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(54) PIEZOELECTRIC PUMP AND STIRLING REFRIGERATOR

(57) A piezoelectric pump (6) includes a casing (32)
formed of a plurality of metallic members welded and
thus joined together, a piezoelectric element (36) dividing
an internal space of the casing (32) into a working space
(34) and a back pressure space (35), and internal com-
ponents (33A, 33B) formed of resin, and provided be-
tween the casing (32) and the piezoelectric element (36)
and holding the piezoelectric element (36). The internal

components (33A, 33B) are formed of workable and
moldable resin. The internal component (33A) defines a
perimeter of the working space (34) and the internal com-
ponent (33B) defines a perimeter of the back pressure
space (35). The internal components (33A, 33B) are ar-
ranged opposite each other to form a recess therebe-
tween to receive and thus hold the piezoelectric element
(36) therein.
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Description

Technical Field

[0001] The present invention relates piezoelectric
pumps and Stirling refrigerators/freezers, and particular-
ly to piezoelectric pumps efficiently circulating fluid in
negative and positive pressure states and Stirling refrig-
erators/freezers equipped with such piezoelectric
pumps.

Background Art

[0002] Conventionally a piezoelectric pump employing
a piezoelectric element of quartz, lithium niobate and the
like has been used as a medium circulating pump.
[0003] Fig. 6 is a cross section of one example of a
conventional piezoelectric pump. With reference to Fig.
6, a piezoelectric pump 106 includes a casing 132, and
a working space 134 and a back pressure space 135 in
casing 132, as shown in Fig. 6. Working space 134 and
back pressure space 135 are spaced by a piezoelectric
element 136. Furthermore, a portion of the casing that is
adjacent to working space 134 is provided with an inlet
137 aspirating a medium and an outlet 138 discharging
the medium. A portion of the casing that is adjacent to
back pressure space 135 is provided with a back pres-
sure hole 135A for adjusting back pressure space 135 in
pressure. Note that inlet 137 and outlet 138 are provided
with check valves 139 and 140, respectively, to prevent
the medium from flowing backward.
[0004] To operate piezoelectric pump 106, an electri-
cal signal is applied to piezoelectric element 136. This
causes piezoelectric element 136 to oscillatorily move in
a direction indicated by a broken arrow. Note that piezo-
electric element 136 has ends secured to casing 132,
and accordingly, deforms in the form of a projected sur-
face and thus oscillatorily moves. As a result, working
space 134 varies in volume and has its internal pressure
varied with how piezoelectric element 136 deforms. Thus
piezoelectric pump 106 aspirates/discharges the medi-
um.
[0005] As piezoelectric element 136 deforms, back
pressure space 135 will also vary in volume, and as a
result back pressure space 135 varies in pressure. This
causes a force in a direction opposite to that in which
piezoelectric element 136 moves. Consequently, piezo-
electric pump 106 operates inefficiently. This is ad-
dressed by providing back pressure hole 135A to casing
132 at a portion adjacent to back pressure space 135 to
maintain back pressure space 135 to be constant in pres-
sure regardless of how piezoelectric element 136 de-
forms.
[0006] Furthermore, heat exchange utilizing an invert-
ed Stirling cycle is applied to a refrigerator/freezer, such
as that described in Japanese Patent Laying-Open No.
2003-50073 (hereinafter referred to as Conventional Ex-
ample 1).

[0007] Conventional Example 1 discloses a Stirling
freezing system including a warm portion externally ra-
diating the heat of a working gas compressed in the in-
verted Stirling cycle, a cold portion externally absorbing
the heat of the working gas expanded by the inverted
Stirling cycle, and a circulation circuit associated with the
cold portion, formed of a closed circuit connecting a con-
denser associated with the cold portion and thermally
coupled with the cold portion and a plurality of evapora-
tors associated with the cold portion together to configure
a thermosyphon, characterized in that a cold heat energy
transfer medium transferring the cold heat energy of the
cold portion is sealed in the circulation circuit associated
with the cold portion. The heat of the warm portion is
radiated by a heat exchange cycle (or a radiating system)
associated with the warm portion. The heat exchange
cycle associated with the warm portion includes an evap-
orator associated with the warm portion and a condenser
associated with the warm portion that are connected by
a pipe, and transfers and radiates heat by the principle
of thermosyphon.
[0008] Japanese Utility Model Registration No.
2505727 (referred to as Conventional Example 2) dis-
closes a piezoelectric pump including a casing, a piezo-
electric oscillator provided at an internal region of the
casing, and a check valve provided at a pump chamber
located at one side of the piezoelectric oscillator for as-
piration and discharge. This piezoelectric pump has the
pump chamber communicating with an opposite cham-
ber located opposite to the pump chamber with the pie-
zoelectric oscillator interposed therebetween.
Patent Document 1: Japanese Patent Laying-Open No.
2003-50073
Patent Document 2: Japanese Utility Model Registration
No. 2505727

Disclosure of the Invention

Problems to be Solved by the Invention

[0009] However, such piezoelectric pump as de-
scribed above has the following disadvantage:
[0010] Such a piezoelectric pump as shown in Fig. 6
has a casing configured of a plurality of members oppo-
site to form an internal space. Note that the plurality of
members are typically sealed together using an O ring
or the like. Such configuration allows a working medium
to slowly leak and thus cannot be applied over a long
period of time to a sealed system having a circuit having
an internal pressure lower or higher than atmospheric
pressure (in the present specification, also referred to as
"negative or positive pressure states"). Such problem
cannot be solved by the piezoelectric pump indicated in
Conventional Example 2, either.
[0011] Furthermore the piezoelectric element used for
a piezoelectric pump is poor in thermal resistance. Ac-
cordingly, if the plurality of members are welded and thus
joined together to provide better sealability, how the pi-
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ezoelectric element can be protected as much as possi-
ble from exposure to the heat generated in welding the
members will be an issue. Reducing the quantity of heat
transferred to the piezoelectric element allows the pie-
zoelectric element to be improved in function and as a
result a fluid to be circulated more efficiently.
[0012] The present invention has been made to over-
come such disadvantage as described above and it con-
templates a piezoelectric pump and Stirling refrigerator/
freezer capable of efficiently circulating a fluid in negative
and positive pressure states.

