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PUMP

Technical Field

—

Preferred embodlments of the present i1nvention relate to

a pump that sucks and discharges fluid.

Background Art

pre——

Fig. 12 1s a conceptual view of a conventional pump (see

Japanese Unexamlined Patent Applilication Publication No. 2013-

Db821>5, for example).

A pump 101 shown 1n Fig. 12 1s provided with a pump

housing 102 and a vibrating portion 103. The pump housing 102

lnteriliorly has a pump chamber 106 and a flow path 107. The

vibrating portion 103 1s housed 1n the pump chamber 106, faces

a connectlion portion (opening) 108 of the flow path 107 to the
pump chamber 106 with a spacling between each other, and 1s
adjacent to the opening 108. The vibrating portion 103 1s
elastically coupled to the pump housing 102 so as to vibrate
1n a direction opposite to the opening 108. The vibrating
portion 103 1s provided with a driving portion 104, and the
driving portion 104 vibrates the vibrating portion 103 1n the

dlirection opposlite to the opening 108.

In the conventional pump 101, an 1mpact load 1s added to

the pump housing 102, so that 1nertial force works on the

vibrating portion 103 and thus excesslive displacement has
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sometimes occurred 1n the vibrating portion 103. Then, tensile
stress exceedlng a vlield point acts on the vilibrating portion

103, and the wvibrating portion 103 has sometimes Dbeen

plastically deformed. Accordingly, 1n the pump 101, when the

impact load 1s applled, a failure or characteristic degradation

might have occurred.

g

In particular, 1n a case of a bilological information

acqulsition device that 1s often carried and used, there 1s a

high possibility that the biological information acguisition

pre——

device 1s dropped out of carelessness and the 1mpact load 1s

then applied to a pump provided 1n the biological information

acqulsition device. The bilological i1nformation acgulsition

device 1s, for example, a wrist type sphygmomanometer

pre—— pre——

In view of the foregoing, preferred embodiments of the

present 1nvention are dilrected to provide a pump with 1mproved

lmpact resistance.

SUMMARY OF INVENTION

pre——

A pump according to preferred embodiments of the present

1nvention 1ncludes: a pump housing 1nternally i1ncludlng a pump
chamber; a vibratling portion belng supported against the pump

housing 1n the pump chamber, dividing the pump chamber into a

first pump chamber and a second pump chamber each i1ncluding an

inner wall, and belng driven so as to bend and vibrate 1n a

predetermined direction; and a displacement regulatling portion
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projecting from the 1nner wall of the first pump chamber and

configured by a

facing the vibrating portion. The vibrating portion 1s

pr——

driving portion and a vibrating plate, for

example. The driving portion may be a plezoelectric element,

D for example. The dlsplacement regulating portion faces an outer

pre——

peripheral portion of the vibrating portion without facing a

pre——

center portion of the vibrating portion

In thilis configuration, even when the vibrating portion

1s about to be excessively displaced by the impact load or the

—

10 1like, displacement of the vibrating portion is regulated by the

displacement regulating portion. Therefore, the vibrating

portion 1s able to be prevented from being displaced excessively,

—

and thus the failure of the pump or a large reduction 1n pump

15 portion are able to be prevented. Accordingly, the impact

pre——

pre——

efficiency due to large plastic deformation of the vibrating

resistance of the pump 1s 1mproved.

The pump O©

—

f this configuration 1s able to prevent the

pre——
—

dlisplacement regulating portion from blocking the flow of fluid

near The central

20 the pump of this

pr——

portion of the vibrating portion. Moreover,

configuration 1s able to make the supporting

portion provided wilith the displacement regulating portion

comparatively short and hard to vibrate. Therefore, the pump

pre——

of this configuration 1s able to prevent the flow of fluid

—

being blocked due to the vibration of the displacement

29 regulating portion.
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lnvention may be provided with

It 1s to be noted that the pump according to the present

a dilisplacement regulating

—

portion projecting from the 1nner wall of the second pump

5 chamber and facing the vibrating portion.

The displacement regulating portion may preferably be

poslitioned 1n a space 1n which the vibratling portion 1s able

to be positioned when the vibrating portion elastically deforms.

This elastic deformation, for example, 1s deformation also

10 1ncluding unilntended movement due to physical impact. In this

configuration, the vibrating portion 1s able to be reliably

prevented from plastically deforming. The displacement

regulating portlion may not preferably be positioned 1n a space

1n which the vibrating portion 1s able to be positioned when

15 “he vibrating portion bends and vibrates. This space is a space

1n which, when the driving portion drives and the vibrating

plate deforms by the driving portion, both the driving portion

and the vibrating plate are able to move. In this configuration,

1t 1s possible to prevent (reduce)

the dilisplacement regulating

20 portion from interfering in the vibrating portion that bends

and vibrates.

The pump may preferably 1nclude: a flat plate—-shaped

member configuring the displacement regulating portion, and the

pr——

pump 1s configured as a laminate o:

a plurality of flat plate-

25 shaped members; and the flat plate-shaped member 1ncludes: a
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pr—

supporting portion projecting from the side of the pump housing

to the pump chamber; and a projecting portion projecting from

g

the supporting portion to the side of the vibrating portion.

In thlis configuration, since the flat plate—-shaped members are

stacked to conflgure a pump, 1t 1s easy to manufacture a pump

and 1t 1s possible to make the pump thin.

The flat plate-shaped member may preferably further

include an 1nternal connection termlnal extending and

projecting from the side of the pump housing to the pump chamber

and having a tip connected to the vibrating portion. In this

configuration, the flat plate-shaped member configuring the

displacement regulating portilon serves as a member for

performing power supply to the vibrating portion, so that 1t

—

1s possilible to reduce the number of flat plate-shaped members

and further make the pump thin.

The vibrating portion may preferably bend and vibrate 1n

a high-order resonance mode. In this configuration, 1t 1s

pr—

possible to reduce the amplitude of vibration 1n the outer

pre——

peripheral portion of the wvibrating portion and to make the

vibration of the wvibrating portion hard to leak to the pump

housing.

In addition, the displacement regulating portion may

preferably face a position to be a node of the bending vibration

pre—— pr——
—

of the vibrating portion without facling the center portion of

the vibrating portion. In thils configuration, even when the
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vibrating portion bends and vibrates, a dilistance between the

displacement regulating portilion and the vibrating portion 1s

almost unchanged and 1s able to be kept constant. Therefore,

1t 1s possible to reliably prevent the flow of fluid from being
D blocked due to changes in the distance between the displacement
regulating portion and the vibrating portion.

Alternatively, the displacement regulatling portion may

pr——

preferably face a position to be an antinode of the bending

r—

vibration of the vibrating portion without facing the center

pre——

10 portion of the vibrating portion. In this configuration, even

when abnormal drive power works on the driving portion and the

vibrating portion 1s about to be excessively displaced, the

—

displacement of the vibrating portion 1s regulated by the

displacement regulating portion. Therefore, the pump of this

15 configuration is able to prevent the vibrating portion from

pr—

belng displaced excessively, and thus the fallure of the pump

or a large reduction 1n pump efficiency due to large plastic

pre——

deformation of the vibrating portion are able to be prevented.

Accordingly, the pump of this configuratilion 1s able to 1ncrease

20 a rated input.

pr—

The rated 1nput 1s the maximum value of the 1nput with

which the pump does not fail. For example, 1n a case 1n which

the pump 1s driven with a voltage, the rated 1nput 1s the

pre——

maxlmum value of the voltage with which the pump does not fail.

