15

20

25

30

35

40

45

50

55

16 recess
16Arecess

17 flat portion
18 flat portion
21 top plate
22 frame

100 pump unit
G groove

Claims
1. A piezoelectric pump (1F), comprising:

a piezoelectric device (10) having a through-
hole (10a);

a first elastic plate (11F) covering an end of the
through-hole (10a) and having a communication
hole (11a) communicating with the through-hole
(10a); and

a second elastic plate (12F) covering another
end of the through-hole (10a),

characterized in that

at least one of the first elastic plate (11F) or the
second elastic plate (12F) includes arecess (15,
16) inward in an axial direction of the through-
hole (10a), wherein the at least one of the first
elastic plate (11F) or the second elastic plate
(12F)including the recess (15, 16) includes aflat
portion (17, 18) surrounding the recess (15, 16)
and a groove (G) located between the recess
(15, 16) and the flat portion (17, 18).

2. A piezoelectric pump (1E) comprising:

a piezoelectric device (10) having a through-
hole (10a);

a first elastic plate (11E) covering an end of the
through-hole (10a) and having a communication
hole (11a) communicating with the through-hole
(10a); and

a second elastic plate (12E) covering another
end of the through-hole (10a),

wherein atleast one of the first elastic plate (11E)
or the second elastic plate (12E) includes a
protrusion (13, 14) protruding outward in an axial
direction of the through-hole (10a),
characterized in that

the at least one of the first elastic plate (11E) or
the second elastic plate (12E) including the pro-
trusion (13, 14) includes a flat portion (17, 18)
surrounding the protrusion (13, 14) and agroove
(G) located between the protrusion (13, 14) and
the flat portion (17, 18).

3. A pump unit (100), comprising:

the piezoelectric pump (1F, 1E) according to
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claim 1 or 2; and
a housing (2) accommodating the piezoelectric

3. Pumpeneinheit (100), aufweisend:

pump (1F, 1E), the housing (2) including an
outlet (2a) facing the communication hole

die piezoelektrische Pumpe (1F, 1E) gemaf An-
spruch 1 oder 2 und

(11a) in the first elastic plate (11F, 11E). 5 ein Gehause (2), das die piezoelektrische Pum-
pe (1F, 1E) aufnimmt, wobei das Gehause (2)
einen Auslass (2a) aufweist, der dem Kommu-
Patentanspriiche nikationsloch (11a) in der ersten elastischen
Platte (11F, 11E) zugewandt ist.
1. Piezoelektrische Pumpe (1F), aufweisend: 10

eine piezoelektrische Vorrichtung (10), aufwei- Revendications
send ein Durchgangsloch (10a),

eine erste elastische Platte (11F), die ein Ende 1. Pompe piézoélectrique (1F), comprenant :

nen flachen Abschnitt (17, 18), der den Vor-
sprung (13, 14) umgibt, und eine Nut (G) auf-
weist, die zwischen dem Vorsprung (13, 14) und
dem flachen Abschnitt (17, 18) angeordnet ist.

des Durchgangslochs (10a) abdeckt und ein 15
Kommunikationsloch (11a) aufweist, das mit un dispositif piézoélectrique (10) comportant un
dem Durchgangsloch (10a) kommuniziert, und trou de passage (10a) ;
eine zweite elastische Platte (12F), die ein an- une premiére plaque élastique (11F) recouvrant
deres Ende des Durchgangslochs (10a) ab- une extrémité du trou de passage (10a) et
deckt, 20 comportant un trou de communication (11a)
dadurch gekennzeichnet, dass communiquant avec le trou de passage
mindestens eine von der ersten elastischen (10a) ; et
Platte (11F) oder der zweiten elastischen Platte une deuxieme plaque élastique (12F) recou-
(12F) eine Aussparung (15, 16) nach innen in vrant une autre extrémité du trou de passage
einer Axialrichtung des Durchgangslochs (10a) 25 (10a),
aufweist, wobei die mindestens eine von der caractérisée en ce que
ersten elastischen Platte (11F) oder der zweiten au moins l'une de la premiére plaque élastique
elastischen Platte (12F), die die Aussparung (11F) ou de la deuxiéme plaque élastique (12F)
(15, 16) aufweist, einen flachen Abschnitt (17, comprend un renfoncement (15, 16) vers l'inté-
18), der die Aussparung (15, 16) umgibt, und 30 rieur dans une direction axiale du trou de pas-
eine Nut (G) aufweist, die zwischen der Aus- sage (10a), ou ladite au moins une de la pre-
sparung (15, 16) und dem flachen Abschnitt (17, miére plaque élastique (11F) ou de la deuxieme
18) angeordnet ist. plaque élastique (12F) comprenant le renfonce-
ment (15, 16) comprend une partie plate (17, 18)
2. Piezoelektrische Pumpe (1E), aufweisend: 35 entourant le renfoncement (15, 16) et une rai-
nure (G) située entre le renfoncement (15, 16) et
eine piezoelektrische Vorrichtung (10), die ein la partie plate (17, 18).
Durchgangsloch (10a) aufweist,
eine erste elastische Platte (11E), die ein Ende 2. Pompe piézoélectrique (1E) comprenant :
des Durchgangslochs (10a) abdeckt und ein 40
Kommunikationsloch (11a) aufweist, das mit un dispositif pieézoélectrique (10) comportant un
dem Durchgangsloch (10a) kommuniziert, und trou de passage (10a) ;
eine zweite elastische Platte (12E), die ein an- une premiere plaque élastique (11E) recouvrant
deres Ende des Durchgangslochs (10a) ab- une extrémité du trou de passage (10a) et
deckt, 45 comportant un trou de communication (11a)
wobei mindestens eine von der ersten elasti- communiquant avec le trou de passage
schen Platte (11E) oder der zweiten elastischen (10a) ; et
Platte (12E) einen Vorsprung (13, 14) aufweist, une deuxieme plaque élastique (12E) recou-
der in einer Axialrichtung des Durchgangslochs vrant une autre extrémité du trou de passage
(10a) nach aufRen hervorsteht, 50 (10a),
dadurch gekennzeichnet, dass dans laquelle au moins l'une de la premiére
die mindestens eine von der ersten elastischen plaque élastique (11E) ou de la deuxiéeme
Platte (11E) oder der zweiten elastischen Platte plaque élastique (12E) comprend une saillie
(12E), die den Vorsprung (13, 14) aufweist, ei- (13, 14) faisant saillie vers I'extérieur dans
55

une direction axiale du trou de passage (10a),
caractérisée en ce que

ladite au moins une de la premiére plaque élas-
tique (11E) ou de la deuxiéme plaque élastique
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(12E) comprenant la saillie (13, 14) comprend
une partie plate (17, 18) entourant la saillie (13,
14) et une rainure (G) située entre la saillie (13,
14) et la partie plate (17, 18).

3. Unité de pompe (100), comprenant :

la pompe piézoélectrique (1F, 1E) selon la re-
vendication 1 ou 2 ; et

un boitier (2) logeant la pompe piézoélectrique
(1F, 1E), le boitier (2) comprenant une sortie (2a)
faisant face au trou de communication (11a)
dans la premiere plaque élastique (11F, 11E).
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