Means for Solving the Problems

[0013] A piezoelectric pump according to the present
invention includes: a casing formed of a plurality of me-
tallic members joined together; a piezoelectric element
dividing an internal space of the casing into first and sec-
ond internal spaces; and non-metallic, first and second
internal components provided between the casing and
the piezoelectric element and holding the piezoelectric
element.
[0014] Preferably the casing is configured of the plu-
rality of metallic components that are welded and thus
joined together. The plurality of metallic components
welded and thus joined together can provide enhanced
durability against leakage of a working medium. As a
result there can be provided a piezoelectric pump usable
for a long period of time in a sealed system operated at
a pressure higher or lower than atmospheric pressure.
Furthermore the non metallic internal components dis-
posed between the metallic casing and the piezoelectric
element can space the piezoelectric element apart from
the casing. Thus, while welding and thus joining the me-
tallic members together causes heat, the internal com-
ponents can reduce or prevent transfer of the heat to the
piezoelectric element.
[0015] Herein, preferably, the first and second internal
components are formed of resin. The first and second
internal components define perimeters of the first and
second internal spaces respectively. The piezoelectric
element is sandwiched to be held between the first and
second internal components.
[0016] Using moldable resin and employing a simple
structure to hold the piezoelectric element allows the pi-
ezoelectric pump to be fabricated at low cost.
[0017] The above piezoelectric pump in one aspect
further includes: an inlet provided on the first internal
component and passing a working medium flowing from
an aspiration pipe external to the casing toward the first
internal space serving as a working space; an outlet pro-
vided on the first internal component and passing the
working medium flowing from the first internal space to-
ward a discharge pipe external to the casing; a first check
valve provided between the inlet and the first internal
space; a second check valve provided between the outlet
and the first internal space; and a plurality of O rings
sealing a gap formed between the first and second inter-

nal spaces and the piezoelectric element and a gap
formed between the inlet and the outlet and the casing,
respectively. Herein preferably the first internal compo-
nent has portions at which the first and second check
valves are set, respectively, and a plurality of grooves
accommodating the plurality of O rings, respectively.
[0018] This configuration can provide the internal com-
ponents of resin with a recess, a groove or the like to
facilitate forming a mount, a groove and/or the like for
mounting or accommodating a check valve, an O ring,
and the like.
[0019] Herein preferably the piezoelectric pump fur-
ther includes a communication portion allowing the sec-
ond internal space serving as a back pressure space to
communicate with one of the inlet and the outlet, and the
communication portion is defined by one of a bore and
a groove formed in the first and second internal compo-
nents.
[0020] The communication portion allows the working
space (or the first internal space) and the back pressure
space (or the second internal space) to be substantially
equal in pressure. Furthermore, providing the internal
components of resin with a groove, a bore or the like can
eliminate the necessity of providing a communication
pipe external to the casing and thus facilitate forming the
communication portion. Consequently a compact piezo-
electric pump allowing a fluid to be circulated efficiently
can be fabricated at low cost.
[0021] Furthermore, preferably the communication
portion communicates with such portions of the plurality
of metallic members that are joined together. This allows
the communication portion to be used as a leak check
bore of the casing.
[0022] The piezoelectric pump in another aspect fur-
ther includes: a first inlet provided on the first internal
component and passing the working medium flowing
from a first aspiration pipe external to the casing toward
the first internal space serving as a working space; a
second inlet provided on the second internal component
and passing the working medium flowing from a second
aspiration pipe external to the casing toward the second
internal space serving as a working space; a first outlet
provided on the first internal component and passing the
working medium flowing from the first internal space to-
ward a first discharge pipe external to the casing; a sec-
ond outlet provided on the second internal component
and passing the working medium flowing from the second
internal space toward a second discharge pipe external
to the casing; first and second check valves provided
between the first and second inlets and the first and sec-
ond internal spaces, respectively; third and fourth check
valves provided between the first and second outlets and
the first and second internal spaces, respectively; and a
plurality of O rings sealing a gap formed between the first
and second internal spaces and the piezoelectric ele-
ment and a gap formed between the first and second
inlets and the first and second outlets and the casing,
respectively. Herein preferably the first and second in-
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ternal components have portions at which the first to
fourth check valves are set, respectively, and a plurality
of grooves accommodating the plurality of O rings, re-
spectively.
[0023] This configuration allows opposite spaces ad-
jacent to the piezoelectric element to be utilized as a
working space. Furthermore this configuration can pro-
vide the internal components of resin with a recess, a
groove or the like to facilitate forming a mount, a groove
and/or the like for mounting or accommodating a check
valve, an O ring, and the like. Consequently a piezoelec-
tric pump allowing a fluid to be circulated efficiently can
be fabricated at low cost.
[0024] Preferably a communication bore is provided to
allow one of the first and second inlets and the first and
second outlets to communicate with such portions of the
metallic members that are joined together.
[0025] This communication bore can be employed as
a leak check bore of the casing.
[0026] The piezoelectric pump in still another aspect
further includes: a first inlet provided on the first internal
component and passing the working medium flowing
from an aspiration pipe external to the casing toward the
first internal space serving as a working space; a second
inlet provided on the second internal component and
passing the working medium flowing from the first inlet
toward the second internal space; a first outlet provided
on the first internal component and passing the working
medium flowing from the first internal space toward a
discharge pipe external to the casing; a second outlet
provided on the second internal component and passing
the working medium flowing from the second internal
space toward the first outlet; a first communication por-
tion defined by one of a bore and a groove formed in the
first and second internal components to allow the first
and second inlets to communicate with each other; a sec-
ond communication portion defined by one of a bore and
a groove formed in the first and second internal compo-
nents to allow the first and second outlets to communicate
with each other; first and second check valves provided
between the first and second inlets and the first and sec-
ond internal spaces, respectively; third and fourth check
valves provided between the first and second outlets and
the first and second internal spaces, respectively; and a
plurality of O rings sealing a gap formed between the first
and second internal spaces and the piezoelectric ele-
ment and a gap formed between the first and second
inlets and the first and second outlets and the casing,
respectively. Herein preferably the first and second in-
ternal components have portions at which the first to
fourth check valves are set, respectively, and a plurality
of grooves accommodating the plurality of O rings, re-
spectively.
[0027] This configuration allows opposite spaces ad-
jacent to the piezoelectric element to be utilized as a
working space. Furthermore the configuration can elim-
inate the necessity of providing a communication pipe
external to the casing to form the first and second com-