25 The pump, as the displacement regulating portion, may
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—

a plurality of

1nclude displacement

preferably

portions that are aligned at i1ntervals from each other.

regulating

In this

configuration, when the displacement regulatling portion and the

vibrating portion are 1n contact with each other, 1t 1s possible

—

the 1nclination of

to prevent (reduce)

In addition,
displacement regulating portion and the vibrating portion

pr——
—

flow of

cach other and to more reliably prevent the

blocked by the displacement regulating portion.

the vibrating portion.

1T 1s also possible to reduce an area 1n which the

face

fluid being

The pump may pre:

"erably be provided with three or more

dlsplacement regulating portilions as the displacement regulating

por

clon. Since the vibratling portion becomes 1n parallel with

a plane connecting the three or more displacement regulating

portions when contacting the displacement regulating portion,

pre——

che pump of thils configuration 1s able to more reliably prevent
the vibrating portion from i1nclining.

Furthermore, the center of gravity of the vibrating
portion may preferably fall 1nside the three or more

displacement regulating portions.

Since at least one or more

of the dlsplacement regulating portions regulate the
ilnclination of the vibrating portion, the pump of this
configuration 1s able to more reliably prevent the i1ncllination
of the vibrating portion.

According to wvarious preferred embodlments of the

present 1nvention, 1t 1s possilible to prevent a vibrating portion
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from being displaced excessively by a displacement regulating

portion when an i1mpact load or the 1like acts on a pump and to

pre——

1lmprove the 1mpact resistance of the pump.

DRAWINGS

L*]

D BRIEF DESCRIPTION OF TH.

pr—

Fig. 1 1s a schematilic cross-sectional view of a pump

—

1 according to a first preferred embodiment of the present

invention.

F1g. 2 1s an external perspective view of a pump 1A

pre——

10 according to a second preferred embodiment of the present

invention.

Fig. 3 1s an exploded perspective view of the pump 1A.

pr—

Fig. 4A 1s a perspective view of the top surface side

B

of a vibrating plate 15. Fig. 4B 1s a perspective view of the

pr—

15 bottom surface side of the vibrating plate 15.

pre——

Fig. b5A 1s a perspective view of the top surface side

B

of a power feedlng plate 18. Fig. 5B 1s a perspective view of

pr—

the bottom surface side of the power feedling plate 18.

Fi1g. ©A 1s a sectional side elevational view of the

20 pump 1 viewed from the power feeding plate 18 to a flow path

plate 12, and shows a cross—-section taken along a line A-A' 1n

pre——

Fig. oB. Fig. 6B 1s a plan view of a vibrating portion 24 and

the power feedling plate 18.

—

Fi1g. 7 1s a graph showing a change of pump

25 characteristics (the maxlmum pressure force) before and after
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pre——

an lmpact test 1n which samples of the pump 1A according to the

second preferred embodiment of the present invention and a pump

101 (see Fi1g. 12)

according to a conventional conflguration are

pr——

dropped from the height of 50 cm 1s performed.

—

D Fig. 8A 1s a perspective view of the top surface side

pre——

of a power feeding plate 18A with which a pump according to a

third preferred embodiment 1s provided. Fig. 8B 1s a perspective

pr——

g

view o0of the bottom surface side of the power feeding plate 18A.

pr—
-

Fig. 9 1s a plan view of the power feeding plate 18A

10 and the vibrating portion 24.

Fig. 10 1s an exploded perspective view of a pump 1B

according to a

invention.

pre——

four

h preferred embodiment of the present

Fig. 11A and Fig. 11B are schematic cross-sectional

pre——

15 views of a main

pre——

portion of the pump 1B. Fig. 11A shows a case

1n which fluid

a case 1n which

fluid

flows 1n a forward direction, and Fig. 11B shows

flows 1n a reverse dilrection.

pr—

Fig. 12 1s a conceptual view of a conventional pump

(see JP 2013-06

20

DETALL

3215,

ED DESCRIPTION OF PREFERR.

Hereinafter,

for example).

L]
_
L]

EMBODIMENTS

—

a plurality of preferred embodiments of

B

a pump accordiling to the present i1nvention will be described by

taklng a case 1n which an air pump that sucks and discharges

20 gas 1is configured as an example. It is to be noted that the
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not only an alr pump but also a pump that generates a flow of

10

pump according to the present 1nvention 1s able to configure

pr——
—

proper fluld such as ligquid, wvapor-liguid mixed fluid, Jgas-

solid mixed fluid, solid-ligquid mixed fluid, gel, or gel mixing

fluid.

First Preferred Embodiment

—

First, a description will be made of the schematic

—

configuration of a pump according to the present 1nvention.

pre——

Fig. 1 1s a schematic cross—-sectional view of a pump 1

pre——

according to a first preferred embodiment of the present

lnvention.
The pump 1 1s provided with a pump housing 2, a vibrating

plate 3, a driving portion 4, and a displacement regulating

portion 5. The pump housing 2 1nternally has a pump chamber 6

and a flow path 7. The flow path 7 has an opening 8 connected

to the pump chamber 6. The vibrating plate 3 and the driving

portion 4 are 1ntegrally stacked and configure a vibratiling

portion 9. The vibrating portion 9 1s housed 1n the pump chamber

6, and 1s adjacent to and faces the opening 8 wilth a spacing
between the vibrating portion 9 and the opening 8. The vibrating

portion 9 1s elastically linked to the pump housing 2 so as to

be displaceable 1n a direction facing the opening 8, and

generates vibration 1n the direction facing the openling 8 when

a drive voltage 1s appllied to the driving portion 4. The
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vibrating portion 9 divides the pump chamber 6 1nto a first

pump chamber and a second pump chamber. The displacement

—

regulating portion 5 projects from the 1nner wall of the pump

chamber © and faces the vibrating portion 9 with a spacing

between the dilisplacement regulatlng portion 5 and the vibrating

portion 9, on a side opposite to the opening 8.

Therefore, 1nertlal force works on the vibrating portion

pre——

9 by the action of an i1mpact load or the 1like, and, even when

the vibrating portion 9 1s about to be excessively displaced

to the side opposilite to the opening 8, excesslve dilisplacement

pre——

of the vibrating portion 9 1s regulated by the displacement

regulating portion b. Accordingly, 1t 1s possible to reduce

large plastic deformation of the vibrating portion 9 and achieve

pr—

the high 1mpact resistance of the pump 1.

It 1s to be noted that the displacement regulating portion

pre——

5 1s posiltioned 1n a space of the pump chamber © 1n which the

vibratling portion 9 1s able to be positioned when the vibrating

pr—

portion 9 elastically deforms. Thils elastic deformation, for

example, 1s deformation also 1ncluding unintended movement due

to physical 1mpact. Accordingly, tensile stress exceediling a

vield poilnt does not act on the vibrating plate 3, so that the

—

plastic deformation of the vibrating plate 3 1s able to be

reliably prevented.

The displacement regulating portion 5 1s not positioned

pr—

1n the space of the pump chamber © 1n whilich the vibrating
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portion 9 1s able to be positioned when the vibrating portion

9 bends and vilibrates. This space 1s a space 1n which, when the

driving portion 4 drives and the vibrating plate 3 deforms by

the driving portion 4, both the driving portion 4 and the

vibratling plate 3 are able to move. Accordlngly, the

dlsplacement regulating portion o5 does not 1interfere 1n

(contact) the vibrating portion 9 that vibrates by the normal

pr——

drive of the driving portion 4, which can prevent (reduce) the

—

vibration of the vibrating portion 9 from being blocked.