munication portions. Furthermore the configuration can
provide the internal components of resin with a recess,
a groove or the like to facilitate forming a mount, a groove
and/or the like for mounting or accommodating a check
valve, an O ring, and the like. Consequently a compact
piezoelectric pump allowing a fluid to be circulated effi-
ciently can be fabricated at low cost.
[0028] Herein one of the first and second communica-
tion portions may be communicated with such portions
of the plurality of metallic members of the casing that are
joined together. This allows the communication portion
to be utilized as a leak check bore of the casing.
[0029] Furthermore there may be provided another O
ring sealing the first or second communication portion at
those surfaces of the first and second internal compo-
nents which are joined together. This ensures that the
first and second communication portions serving as a
path of the working medium are closely sealed.
[0030] Note that the plurality of metallic members form-
ing the casing may have flanges, respectively, and the
flanges may have their respective ends welded together
to form the casing. This allows the piezoelectric element
to be father away from the welded portions to more ef-
fectively reduce the heat that enters the piezoelectric el-
ement.
[0031] A Stirling refrigerator/freezer according to the
present invention has the above described piezoelectric
pump provided at a working-medium circulation circuit
associated with a warm portion.

Effects of the Invention

[0032] The present invention can thus provide a pie-
zoelectric pump that can be used in a sealed system of
negative and positive pressure states for a long period
of time without causing slow leakage.

Brief Description of the Drawings

[0033]

Fig: 1 shows one example of a diagram of a piping
system of a Stirling refrigerator/freezer.
Fig. 2 is a cross section of a piezoelectric pump of
the present invention in first embodiment.
Fig. 3 is a cross section of a piezoelectric pump of
the present invention in second embodiment.
Fig. 4 is a cross section of a piezoelectric pump of
the present invention in third embodiment.
Fig. 5 shows one example of a side cross section of
a Stirling refrigerating machine in a Stirling refriger-
ator/freezer.
Fig. 6 is a cross section of a conventional piezoelec-
tric pump.

Description of the Reference Signs

[0034] 1: Stirling refrigerator/freezer, 2: radiating por-
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tion, 2A-2F: pipe (a circulation circuit associated with a
warm portion), 3: endothermic portion, 3A, 3B: pipe (cir-
culation circuit associated with a cold portion), 4: Stirling
refrigerating machine, 5: evaporator associated with the
warm portion, 6: circulation pump, 7: condenser associ-
ated with the warm portion, 8: fan, 9: dew prevention
pipe, 10: condenser associated with the cold portion, 11:
evaporator associated with the cold portion, 12: fan, 13:
cylinder, 14: piston, 15: displacer, 16: regenerator, 17:
working space, 17A: compression space, 17B: expan-
sion space, 18, 19: heat exchanger, 18A: tube, 20: inner
yoke, 21: movable magnet, 22: outer yoke, 23: linear mo-
tor, 24: piston spring, 25: displacer spring, 26: displacer
rod, 27: back pressure space, 28: leaf spring, 29: balance
mass, 30, 32: casing, 33A, 33B: internal component, 34,
34A, 34B: working space, 35: back pressure space, 36:
piezoelectric element, 37, 37A, 37B: inlet, 38, 38A, 38B:
outlet, 39, 39A, 39B, 40, 40A, 40B: check valve, 41, 41A,
41B: inlet pipe, 42, 42A, 42B: outlet pipe, 43: O ring, 44:
communication portion, 44A: leak check bore, 44B: inlet
communication portion, 44C: outlet communication por-
tion, 45: power supply terminal, 46: flange

Best Mode for Carrying Out the Invention

[0035] Hereinafter reference will be made to Figs. 1-5
to describe an embodiment of a piezoelectric pump and
Stirling refrigerator/freezer in accordance with the
present invention.
[0036] Note that in the present specification, a "refrig-
erator/freezer" represents a concept including all of a "re-
frigerator", a "freezer" and a "refrigerator and freezer".
[0037] Furthermore in the present specification will be
described a Stirling refrigerator/freezer serving as Stirling
engine-mounted equipment equipped with a Stirling re-
frigerating machine. However, Stirling engine-mounted
equipment provided with the piezoelectric pump in ac-
cordance with the present invention is not limited to a
Stirling refrigerator/freezer. The Stirling engine is also
used for example as a power generator.

Description of Stirling Refrigerator/Freezer

[0038] Fig. 1 shows one example of a diagram of a
piping system of a Stirling refrigerator/freezer having a
piezoelectric pump of first to third embodiments of the
present invention, as will be described later, provided at
a working-medium circulation circuit associated with a
warm portion.
[0039] As shown in Fig. 1, Stirling refrigerator/freezer
1 includes: a Stirling refrigerating machine 4 (or a Stirling
engine) having a radiating portion 2 and an endothermic
portion 3; a first circulation circuit associated with a warm
portion (hereinafter also simply referred to as the first
circulation circuit) and including an evaporator 5 associ-
ated with the warm portion and attached to radiating por-
tion 2, a condenser 7 associated with the warm portion,
and pipes 2A and 2B; a second circulation circuit asso-

ciated with the warm portion (hereinafter also simply re-
ferred to as the second circulation circuit) and including
evaporator 5 associated with the warm portion, a circu-
lation pump 6, a dew prevention pipe 9, and pipes 2C,
2D, 2E and 2F; and a circulation circuit associated with
a cold portion and including a condenser 10 associated
with the cold portion and attached to endothermic portion
3, an evaporator 11 associated with the cold portion, and
pipes 3A and 3B. The first circulation circuit associated
with the warm portion cools radiating portion 2 of Stirling
refrigerating machine 4 and the second circulation circuit
associated with the warm portion supplies dew preven-
tion pipe 9 with heat. Furthermore the circulation circuit
associated with the cold portion allows the refrigerator/
freezer’s internal air and endothermic portion 3 of Stirling
refrigerating machine 4 to exchange heat.
[0040] The first and second circulation circuits associ-
ated with the warm portion have water (H2O) or the like
sealed therein as a coolant. Evaporator 5 associated with
the warm portion evaporates the coolant, which is trans-
ferred through pipe 2A (a conduit associated with the
warm portion) to condenser 7 associated with the warm
portion, as indicated in Fig. 1 by a broken arrow. Con-
denser 7 associated with the warm portion allows heat
exchange with external air to condense the coolant. To
facilitate this heat exchange, a fan 8 is provided to cause
a stream of air in a vicinity of condenser 7 associated
with the warm portion. The condensed coolant returns
through pipe 2B (or a return pipe associated with the
warm portion) to evaporator 5 associated with the warm
portion. To thus allow the coolant’s evaporation and con-
densation and resultant natural circulation to be utilized
to transfer heat generated at radiating portion 2, the first
circulation circuit associated with the warm portion has
condenser 7 associated with the warm portion, arranged
to be upper than evaporator 5 associated with the warm
portion. Furthermore, to adjust the coolant’s boiling point,
circulation circuitry has an internal pressure adjusted (or
reduced to substantially provide vacuum).
[0041] Evaporator 5 associated with the warm portion
has a lower portion connected to pipe 2C. From evapo-
rator 5 associated with the warm portion to pipe 2C the
coolant flows in liquid phase. The coolant flowing into
pipe 2C flows through pipe 2D to circulation pump 6 pro-
vided lower than Stirling refrigerating machine 4. Circu-
lation pump 6 discharges the coolant, which is delivered
through pipe 2E to dew prevention pipe 9. Dew preven-
tion pipe 9 passes the coolant, which is held at a relatively
high temperature by the heat provided from radiating por-
tion 2 of Stirling refrigerating machine 4. Accordingly, ar-
ranging dew prevention pipe 9 at a front side of the re-
frigerator/freezer can reduce dew formed at a door of the
refrigerator/freezer and the like. The coolant having
passed through dew prevention pipe 9 flows through pipe
2F back to evaporator 5 associated with the warm portion.
Thus, in the second circulation circuit associated with the
warm portion, forced circulation is performed by circula-
tion pump 6.
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[0042] The circulation circuit associated with the cold
portion has carbon dioxide, hydrocarbon or the like
sealed therein as a coolant. Condenser 10 associated
with the cold portion condenses the coolant, which is
transferred through pipe 3A (a conduit associated with
the cold portion) to evaporator 11 associated with the
cold portion. Evaporator 11 associated with the cold por-
tion evaporates the coolant to exchange heat. To facili-
tate this heat exchange, a fan 12 is provided to cause a
stream of air in a vicinity of evaporator 11 associated with
the cold portion. After the heat exchange, the gasified
coolant returns through pipe 3B (or a return pipe associ-
ated with the cold portion) to condenser 10 associated
with the cold portion. To thus allow the coolant’s evapo-
ration and condensation and resultant natural circulation
to be utilized to transfer cold heat energy generated at
endothermic portion 3, the circulation circuit associated
with the cold portion has evaporator 11 associated with
the cold portion, arranged to be lower than condenser 10
associated with the cold portion. Furthermore, to adjust
the coolant’s boiling point, circulation circuitry has an in-
ternal pressure adjusted (or reduced to substantially pro-
vide vacuum).
[0043] When Stirling refrigerating machine 4 is activat-
ed, radiating portion 2 of Stirling refrigerating machine 4
generates heat, which is subjected to heat exchange with
air through condenser 7 associated with the warm por-
tion. In contrast, endothermic portion 3 of Stirling refrig-
erating machine 4 generates cold heat energy, which is
subjected to heat exchange with the internal air of the
refrigerator/freezer through evaporator 11 associated
with the cold portion. The refrigerator/freezer internally
has a warm stream of air, which is again sent to a vicinity
of evaporator 11 associated with the cold portion, and
repeatedly cooled.