Therefore, this pump 1 has a high i1mpact resistance,

and, even when an 1mpact load or the like acts on the pump 1,

a faillure or characteristic degradation 1s unlikely to occur.

As shown 1n Fig. 1, the displacement regulating

portion 5 may preferably be closer to the vibrating plate 3

"han to the driving portion 4. This 1s because, while the

pr—

driving portion 4 1s generally made of an 1mpact-sensitive

material such as a plezoelectric body, the vibrating plate 3

—

has a spring property and 1s often made of an i1mpact-resistant

metal material. Thus, the pump 1 1s able to more reliably

—

prevent the breakage of the vibrating portion 9.

Tt 1s to be noted that, 1n a case 1n which the
displacement regulating portion 5 1s adjacent to the driving

portion 4, as shown 1n Fig. 1, the vibrating plate 3 may

preferably be attached to the entilire lower principal surface

—

of the driving portion 4. Accordilingly, the pump 1 1s able to
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pre——

more reliably prevent the breakage of the vibrating portion 9.

pre——
p—

Hereinafter, a description 1s made of a more detailed

—

confliguration example of the pump according to the second

—

preferred embodiment of the present 1nvention.

Second Preferred Embodiment

g

Fig. 2 1s an external perspective view of a pump 1A

pr——

according to a second preferred embodiment of the present

lnvention.
The pump 1A 1s provided with a pump housing 2Z2A and

external connection terminals 3A and 4A. The external

connection terminals 3A and 4A are connhected to an external

power source, and an alternating current drive signal 1s applied

to the external connection terminals 3A and 4A. The pump housing

2A has a principal surface (upper principal surface) 5A and a

princilipal surface (lower princilpal surface) ©6A, and 1s a

hexahedron having a thin body between the upper principal

surface 5A and the lower principal surface 6A. In addition, the

pump housing Z2A 1nternally has a pump chamber 7A, has a flow

path hole 41 leading to the pump chamber 7TA on the upper

principal surface 5A, and has a flow path hole 31 (see Fig. 3)

leading to the pump chamber 7A on the lower principal surface

oA .

pr——
—

Fi1g. 3 1s an exploded perspective view of the pump 1A.

The pump 1A 1s provided with components i1ncluding a cover plate
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11, a flow path plate

12,

14

a facing plate 13, an adhesive laver

14 (not shown), a vibrating plate 15, a plezoelectric element

16, an 1nsulating plate 17, a power feeding plate 18, a spacer

plate 19, and a 1lid plate 20, and has a structure 1n which the

above components are stacked from the lower princilpal surface

oA to the upper principal surface 5A 1n order.

The cover plate 11, the flow path plate 12, and the facing

plate 13 1nclude a flow path leading to the flow path hole 31

of the lower principal

surface 6A (see Fig. 2). The pump chamber

/A (Fig. 2) 1s formed 1n contact with the adhesive layer 14

(not shown), the vibrating plate 15, the 1nsulating plate 17,

che power feeding pla

ce 18, and the spacer plate 19. The 1lid

plate 20 i1ncludes a flow path leading to the flow path hole 41

pre——

The cover plate 11 has three flow path holes 31. Each of

of the upper principal surface 5A (Fig. 2).

the flow path holes 31 1s circle-shaped, and functions as an

alr 1ntake hole that opens to the lower principal surface oA

pre——

of the pump housing 2 and sucks gas from an external space, 1n

pr——

the second preferred embodiment of the present 1nvention. In

addition, the three flow path holes 31 are positioned away from

—

specifically, each of

that the angles formed by a line segment, connecting each of

p—

the center position of

the cover plate 11 1n a plan view. More

the

flow path holes 31 1s arranged so

pr——

the flow path holes 31 and the center position may be equal

angles.
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The flow path plate 12 has one opening 32, three

paths 33, and six adhesive sealing holes 34.

T low

The openlng 32 1S

provided 1n a circular shape wilith a comparatively large area

around the center posilition of

9 opening 32 1is covered with the cover plate 11

g

the

surface side and 1n communication wilth a

the facing plate 13 to be described below at a top sur:

The tThree

a second end 1n a radial direction

10 near the center

flow paths 33 each extend

from a

of the flow path plate 12. The

flow path plate 12.

flow path hole 35 of

first end of

The

from a botCTom

B

"ace side.
first end to

from the opening 32 provided

pr—

cach of the flow paths 33 1s 1n communilication wilith the opening

32. The second

communication with each of

cover plate 11.

15 holes 33 except

facing plate 13.

pre——

end of each of

—

The upper side of

The lower sil1des of

the Three

pre——

pre——

e

pre——

pre——

ach of

che flow pa

"hs 33 1

the Tthree flow

for the second end 332 1s covered w1l

pr——

each of the

S 1n

flow path holes 31 of the

path

“h the

flow paths 33

except for the second end covered wilith the cover plate 11.

The s1x adhesive sealing holes 34 are arranged with a

spacling between each other along the outer periphery o:

20 pump chamber 7A

adhesive sealing holes 34 extends along the outer periliphery of

(see Fig.

2) .

More speci:

"1cally,

- the

—

cach of tThe

the pump chamber 7TA so as to face a position 1n which a

pre——

B

frame

portion 22 of the vibrating plate 15 and a link portion 23 to

be described below are connected to each other.

- The

Fach o:

20 adhesive sealing holes 34 is covered with the cover plate 11
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from a bottom surface side and 1n communication with an adhesive

seallng hole 36 of the facing plate 13 to be described below

at a top surface side.

pre——

The facing plate 13 1s made of metal, and 1s provided

D wlth an external connectlion terminal 3A sO as to project outward.

In addition, the facling plate 13 has one flow path hole 35 and

s1x adhesive sealing holes 30.

The flow path hole 35 1s provided 1n a cilrcular shape

pr—

with a dilameter smaller than the opening 32 of the flow path

pre——

10 plate 12, around the center position of the facing plate 13.

The flow path hole 35 1s 1n communication with the opening 32

of the flow path plate 12 at a bottom surface side and a top

surface side 1n communilcation with the pump chamber 7TA (see Fi1g.

2) at a top surface side.

15 The six adhesive sealing holes 36 are arranged with a

spacling between each other along the outer periphery of the

pr—
—

pump chamber 7A (see Fig. 2). More specifically, each of the

B

adhesive sealing holes 36 extends along the outer periphery of

the pump chamber 7A so as to face a position 1n which the frame

—

20 portion 22 of the vibrating plate 15 and the link portion 23

p—
-

to be described below are connected to each other. Each of the

pr—

adhesive sealing holes 36 1s 1n communicatlion wilith each of the

pr—

adhesive sealing holes 34 of the flow path plate 12 at a bottom

surface side and facing the adhesive layer 14 (not shown) at a

20 top surface side.
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The adhesive sealling holes 34 and 36 are provided 1n

order to prevent the adhesive layer 14 (not shown) i1n an uncured

state from overflowing 1nto the pump chamber 7A (see Fig. 2)

pre——

and adhering to the link portion 23 of the vibrating plate 15.

When the adhesive layer 14 1n an uncured state adheres to the

link portion 23, the vibration of the link portion 23 1s blocked

pr——

and thus wvarilation 1n the characteristics of each product 1s

caused. Accordingly, the adhesive sealing holes 34 and 36 are

provided so as to cause overflowling adhesives to flow 1nto the

adhesive sealing holes 34 and 36, which prevents the adhesive

laver 14 from overflowlng 1nto the pump chamber 7TA and also

pre——

reduces the wvariation 1n the characteristics of each product.