First Embodiment

[0044] Fig. 2 is a cross section of a piezoelectric pump
in a first embodiment.
[0045] The present embodiment provides a piezoelec-
tric pump 6 including a casing 32 formed of a plurality of
metallic members welded together, a piezoelectric ele-
ment 36 dividing an internal space of casing 32 into a
working space 34 (or a first internal space) and a back
pressure space 35 (or a second internal space), and non-
metallic, internal component 33A and 33B (or first and
second internal components) provided between casing
32 and piezoelectric element 36 and holding piezoelectric
element 36.
[0046] Internal components 33A and 33B are formed
of workable and moldable resin. Internal component 33A
defines a perimeter of working space 34 (or a pump
chamber) and internal component 33B defines a perim-
eter of back pressure space 35. Internal components 33A
and 33B are arranged opposite to each other to form a
recess therebetween to receive and thus hold piezoelec-
tric element 36 therein. In other words, internal compo-

nents 33A and 33B sandwich and thus hold piezoelectric
element 36.
[0047] The Fig. 2 example is provided with an inlet 37
provided on internal component 33A to pass a working
medium flowing from an inlet pipe 41 (or an aspiration
pipe) external to casing 32 toward working space 34, an
outlet 38 provided on internal component 33A to pass
the working medium flowing from working space 34 to-
ward an outlet pipe 42 (or a discharging pipe) external
to casing 32, a check valve 39 (or a first check valve)
provided between inlet 37 and working space 34, a check
valve 40 (or a second check valve) provided between
outlet 38 and working space 34, and a plurality of O rings
43 sealing a gap formed between working and back pres-
sure spaces 34 and 35 and piezoelectric element 36 and
a gap formed between inlet and outlet 37 and 38 and an
internal surface of casing 32, respectively. Check valves
39 and 40 are set on mounts (or portions at which the
first and second check valves are set, respectively), re-
spectively, and each O ring 43 is attached in a groove.
The mounts and the groove are provided by previously
working internal components 33A and 33B.
[0048] Piezoelectric pump 6 has a communication por-
tion 44 allowing back pressure space 35 and inlet 37 to
communicate with each other. Communication portion
44 is defined by a bore or groove formed in internal com-
ponents 33A and 33B. Communication portion 44 reach-
es an internal surface of casing 32 and communicates
with such portions of the plurality of metallic members
that are welded together. Note that communication por-
tion 44 may be replaced with a communication portion
allowing back pressure space 35 and outlet 38 to com-
municate with each other.
[0049] To actuate piezoelectric pump 6, an electrical
signal is applied through a power supply terminal 45 to
piezoelectric element 36 to oscillatorily move piezoelec-
tric element 36 rightward and leftward as seen in Fig. 2.
[0050] The above described configuration allows cas-
ing 32 to be configured of a plurality of members welded
and thus joined together to provide increased durability
against leakage of the working medium. As a result there
can be provided piezoelectric pump 6 that can be used
in a sealed system of negative and positive pressure
states for a long period of time. Furthermore, internal
components 33A and 33B of resin that are provided be-
tween metallic casing 32 and piezoelectric element 36
to space piezoelectric electric element 36 apart from cas-
ing 32 can reduce transfer to piezoelectric element 36 of
heat generated as the metallic members are welded to-
gether. Thus piezoelectric element 36 can operate more
efficiently and as a consequence the working medium
can be circulated more efficiently.
[0051] Furthermore, employing moldable resin com-
ponents as internal components 33A and 33B and em-
ploying a simple structure as described above to hold
piezoelectric element 36 allows piezoelectric element 36
to be fabricated at low cost.
[0052] Furthermore the mounts on which check valves
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39 and 40 are set and the grooves accommodating the
plurality of O rings 43 can be formed simply by providing
internal resin components 33A and 33B with a recess, a
groove and the like.
[0053] Furthermore, communication portion 44 allows
working space 34 (or the first internal space) and back
pressure space 35 (or the second internal space) to be
equally maintained in pressure. As a result in negative
and positive pressure states the working medium can be
circulated more efficiently. Note that communication por-
tion 44 can be formed simply by providing internal resin
components 33A and 33B with a groove, a bore and/or
the like and thus eliminate the necessity of a communi-
cation pipe external to the casing. As a result piezoelec-
tric pump 6 can have a compact structure at a low cost.
Furthermore communication portion 44 communicated
with such portions of the plurality of metallic members
that are welded together can be used as a leak check
bore (or a communication bore) of the casing.
[0054] The plurality of metallic members forming cas-
ing 32 have flanges 46, respectively, which have their
respective ends welded together to form casing 32.
Flange 46 allows piezoelectric element 36 to be father
away from the welded portions to more effectively reduce
the heat that enters piezoelectric element 36.

Second Embodiment

[0055] Fig. 3 is a cross section of a piezoelectric pump
in a second embodiment.
[0056] Piezoelectric pump 6 in the present embodi-
ment is an exemplary variation of piezoelectric pump 6
of the first embodiment and is characterized by employ-
ing opposite portions adjacent to piezoelectric element
36 as a pump chamber (or working spaces 34A and 34B).
[0057] As shown in Fig. 3, piezoelectric pump 6 is pro-
vided with an inlet 37A (or a first inlet) provided on internal
component 33A (or a first internal component) to pass a
working medium flowing from an inlet pipe 41 A (or a first
aspiration pipe) external to casing 32 toward working
space 34A (or a first internal space), an inlet 37B (or a
second inlet) provided on an internal component 33B (or
a second internal component) to pass the working me-
dium flowing from an inlet pipe 41B (or a second aspira-
tion pipe) external to casing 32 toward working space
34B (or a second internal space), an outlet 38A (or a first
outlet) provided on internal component 33A to pass the
working medium flowing from working space 34A toward
an outlet pipe 42A (or a first discharging pipe) external
to casing 32, an outlet 38B (or a second outlet) provided
on internal component 33B to pass the working medium
flowing from working space 34B toward an outlet pipe
42B (or a second discharging pipe) external to casing
32, check valves 39A and 39B (or first and second check
valves) provided between inlets 37A and 37B and work-
ing spaces 34A and 34B, respectively, check valves 40A
and 40B (or third and fourth check valves) provided be-
tween outlets 38A and 38B and working spaces 34A and

34B, respectively, and a plurality of O rings 43 sealing a
gap formed between working spaces 34A and 34B and
piezoelectric element 36 and a gap formed between in-
lets and outlets 37A and 37B and 38A and 38B and an
internal surface of casing 32, respectively. Check valves
39A and 39B and 40A and 40B are set on mounts (or
portions at which the first to fourth check valves are set,
respectively), respectively, and each 0 ring 43 is attached
in a groove. The mounts and the groove are provided by
previously working internal components 33A and 33B.
[0058] Piezoelectric pump 6 has a leak check bore 44A
(or a communication bore) provided in internal compo-
nents 33A and 33B and extending from inlets 37A and
37B to reach an internal surface of casing 32 to commu-
nicate such portions of the plurality of metallic members
that are welded together. Note that leak check bore 44A
may be provided only one of internal components 33A
and 33B and may be replaced with a leak check bore
extending from outlets 38A and 38B to reach an internal
surface of casing 32 to communicate such portions of
the plurality of metallic members that are welded togeth-
er.
[0059] The above described configuration as well as
the first embodiment can provide piezoelectric pump 6
at low cost that can be used in a sealed system of neg-
ative and positive pressure states for a long period of
time and provide significantly efficient circulation.
[0060] Furthermore, leak check bore 44A communi-
cated with such portions of the plurality of metallic mem-
bers that are welded together allows the casing to be
checked in whether it has leakage.
[0061] The present embodiment will not be described
in detail for matters similar to those of the first embodi-
ment.

Third Embodiment

[0062] Fig. 4 is a cross section of a piezoelectric pump
in a third embodiment.
[0063] Piezoelectric pump 6 in the present embodi-
ment is an exemplary variation of piezoelectric pump 6
of the first embodiment and is characterized by employ-
ing opposite portions adjacent to piezoelectric element
36 as a pump chamber (or working spaces 34A and 34B).
[0064] As shown in Fig. 4, piezoelectric pump 6 is pro-
vided with inlet 37A (or the first inlet) provided on internal
component 33A (or the first internal component) to pass
a working medium flowing from inlet pipe 41 (or an aspi-
ration pipe) external to casing 32 toward working space
34A (or the first internal space), inlet 37B (or the second
inlet) provided on internal component 33B (or the second
internal component) to pass the working medium flowing
from inlet 37A toward working space 34B (or the second
internal space), outlet 38A (or the first outlet) provided
on internal component 33A to pass the working medium
flowing from working space 34A toward an outlet pipe 42
(or a discharging pipe) external to casing 32, outlet 38B
(or the second outlet) provided on internal component

11 12 



EP 1 813 811 A1

8

5

10

15

20

25

30

35

40

45

50

55

33B to pass the working medium flowing from working
space 34B toward an outlet 38A, an inlet communication
portion 44B (or a first communication portion) defined by
a bore or groove formed in internal components 33A and
33B to allow inlets 37A and 37B to communicate with
each other, an outlet communication portion 44C (or a
second communication portion) defined by a bore or
groove formed in internal components 33A and 33B to
allow outlets 38A and 38B to communicate with each
other, check valves 39A and 39B (or the first and second
check valves) provided between inlets 37A and 37B and
working spaces 34A and 34B, respectively, check valves
40A and 40B (or the third and fourth check valves) pro-
vided between outlets 38A and 38B and working spaces
34A and 34B, respectively, and a plurality of O rings 43
sealing a gap formed between working spaces 34A and
34B and piezoelectric element 36 and a gap formed be-
tween inlets and outlets 37A and 37B and 38A and 38B
and an internal surface of casing 32, respectively. Check
valves 39A and 39B and 40A and 40B are set on mounts
(or portions at which the first to fourth check valves are
set, respectively), respectively, and each O ring 43 is
attached in a groove. The mounts and the groove are
provided by previously working internal components 33A
and 33B.
[0065] Note that inlet communication portion 44B
reaches an internal surface of casing 32 to communicate
with such portions of the plurality of metallic members
that are welded together. This allows inlet communication
portion 44B to be used as a leak check bore. In contrast,
outlet communication portion 44C is sealed by providing
(another) O ring at such surfaces of internal components
33A and 33B that are joined together, as shown in Fig.
4, and thus does not communicate with such portions of
the plurality of metallic components that are welded to-
gether. Alternatively, inlet communication portion 44B
may be sealed and outlet communication portion 44C
may instead be communicated with such welded por-
tions. Thus communicating one of inlet communication
portion 44B and outlet communication portion 44C with
such welded portions and sealing the other by an O ring
can prevent the working medium’s path, i.e., inlets 37A
and 37B and outlets 38A and 38B from communicating
with each other.
[0066] The above described configuration as well as
the first embodiment can provide piezoelectric pump 6
at low cost that can be used in a sealed system of neg-
ative and positive pressure states for a long period of
time and provide significantly efficient circulation.
[0067] Furthermore inlet communication portion 44B
and outlet communication portion 44C can be formed
simply by providing internal resin components 33A and
33B with a groove, a bore and/or the like and thus elim-
inate the necessity of providing a communication pipe
external to the casing. As a result piezoelectric pump 6
can have a compact structure.
[0068] The present invention will not be described in
detail for matters similar to those of the first embodiment.