The adhesive laver 14 (not shown) 1s provided 1n a frame

shape havling a cilrcular opening 1n a plan view so as to overlap

wilth the frame portion 22 of the wvibrating plate 15 to be

pre——

described below. The space surrounded by the frame of the

—

adhesive layer 14 configures a portion of the pump chamber 7A

(see F1g. 2). The adhesive layer 14 1s configured by containing

pr—

a plurality of conductilive particles each having a substantially

unliform particle dilameter 1n a thermosetting resin such as an

pr—

epoxXy resin. Each of the conductive particles 1s configured as

silica or resin coated with a conductive metal, for example.

In thils manner, since the adhesive laver 14 contalns the

pr— pr—

plurality of conductive particles, the thickness of the entire

pr——

clrcumference of the adhesive layer 14 1s substantially matched




1303 18

10

15

20

25

13

pre——

with the particle diameter of the conductive particle, and 1s

able to be made uniform. Therefore, the adhesive layer 14 1s

able to cause the facing plate 13 and the vibrating plate 15

to face each other with a constant spacling between the facing

plate 13 and the vibratling plate 15. In additilion, the facing
plate 13 and the wvibrating plate 15 are able to be made
electrically connected to each other through the conductive

pr——

particles of the adhesive layer 14.

—

The vibrating plate 15 may be made of metal such as SUS

pre——

430, for example. Fi1ig. 4A 1s a perspective view of the top

surface side of the vibrating plate 15. Fi1g. 4B 1s a perspective

pre——

view of the bottom surface side of the vibrating plate 15.

The vibrating plate 15 1s provided with a circular plate

portion 21, a frame portion 22, and three link portions 23, and

pre——

has a plurality of openings 37 surrounded by the circular plate

portion 21, the frame portion 22, and the link portions 23. The

—

plurallity of openings 37 configure a portion of the pump chamber

/A (see Fi1g. 2). The cilrcular plate portion 21 has a circular

shape 1n a plan view. The frame portion 22 has a frame shape

provided with a circular opening 1n a plan view, and surrounds

the circular plate portion 21 with a spaclng between the frame

portion 22 and the circular plate portion 21. Each of the link

portions 23 links the circular plate portion 21 and the frame

portion 22. The circular plate portion 21 1s supported against

pr—
-

the link portions 23 1n a state of floatling 1nside the pump
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The bottom surface

19

(see Fi1g. 4B) of the circular plate

portion 21 has a convex portion 42 1n which a circular region

pr——

1s confilgured 1n a convex shape 1n the vicinity of or adjacent

—

p—

to the central portion of the bottom surface of the circular

plate portion 21. By providiling the convex portion 42 on the

pr——

bottom surface of the circular plate portion 21, the convex

portion 42 1s adjacent to the

pr——

flow path hole 35 of the facing

plate 13, which 1s able to i1ncrease the pressure fluctuation

pre——
—

clrcular plate portion 21.

circular plate portion 21 and the

che convex portion 42 1s not

provided,

pre——

of fluid that 1s generated accompanvying vibration of the

In addition, 1n a region 1n which

che spaclng between the

facing plate 13 1s 1ncreased.

Since the region 1n which the convex portion 42 1s not provided

1s a region that does not

contribu

e to a pump operation

directly, by 1ncreasing the space between the circular plate

portion 21 and the facing plate 13 1n this region, the driving

—

load of the plezoelectric element 16 1s able to be reduced and

pre——

the pressure of fluid and the

by the pump operation,

and

g

flow amount that are Jenerated

a pump e

flclency are able to be

1mproved. It 1s to be noted that, while, 1n the second preferred

pre——

embodiment of the present i1nvention,

an example 1n which the

convex portion 42 1s provided on the bottom surface of the

clrcular plate portion 21 1s shown,

B

the bottom surface of the

clrcular plate portion 21 may be made i1into a flat shape, and
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the circumference of the flow path hole 35 may be made 1nto a

convex shape with respect to the facing plate 13 facing the

clrcular plate portion 21.

The link portions 23 are each approximately T-shaped, and

are arranged wilith a spaclng 1n an egulangular directilion.

pr—

Specifically, each of the link portions 23 has an end on the

— —

side of the center of the vibrating plate 15, the end being

linked with the cilrcular plate portion 21, and extends from the

clrcular plate portion 21 1n a radial direction, splits 1nto

two forks, extends along the outer periphery of the pump chamber

/A, Dbends towards the frame portion 22, reaches the frame

portion 22, and 1s linked with the frame portion 22. Since each

— —

of the 1link portions 23 has such a shape, the edge of the

clrcular plate portion 21 1s supported agalnst the frame portion

22 SO as to be displaceable 1n the vertical direction and hardly
be displaced 1n a plane direction.

The plezoelectric element 16 as shown 1n Fig. 3 1s

configured by providing electrodes on the top and bottom

pre—— pre——

surfaces of a cilrcular plate made of a plezoelectric material.

—

The electrode on the top surface of the piezoelectric element

16 1s electrically connected to an external connection terminal

4A through the power feeding plate 18. The electrode on the

pr—

bottom surface of the plezoelectric element 16 1s electrically

connected to an external connection termlnal 3A through the

vibrating plate 15, the adhesive laver 14, and the facilng plate
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13. It 1s to be noted that the electrode on the bottom surface

pre——
p—

of the piezoelectric element 16 may not be provided and may be

replaced by the vibrating plate 15 made of metal. This

plezoelectric element 16, when an electric field 1s applied 1n

—

the thilickness direction of the plezoelectric element 1o, has a

plezoelectric property such that an area may be 1ncreased or

—

reduced 1n the i1n-plane direction. The use of the plezoelectric

element 16 1s able to make the vibrating portion 24 to be
described below thin and 1s also able to downsize the pump 1.
The plezoelectric element 16 1s attached to the circular

plate portion 21 with a not shown adhesive or the 1like, and

configure the vibrating portion 24. The vilibrating portion 24

pr—

has a unimorph structure of the piezoelectric element 1o and

the circular plate portion 21, and 1s configured so as to

generate bending vibration 1n the vertical directilion when the

pre——

area vilibration of the piezoelectric element 16 1s restralned

by the circular plate portion 21. Since the outer peripheral
portion of the cilircular plate portion 21 1s supported vertically
by the link portion 23 to be displaceable as described above,
the bending vibration that 1s generated 1n the vibrating portion

24 1s hardly blocked by the link portion 23. It 1s to be noted

that, since the vibrating portion 24 1s able to be displaced
1n the vertical direction, when an 1mpact load or acceleration
acts on the pump 1A, displacement 1n the vertilical direction

will occur 1n the vibrating portion 24.
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The 1nsulating plate 17 has a frame shape having a

clrcular opening 38 1n a plan view. The opening 38 confiligures

pr——

a portion of the pump chamber 7TA (see Fi1g. 2). The 1nsulating

pr——
—

plate 17 1s made of an 1nsulating resin and 1nsulates

electrically between the power feeding plate 18 and the

vibrating plate 15. This makes 1t possible to apply a driving

pr=—- pre——

voltage to the electrodes of the top and bottom surfaces of the

plezoelectric element 16 through the power feeding plate 18 and

the vibrating plate 15. It 1s to be noted that the power feeding
plate 18 and the vibrating plate 15 may be 1nsulated, other
than by providing the 1nsulating plate 17, by coating the

pre——

surface of the vibrating plate 15 or the power feeding plate

18 with an i1nsulating material or by providing an oxide laver

pre——

on the surface of the vibrating plate 15 or the power feedlng

plate 19.