Description of Stirling Refrigerating Machine

[0069] With reference to Fig. 5, Stirling refrigerating
machine 4 is configured, by way of example, and oper-
ates, as described hereinafter.
[0070] As shown in Fig. 5, the present embodiment
provides Stirling refrigerating machine 4, which is a free
piston type Stirling engine including a casing 30, a cylin-
der 13 assembled to casing 30, a piston 14 and a dis-
placer 15 reciprocating in cylinder 13, a regenerator 16,
a working space 17 having a compression space 17A
and an expansion space 17B, radiating portion 2, endo-
thermic portion 3, a linear motor 23 serving as piston
drive means, a piston spring 24, a displacer spring 25, a
displacer rod 26, and a back pressure space 27.
[0071] In the Fig. 5 example Stirling refrigerating ma-
chine 4 has a shell (or an external wall) which is not con-
figured in the form of a single container. Rather, it is con-
figured mainly of: a casing 30 (or a vessel) adjacent to
back pressure space 27; and radiating portion 2, a tube
18A and endothermic portion 3 adjacent to working space
17. Casing 30 defines back pressure space 27. Casing
30 has cylinder 13, linear motor 23, piston spring 24,
displacer spring 25 and other various components as-
sembled thereto. In the shell a working medium such as
gaseous helium, gaseous hydrogen, gaseous nitrogen
or the like is introduced.
[0072] Cylinder 13 has a generally cylindrical geome-
try and internally, reciprocatably receives piston 14 and
displacer 15 serving as a free piston. In cylinder 13 piston
14 and displacer 15 are coaxially spaced and thus ar-
ranged, and section working space 17 located at an in-
ternal region of cylinder 13 into compression space 17A
and expansion space 17B. More specifically, working
space 17 is a space closer to displacer 15 than that end
surface of piston 14 which is closer to displacer 15, and
between piston 14 and displacer 15 compression space
17A is formed and between displacer 15 and endother-
mic portion 3 expansion space 17B is formed. Compres-
sion space 17A is surrounded mainly by radiating portion
2 and expansion space 17B is surrounded mainly by en-
dothermic portion 3.
[0073] Between compression space 17A and expan-
sion space 17B is arranged regenerator 16 provided by
winding a film on an internal circumferential surface of
tube 18A such that the film’s turns are spaced, as pre-
scribed. Through regenerator 16 compression space
17A and expansion space 17B communicate with each
other. Thus in Stirling refrigerating machine 4 a close
circuit is formed. The closed circuit has the working me-
dium sealed therein, and as piston 14 and displacer 15
operate, the working medium accordingly flows and thus
moves to implement an inverted Stirling cycle, as will be
described later.
[0074] In back pressure space 27 at a location outer
than cylinder 13 linear motor 23 is arranged. Linear motor
23 has an inner yoke 20, a movable magnet 21 and an
outer yoke 22 to drive piston 14 in the axial direction of
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cylinder 13.
[0075] Piston 14 has an end connected to piston spring
24 configured for example of a leaf spring. Piston spring
24 functions as a means for applying elastic force to pis-
ton 14. Applying the elastic force to piston spring 24 al-
lows piston 14 to reciprocate in cylinder 13 more steadily
periodically. Displacer 15 has one end connected to dis-
placer spring 25 by displacer rod 26. Displacer rod 26
penetrates piston 14 and displacer spring 25 is config-
ured of a leaf spring or the like. Displacer spring 25 and
piston spring 24 have their respective peripheral portions
supported by a support member extending from linear
motor 23 toward the back pressure space 27 side with
respect to piston 24 (hereinafter also referred to as "rear-
ward" or the like).
[0076] Opposite to displacer 15 with respect to piston
14, back pressure space 27 surrounded by casing 30 is
provided. Back pressure space 27 includes a circumfer-
ential region provided in casing 30 and surrounding pis-
ton 14, and a rearward region provided in casing 30 and
located on the piston spring 24 side (or a rearward side)
with respect to piston 14. Back pressure space 27 also
contains the working medium.
[0077] Radiating portion 2 and endothermic portion 3
have inner circumferential surfaces, respectively, on
which heat exchangers 18 and 19 are provided, respec-
tively. Heat exchangers 18 and 19 exchange heat be-
tween compression and expansion spaces 17A and 17B
and radiating and endothermic portions 2 and 3, respec-
tively.
[0078] Rearwardly of casing 30 a balance mass 29 is
attached by a leaf spring 28. Balance mass 29 is a mass
member absorbing the vibration of casing 30 caused as
piston 14, displacer 15 and the like oscillate. More spe-
cifically, when piston 14, displacer 15 and the like oscil-
late and casing 30 accordingly vibrates, balance mass
29 vibrates to follow the vibration of casing 30 to reduce
that of Stirling refrigerating machine 4.
[0079] Hereinafter, how Stirling refrigerating machine
4 operates will be described.
[0080] Initially, linear motor 23 is actuated to drive pis-
ton 14. Piston 14 driven by linear motor 23 approaches
displacer 15 to compress a working medium (or a working
gas) in compression space 17A.
[0081] As piston 14 approaches displacer 15, the tem-
perature of the working medium in compression space
17A rises. However, radiating portion 2 liberates exter-
nally the heat generated in compression space 17A.
Therefore, the working medium in compression space
17A is maintained substantially isothermally. In other
words, this process corresponds to an isothermal com-
pression process in an inverted Stirling cycle.
[0082] After piston 14 approaches displacer 15, dis-
placer 15 moves to endothermic portion 3. The working
medium compressed in compression space 17A by pis-
ton 14 flows into regenerator 16, and further into expan-
sion space 17B. At the time, the heat that the working
medium has is accumulated in regenerator 16. In other