The power feedlng plate 18 1s metal. Fig. bHA 1s a

pr— pr—

perspectlive view of the top surface side of the power feedilng

pr—

plate 18. Fi1g. 5B 1s a perspective view of the bottom surface

—

side of the power feediling plate 18.

The power feeding plate 18 1s provided with an external

connection terminal 4A, an 1nternal connection terminal 27, a

frame portion 28, a supporting portion 29, and a displacement

regulating portion 30, and has an opening 39 surrounded by the

pr——
—

supporting portion 29. The openling 39 configures a portion of

the pump chamber 7JTA (see Fi1g. 2). The 1nternal connection



1303 18

10

15

20

25

terminal

28 to the opening 39,

—

OL

1n a plan view and has a

39.

supporting portion 29 1n a plan view.

embodlment of

18 has a level dif

the

more than the

OOWer

plezoelec
portion 29,
resistance,

more than the

OOWer

element 16

29.

the top sur:

pr——

“ace o

g

frame portion 28,

"eedlng pla

feeding plate

18.

Cric elemen

e 183,

the amplitude o:

The frame portion 28 has a

and

Since,

23

2’7 1s provided so as to project

the present 1nvention,

pr——

- osclllation 1s reduced due to air

“he

when

frame por

from the supporting portion 29 on the top surface of

the

C 16 excessively approaches

43 that project to the opening 39,

toward the center of

pre——

1n other

the supporting portion 29.

from the

the power

frame portion

and has a tip soldered to the electrode
the plezoelectric element 16.

The supporting portion 29 has a cilrcular outside shape
frame shape that surrounds the opening

frame shape that surrounds the

In the second preferred

feeding plate

“erence between the supporting portion 29 and

the supporting portion 29 1s recessed

frame portion 28 on the bottom surface of the

c1on 28 1s recessed

cop

—

the power

surface of the

he supporting

the supporting portion 29 1s caused to be recessed

frame portion 28 on the bottom surface of the
"eedling plate 18 1n order to prevent the plezoelectric

from excessively approaching the supporting portion

The supporting portion 29 has three wave-shaped portions

words, that project

FFach of the

wave—-shaped portions 43 1s continuously arranged 1n a wavelike
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manner 1n a plan view. The three wave-shaped portions 43 are

pr—

provided 1n three regilons, respectively, out of the regions

obtalned by dividing the opening 39 1nto four regions at equal

pr——

angles. It 1s to be noted that the tip of the 1internal

connection terminal 27 1s poslitioned 1n one remalnlng reglon

pre——

of the regions obtalned by dividing the opening 39 1nto four

regions at equal angles.

g

Fach of the wave-shaped portions 43 1ncludes the

displacement regulating portion 30 provided on the bottom

— pr—
—

surface (see Fi1g. 5B) of the wave-shaped portions 43. Each of

the displacement regulating portions 30 corresponds to a

projecting portion, has a circular shape 1n a plan view, and

pr— pr—

projects downward from the bottom surface of each of the wave-

—

shaped portions 43. Each of the displacement regulatling

portions 30 1s provided 1n order to prevent the link portion

23 of the vibrating plate 15 from excessively extending, by

pr——

contacting the top surface of the piezoelectric element 16 at

— —

the action of the 1mpact load or the like. It 1s

the time o

pre—— pr—

to be noted that the bottom surface of each of the displacement

regulating portions 30 1s provided 1n height that does not

—

interfere with the bending vibration of the vibrating portion

24,

The dilsplacement regulating portion 30, as shown 1n Fi1g.

5B, compared with a polnted shape, may preferably have a planar

shape. When the excessive displacement of the vibrating portion
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24 1s regulated by the displacement regulating portion 30, the

1mpact load 1s able to be received by a plane, sO

that tThe

stress concentrated on both the displacement regulating portion

30 and the vibrating portion 24 1s relileved.

There:

"Oore, The

displacement regulating portion 30 havling a plane shape 1s able

to prevent both the displacement regulating portion 30 and the

vibrating portion 24 from beiling damaged.

pr—

made of a resin and 1s 1n a substantially

clrcular opening 40 1n a plan view.

pr——

a portion of the pump chamber 7TA (see Fi1g. 2).

The 1i1d plate 20 closes the top surface of

chamber 7A (see Fig. 2).

the present 1nvention,

41 that opens to the upper princilpal surface O5A of

In the second preferred embodliment of

In addition, the spacer plate 19 as shown 1n Fig. 3 1s

"rame shape having a

The opening 40 configures

Che pump

—
-

the 1lid plate 20 has a flow path hole

pre——

Che pump

housing 2. The flow path hole 41 has a circular shape 1n a plan

view, and 1s 1n communication with the external space and also

pre——

1n communication with the opening 40 of the spacer plate 19,

that 1s, the pump chamber T7A. The flow path hole

417 1s an

exhaust ailr hole that discharges gas to the external space 1n

p—

the second preferred embodiment of the present i1nvention. It

1s to be noted that, while the

pre——

flow path hole 41 1s provided

1n the center position of the 1li1id plate 20 1n the second

—

preferred embodiment o:

hole 41 may be provided 1n a position away

the present 1nvention, the

flow path

from The center
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position of the 1lid plate 20.

pre——

F1g. ©6A 1s a sectilonal side elevational view of the pump

1 viewed from the power feeding plate 18 to the flow path plate

12, and shows a cross-section taken along a line A-A'" 1n Fig.

oB.

In the pump 1A, an alternating current drive signal 1s

applied to the external connection terminals 3A and 4A, so that

an alternating electric field 1s applied 1n the thickness

—
-

direction of the pilezoelectric element 1o. Then, the

plezoelectric element 16 tends to evenly expand and contract

1n the 1n-plane direction, and thus the bending vibration 1n

“he thickness direction 1s Jgenerated concentrically 1n the

pr—

vibrating portion 24 of the piezoelectric element 16 and the

clrcular plate portion 21.

In the second preferred embodiment of the present
1nvention, the alternating current drive signal applied to the

external connection terminals 3A and 4A 1s set so as Lo have

the frequency that generates 1n the vibrating portion 24 a

bending vibration 1n a third-order resonance mode. In a case

1n which the vibrating portion 24 bends and vibrates 1n the

—
e

third-order resonance mode, an antinode of a first vibration

pre——

occurs 1n the central portion of the vibrating portion 24, an

pre—— pr—— pr—

antinode of a second vibration of which the phase 1s dai

erent

by 180 degrees from the phase of the first vibration occurs at

—

the outer edge portion of the vibrating portion 24, and a node
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pre——

of vibratilion occurs 1n the 1ntermediate portion between the

pre——

central portion and the outer edge portion of the vibrating

portion 24. Thus, 1f the wvibrating portion 24 1s bent and

vibrated 1n the high-order (and odd number-order) resonance

pr—

mode, compared with a case of belng bent and vilibrated 1n a

first-order resonance mode, vilbration such that the vibrating

portion 24 does not bend but vibrates 1n the vertical direction

—

becomes unlikely to occur, and the amplitude of oscillation 1in

the outer peripheral portion of the vibrating portion 24 becomes
smaller and the vibration becomes unlikely to leak to the pump

housing 2A (see Fi1g. 2).

The bending vibration occurs 1n the vibrating portion 24
as described above, so that, 1n the vibrating portion 24, the

convex portion 42 1s repeatedly displaced up and down, and the

convex portion 42 1s repeatedly beaten against a thin fluid

pre——

laver of a gap between the convex portion 42 and the facing

plate 13. Accordingly, repeated pressure fluctuation occurs 1n

the fluid layer that faces the convex portion 42, and the

pressure fluctuatlon 1s transmitted through fluid to the region

pr——

(herelnafter will be referred to as a movable portion 44) of

the facing plate 13 that faces the convex portion 42. The

pre——

movable portion 44, since facing the opening 32 of the flow

path plate 12, 1s thin, and 1s configured so as to bend and

vibrate. Therefore, the movable portion 44, 1n response to the

—

bending vibration of the vibrating portion 24, generates
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“erent

bending vibration having the same frequency as and a di

pr—

phase from the bending vibration of the vibrating portion 24.

pre——

The vibration of the vibrating portion 24 and the

pr——

vibration of the movable portion 44 that are generated 1n this

—

manner are coupled to each other, and thus, 1nside of the pump

pr——

chamber 7A, a distance of the gap between the convex portion

42 and the movable portion 44 wvaries from a vicinity to an

pr— pr—
p—

outer periphery side of the flow path hole 35 1n the form of

traveling waves. Accordingly, fluid comes to flow from the

viclnlty to the outer periphery side of the flow path hole 35

pre——

inside of the pump chamber 7A. Thus, a negatlve pressure OCCUrS

around the flow path hole 35 1inside of the pump chamber 7A, the

fluild 1s sucked from the flow path hole 35 to the pump chamber

pr—

/A, and then the fluid of the pump chamber 7A 1s to be discharged

outside through the flow path hole 41 provided 1in the 1lid plate

20.

pr—

Fi1g. oB 1s a plan view of a vibrating portion 24 and the

power feeding plate 18.

pre——

The displacement regulating portion 30 of the power

feeding plate 18 1s provided so as to face the top surface side

—

of the vibrating portion 24 with a spacing. More specifically,

pr—

1n the second preferred embodiment of the present 1nvention,

the displacement regulating portion 30 1s not provided so as

not to face a position 1n which the antinode of the first

B

vibration or the antinode of tThe second vibration of the
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vibrating portion 24 occurs but so as to face a position 1n

—

whlich a node of wvibration occurs. Therefore, even when the

bending vibratlion occurs 1n the vilibrating portion 24, the
dlistance between the vibrating portion 24 and the displacement
regulating portion 30 1s not changed and a constant distance
1s kept. Accordingly, even when the displacement regulating

—

portion 30 1s provided, the vibration of the vibrating portion

g

24 1s hardly blocked and thus a good pump efficiency 1s able

to be achieved.

In addition, the displacement regulating portion 30

includes a plurality of displacement regulating portions 30

chat are dispersedly provided, and chree displacement

regulating portions 30 are provided 1n the second preferred

pr—

embodiment of the present 1nvention. Therefore, when the

vibrating portion 24 1s displaced due to an i1mpact load or the
like and the vibrating portion 24 comes 1nto contact with the
displacement regulating portion 30, 1t 1s possible to prevent
inclination so that the vibrating portion 24 may come 1nto

pre——

contact with the plurality of displacement regulatling portions

30. In addition, 1t 1s also possible to reduce an area 1n which

the displacement regulating portions 30 and the vibrating

portion 24 face each other and to more relilably prevent the

pre——

flow of fluid being blocked by the displacement regulating

portions 30.

pr——

It 1s to be noted that the tip of the internal connection
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vibration 1n the vibrating portion 24.

1s soldered to a position being the node of

30

B

In addition, the internal

connection terminal 27, with respect to a concentric cilrcular

pre—— pre——

area 1n which the node of vibration of the pie

zoelectric element

1o occurs, extends 1n the tangential direction of the concentric

clrcular area

. As a result,

reduce or prevent

1t 1s possible to significantly

the vibration from 1leaking from the

plezoelectric element 16 to the 1nternal connection terminal

27, to achileve

further i1mprovement in pump e

—

pr—

"1clency, and also

to prevent breakage of the 1nternal connection terminal 27 due

to vlibration.

In the

pulip

1A according to the

embodiment with the above configuration, as

the filirst preferred embodiment, even when an

like acts,

1t 18

pre——

second preferred
1s the case with

1mpact load or the

also possible to regulate excessive

displacement of the vibrating portion 24 by the displacement

regulating portion 30 and to significantly

large plastic

pr——

reduce or prevent

deformation of the 1link portion 23, and thus the

pr——

lmpact reslstance of the pump 1A becomes high. Fig. 7 1s a

pr——

graph showing a change of pump characteristics (the maximum

pressure force) before and a:

pre——

the present 1nvention and a pump 101

to a conventional confiliguration are dropped

of the pump 1A accordilng to the second pre:

50 cm 1s per:

“ormed.

"erred embodiment of

"ter an 1mpact test 1n which samples

pre——
—

(see Fi1g. 12) accordiling

pr——
—

from the height of

In the pump 1A according to the second
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—

embodiment of the present i1nvention, while specific degradation

1n the pump characteristics before and after the 1mpact test

has not occurred, 1n the pump 101 according to a conventional

configuration, serilious degradation 1n the pump characteristics

has occurred by the 1Impact test. Thus, the pump 1A according

—

to the second preferred embodiment of the present 1nvention has

a high 1mpact resistance, and, even when an 1mpact load or the

like acts on the pump 1A, a failure or characteristic

degradation 1s unlikely to occur.

Third Preferred Embodiment

pr——

Subsequently, a description will be made of a pump

—

according to a third preferred embodiment of the present

invention.

Fig. B8A 1s a perspective view of the top surface side of

pr——

a power feedlng plate 18A with which the pump according to the

—

third preferred embodiment of the present i1nvention 1s provided.

pre—— pre——

Fig. 8B 1s a perspective view of the bottom surface side of the

power feeding plate 18A.

The power feeding plate 18A 1s provided with an external

connection terminal 4A, an 1nternal connection terminal 27, a

frame portion 28, a supporting portion 29A, and a displacement

regulating portion 30A, and has an opening 39A surrounded by

the supporting portion 29A. In the third preferred embodiment

— pr—

of the present 1nvention, the configuration of the external
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connection terminal 4A, the 1nternal connection terminal 27,

and the frame portion 28 1s almost the same as the configuration

according to the second preferred embodiment, and the

configuration o

regulating portion 30A, and the openling 39A 1s di

g

the supporting portion 29A, the displacement

pr—

"erent from

the configuration according to the second preferred embodiment.

Speclfically, the displacement regulating portion 30A 1s

mountain—-shaped and 1s provided along the outer peripheral

—

portion of the supporting portion 29A. The supporting portion

29A 1s provided with three wave-shaped portions 43A, and the

wave—-shaped portions 43A have smaller unevenness as compared

Wl

ch the configuration according to the second preferred

—

embodiment of the present 1nvention. The opening 39A has an

area that 1s enlarged by only a portion 1n which the unevenness

pre——

OL

“he wave-shaped portion 43A 1s smaller.

pre——

Fig. 2 1s a plan view of the power feeding plate 18A and

the vibrating portion 24.

—

The displacement regulating portion 30A of the power

feeding plate 18A 1s provided so as to face the top surface

pre——

side of the vibrating portion 24 with a spacing, so as not to

Or

dS

2.4

In

face a position 1n which the antinode of the first vilibration

— —

vibration of the vibrating portion 24, and so

the node o

to face the outer perilpheral portion of the vibrating portion

pr—— pre——

outside the node of vibration of the vibrating portion 24.

this confliguration, since the displacement regulating
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portion 30A 1s provided at a position outside the position of
the second pre:
shaped portion 43A 1s able to be reduced.

dimension oO:

D O

Accordingly,

f the

power

feeding plate

33

"erred embodiment,

16A

B

the unevenness of the wave-

1s able

wave—-shaped portion 43A that blocks the

S1gni:

facilitated.

regulating portilion 1s caused to

according to the present third pre:

the displacement regulating portion 1s caused toO

10 It 1s pre:
portion of the
15 of vibration in

vibrating por

"he vi1ibra

C1ng por

"1cantly reduced or prevented, and the

“1on as 1n

C1on as 1n

accordiling to the previous second preferred

present

blocking the

portion

20 flow of

)

inventi

on, dependlng on which one

pre——
—

(supporting portion) and

fluid

by wvariation o

In other words,

The

- the wave-shaped portion 43A 1n the radial direction

to be shortened.

the vibration 1n the thickness direction of

flow of

fTlow otf

B

—

"he con:

Clgura

"he coni

embodime

of the

pr—

Clgura

pr——

nt ot

effect of

fluid

The

18

fluid 1s

"erable to determine whether the displacement

face the outer peripheral

10N

"erred embodiment or whether

face the node

10N

The

B

flow of fluid by vibration of the wave-shaped

the effect of blockling the

pre——

f a distance

between

Che

displacement regulating portion and the vibrating portion 1s

larger.

25 con

IR the

present

filguration,

as 1n the

lnvention,

first pre:

In the pump according to the third pre:

the pump having

"erred embodiment of

the

—

erred embodiment

abpove

The
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pre——
—

present 1nvention, since excesslve displacement of the

vibrating portion 24 1s also regulated by the displacement

regulating portion 30A even when an 1mpact load or the 1like

pr——

acts on the pump, the 1mpact resilistance of the pump becomes

high and, even when such an Impact load or the like acts on the

pump, a fallure or characterilistic degradation 1s unlikely to

OCCUuULrL.

Fourth Preferred Embodiment

B

Subsequently, a description will be made of a fourth

—

preferred embodiment of the present 1nvention.

Fig. 10 1s an exploded perspective view of a pump 1B

pre——

pr—

according to the fourth preferred embodiment of the present

invention.

The pump 1.

housing 3B,

and

B3 1s provilided with a pump housing 2B, a valve

a diaphragm 4B. The pump housing 2B has a

configuration 1n which the members (the power feeding plate,

the 11d plate

, and the spacer plate) that are closer to the top

pre——

plate than to the power feeding plate of the pump 1 according

pr——

to the second preferred embodiment of the present i1nvention are

removed and a power feedling plate 18B 1s provided. The power

feeding plate 18:

3 has a configuration 1n which a valve convex

portion 5B that cvlindrically projects to the top surface side

of one of the

configuration

O

wave-shaped portions 43 1s added to the

B

f the above described second preferred
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pre——

embodiment of the pres

30

ent 1nvention. The pump housing 2B

discharges the fluid that 1s sucked from a lower principal

surface side, to a top surface side.

The valve housing 3B 1s provided on the top surface

—

pr—

side of the pump housing 2B, and has a function of preventing

the fluid that the pump housing 2B, with the dilaphragm 4B,

discharges from flowlng

dlaphragm 4B has a flat

held between the wvalve h

backward to the pump housing 2Z2B. The

film shape and has flexibility, and 1is

ousing 3B and the pump housing 2B.

Fig. 11A and Fig. 11B are schematic cross-—-sectional

pre——

views of a maln portion

pre——

of the pump 1B. Fig. 11A shows a case

1n which fluid flows 1n a forward direction, and Fig. 11B shows

a case 1n which fluid f1l

The valve housing 3B 1s provilided with a top plate 10B,

OWS 1n a reverse dlrection.

an external connecting portion 11B that projects upward from

the top plate 10B, and a

from the top plate 10B.

valve seat 12B that projects downward

The external connecting portion 11B 1s

provided with a first flow path hole 31B that ventilates an

1

internal space 30B of the wvalve housing 3B and the external

space. The valve seat 12B 1s provided with a second flow path

hole 32B that ventilates the i1nternal space 30B of the wvalve

housing 3B and the external space. The diaphragm 4B 1s provided

with an opening 33B at

portion 5B provided 1n t

a posltion facing the wvalve convex

he power feeding plate 18B.

The diaphragm 4.

B3 1ncludes a portion around the opening
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33E,

portion 5B as the diaphra

space

pressurized
the diaphragm 4.
and the portion separates

dliaphragm 4.

valve

valve seat 12

pre——

OL

fluid

dlaphragm 4.

1s opened, and

since the second

4R,

fluid

1nto the internal space 30B ©

first

dlaphragm 4.

from the wvalve

30B of

from the side of

B3 1S pressurilzed

36

gm 4B 1s pressurized

—

the pump housing Z2ZB.

the wvalve housing 3.

convex portion 5B

3 1ncludes a portion

adS

from The wvalve

the diliaphragm 4B

seat 12B

from the 1nternal space 30:

3

facing the wvalve seat 12B,

adS

O

and the portion comes 1nto contact with the wvalve convex
from the internal

B and the portion separates

18

In addition,

The

f the

housing 3B and the portion comes 1nto contact with the

the pump housing 2B.

Accordingly,

"lows 1n the

3 1s separated

"he fluid :

~ ]l ows

flow path hole 31B.

In addition,

2B 1nto the 1nternal space 30B

B3 as the diaphragm 4.

as shown 1n Fig.

forward direction,

from

pre——

OL

flow path hole 3Z.

as shown 1n Fig.

4B contacts the wvalve convex portion 5.

the valve housing 3.

1]

11A,

"he side of

pre——

B 1s pressurized :

the opening 33B

B,

"lows 1n the backward direction and

flow path hole 31B, since the opening 33B

3 1s separated and the second

" lows

f the valve housing 3.

the fluid 1s discharged to the outside through the

3.

O

"rom the side

1n a case 1n which

f The

from the valve convex portion 5B and

Che pump housing

Then,

B 1s closed by the diaphragm

first

1N a case 1n which
from the outside

B through the

of the diaphragm

flow path hole 3Z2B

R and 1s closed and the

1S
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open, the fluid 1s discharged to the outside through the second

flow path hole 32B.

Thus, 1n the pump 1B according to the fourth preferred

—

embodlment of the present 1nvention, even when the discharged

fluild flows backward, the fluid does not reach the side of the

pump housing 2B and 1s able to be discharged to the outside

through another flow path hole.

While the pump 1B according to the fourth preferred

pr—

embodiment of the present 1nvention has a configuration 1n

which the pump housing 2B, the wvalve housing 3B, and the

dlaphragm 4B are 1ntegrally formed, the pump housing 2B, the

valve housing 3B, and the diaphragm 4B may be completely

separately configured. The pump housing 2B, the wvalve housing

3B, and the diaphragm 4B are 1ntegrally configured, so that

even the pump 1B that has a wvalve function 1s able to be

downsized. In particular, 1n the pump 1B according to the fourth

pr——

preferred embodiment of the present i1nventilion, since the power

feeding plate 18B provided with the displacement regulating

portion 30 configured to regulate the displacement of the

vibrating portion 24 due to an impact load additionally i1ncludes

the valve convex portion 5B for achleving a valve function, the

pump 1B that has the valve function 1s able to be made extremely
small.

While the present 1nvention 1s able to be 1mplemented

as shown 1n each of the above preferred embodiments, the present
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invention 1s also able to be 1mplemented 1n a preferred

embodlment other than the preferred embodiment. For example,

pr—— pre——

while each of the above preferred embodiments of the present

pr——

1nvention shows an example of usling the plezoelectric element

O in which expansion and contraction occurs 1n the 1n-plane
dlrection, the present 1nvention 1s not limited to thils example.

For example, the vibrating plate may be bent and vibrated

electromagnetically.

In addition, while each of the above preferred

B

10 embodiments of the present invention shows an example of

providing the displacement regulating portion on the power

feedlng plate and making the displacement regulating portion

project to the bottom surface side, the present 1nvention 1s

not limlited to thilis example. For example, the displacement

15 regulating portion may project from a lid plate or the like.

Moreover, the displacement regulating portion may be provided

pr——

on the lower side (the second pump chamber) of the vibrating

portion 24, and may be provided on both the lower side (the

second pump chamber) and the upper side (the first pump chamber)

20 of the vibrating portion 24.

Furthermore, while each of the above preferred

B

—

embodiments of the present 1nventilon shows an example of

providing three cylindrical displacement regulating portions,

pr— pr—
p—

the number of displacement regulatling portilions, the shape of

25 the displacement regulating portion, and the arrangement of the
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displacement regulating portions are not limited to the above

mentioned example. For example, the displacement regulating

—

portion may be made 1nto the shape of a sqguare pillar or the

—
-

shape of a cilrcular ring. In addition, the displacement

p—

regulating portion may be made 1nto the shape of a circular

ring that has the outer shape slightly smaller than the outer

pr——

shape of the vibrating portion 24. Moreover, the displacement

regulating portion may be provided at one location, tTwo

locations, or four or more locations.

—

Furthermore, while each of the above preferred

—

embodiments shows an example of determining the frequency of

1)

an alternating current drive signal so that the vibrating plate
may be vibrated 1n the third-order resonance mode, the present

invention 1s not limited to this example. For example, tThe

frequency of an alternating current drive signal may be

determined so that the vibrating plate may be vibrated 1n a

— 1

first—-order resonance mode or 1n a fifth-order resonance mode.

pre——

In addition, while each of the above preferred

embodlments shows an example of using gas as fluild, the present

1nvention 1s not limited to this example. For example, the

fluid may be liquid, vapor-liquid mixed fluid, gas-solid mixed

pre——

fluid, or solid-liquid mixed fluid. Moreover, while each of the

pre——

above preferred embodiments shows an example of sucking fluid

to the pump chamber through the flow path hole provided 1n the

facilng plate, the present 1nventilion 1s not 1limited to this
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example. For example, the

chamber through the

40

fluid may be discharged :

flow path hole provided 1in the

Whether fluid 1s to be sucked or discharged through the

path hole provided

"rom the pump

facing plate.

T low

1n the facing plate may be determilined

—

O according to the direction of the traveling waves in

The

difference 1n vibration between the convex portion and the

movable portion.

Lastly, the

foregolng pre:

"erred

embodiments

dre

1llustrative 1n all polnts and should not be construed to limit

10 the present invention.

defined not by the

1s 1ntended to i1nclude all modi:

forego

followlng claims. Further,

pr—

The scope of the present 1nvention 1s

1ng preferred embodiment but by the

pre——

Che scope o

Che presen

pre——

Wt

lnven

1cations wilithin the scopes of

10N

B

the claims and within the meanings and scopes of equlvalents.

15
Reference Signs List
1, 1A, 1B Pump
2, 2A, 2B Pump housing
3 Vibrating plate
20 4 Driving portion
5 Displacement regulating portion
S Pump chamber
] F'low path
3 Opening

20 9 Vibrating portion
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3A,
oA,
1A
11
12
13
14
15
106
17
13,
19
20
21
22
23
24
2]
23
29,
30,
31
32
33

39

41

AA External connection terminal

oA Principal surface
Pump chamber
Cover plate
Flow path plate
Facing plate
Adhesive laver
Vibrating plate

Piezoelectric element

Insulating plate

18A, 18B Power feeding plate

Spacer plate
Lid plate

Clrcular plate portion

Frame portion
Link portion

Vibrating portion

Internal connection terminal

Frame portion

29A Supporting portion

30A Displacement regulating portion
Flow path hole
Opening
Flow path

Flow path hole
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47 Convex portion

43, 43A Wave-shaped portion
44 Movable portion

3B Valve housing

4B Diaphragm

5B Valve convex portion

10B Top plate

11B External connecting portion

12R Valve seat

33B Openiling
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1. A pump comprising:

43

CLAIMS

a pump housing 1nternally 1ncludling a pump chamber;

a Vilibratling portion belng supported agalnst the pump

inner wall;

housing 1n the pump chamber, dividing the pump chamber i1into a

first pump chamber and a second pump chamber each 1ncluding an

a driving portion arranged on the vibrating portion and

configured to drive the vibrating portion so as to bend and

vibrate the vibrating portion 1n a predetermined direction; and

a displacement regulating portion projecting from the

—

inner wall of the first pump chamber and facing the vibrating

portion;

wherein the displacement regulatling portion faces an

outer peripheral portion

pr——

facing a center portion of

2. The pump according to

pr—

O the vibrating portion wilthout

the vibrating portion.

claim 1, wherein the displacement

regulating portion 1s positioned 1n a space 1n which the

vibrating portion 1s able to be positioned when the vibrating

portion elastically deforms.

3. The pump according to claim 1 or 2, wherein the displacement

regulating portion 1s not positioned 1n a space 1n which the
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vibrating portion 1s able to be positioned when the vibrating

portion bends and vibrates.

g

4. The pump according to any one of claims 1 to 3, further

D comprising

a Tflat plate-shaped member forming the displacement
regulating portion comprilsing:

a supporting portion projecting from a side of the pump

housling to the pump chamber; and

10 a projecting portion projecting from the supporting

pr—

portion to a side of the vibrating portion.

5. The pump according to claim 4, wherein the flat plate-shaped

member comprilises an lnternal connection termilnal projecting and

pr——

15 extending from the side of the pump housing to the pump chamber

and having a tip connected to the vibrating portion.

6. The pump according to claim 4 or 5, whereln the vibrating

portion bends and vibrates 1n a high-order resonance mode.

20

/. The pump accordling to claim 6, wherein the displacement

pre——

regulating portion faces a position to be a node of bending

pr—

vibration of the vibrating portion without facing a center

pr——

portion of the vibrating portion.

25
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3. The pump accordlng to any one o

45

pr—

claims 1 to 7, further

comprilisling a projectling portion projecting from the

B

9 9. The pump according to any one o:

as the

dlsplacement

of the second pump chamber and

p—

- claims 1 to 8,

regulating portion, a plu

projectlng portions that are alilgned at 1intervals

Other.

10 10. The

dlisplacement regulating portion,

11. The pump according to claim 4,

configured as a lamlnate of

15 members

PUIlp

pr—

"ha

L drfe S

cacked 1n

according to c¢lailm

1nner wall

facing the vibrating portion.

comprising,

pr——
—

rality of

from each

9, comprising, as the

pr—

three projecting portions.

wherein the pump 1s

a plurality of flat plate—-shaped

C10on.

Cermined dilrec

che prede
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