words, this process corresponds to a constant volume
cooling process in the inverted Stirling cycle.
[0083] The working medium of high pressure that flows
into expansion space 17B expands as displacer 15
moves towards piston 14 (or rearward). Thus, as displac-
er 15 moves rearward, displacer spring 25 has a center
portion deformed to protrude rearward.
[0084] Thus, as the working medium expands in ex-
pansion space 17B, the working medium in expansion
space 17B decreases in temperature. However, endo-
thermic portion 3 transfers external heat to expansion
space 17B, and expansion space 17B is internally main-
tained substantially isothermally. In other words, this
process corresponds to an isothermal expansion proc-
ess in the inverted Stirling cycle.
[0085] Thereafter, displacer 15 starts to move away
from piston 14. Accordingly, the working medium in ex-
pansion space 17B passes through regenerator 16 and
returns to compression space 17A again. At the time, the
heat accumulated in regenerator 16 is provided to the
working medium, and the temperature of the working me-
dium rises. In other words, this process corresponds to
a constant volume heating process in the inverted Stirling
cycle.
[0086] By repeating the series of processes (the iso-
thermal compression process-the constant volume cool-
ing process-the isothermal expansion process-the con-
stant volume heating process), an inverted Stirling cycle
is formed. As a result, the temperature of endothermic
portion 3 is gradually lowered to cryogenic temperature
(for example of approximately -50°C). In contrast, radi-
ating portion 2 gradually attains a high temperature (for
example of approximately 60°C). As has been described
above, the cold heat energy at endothermic portion 3 is
fed into the refrigerator/freezer via the circulation circuit
associated with the cold portion and the heat at radiating
portion 2 is radiated outside the refrigerator/freezer via
the first and second circulation circuits associated with
the warm portion.
[0087] Thus the embodiments of the present invention
have been described. It should be noted that the features
of the described embodiments may be combined togeth-
er as appropriate. Furthermore the disclosed embodi-
ments are by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims and intended to include any mod-
ifications within the scope and meaning equivalent to the
terms of the claims.

Industrial Applicability

[0088] Thus the present invention is applicable to pie-
zoelectric pumps and Stirling refrigerators/freezers.
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Claims

1. A piezoelectric pump comprising:

a casing (32) formed of a plurality of metallic
members joined together;
a piezoelectric element (36) dividing an internal
space of said casing (32) into first and second
internal spaces (34, 34A, 34B, 35); and
non-metallic, first and second internal compo-
nents (33A, 33B) provided between said casing
(32) and said piezoelectric element (36) and
holding said piezoelectric element (36).

2. The piezoelectric pump according to claim 1, where-
in:

said first and second internal components (33A,
33B) are formed of resin;
said first and second internal components (33A,
33B) define perimeters of said first and second
internal spaces (34, 35), respectively; and
said piezoelectric element (36) is sandwiched
to be held between said first and second internal
components (33A, 33B).

3. The piezoelectric pump according to claim 1, further
comprising:

an inlet (37) provided on said first internal com-
ponent (33A) and passing a working medium
flowing from an aspiration pipe (41) external to
said casing (32) toward said first internal space
(34) serving as a working space;
an outlet (38) provided on said first internal com-
ponent (33A) and passing the working medium
flowing from said first internal space (34) toward
a discharge pipe (42) external to said casing
(32);
a first check valve (39) provided between said
inlet (37) and said first internal space (34);
a second check valve (40) provided between
said outlet (38) and said first internal space (34);
and
a plurality of O rings (43) sealing a gap formed
between said first and second internal spaces
(34, 35) and said piezoelectric element (36) and
a gap formed between said inlet and said outlet
(37 and 38) and said casing (32), respectively,
wherein said first internal component (33A) has
portions at which said first and second check
valves (39, 40) are set, respectively, and a plu-
rality of grooves accommodating said plurality
of O rings (43), respectively.

4. The piezoelectric pump according to claim 3, further
comprising a communication portion (44) allowing
said second internal space (35) serving as a back

pressure space to communicate with one of said inlet
(37) and said outlet (38), wherein said communica-
tion portion (44) is defined by one of a bore and a
groove formed in said first and second internal com-
ponents (33A, 33B).

5. The piezoelectric pump according to claim 3, provid-
ed with a communication bore (44) allowing one of
said inlet (37) and said outlet (38) to communicate
with such portions of said metallic members that are
joined together.

6. The piezoelectric pump according to claim 1, com-
prising:

a first inlet (37A) provided on said first internal
component (33A) and passing the working me-
dium flowing from a first aspiration pipe (4 1 A)
external to said casing (32) toward said first in-
ternal space (34A) serving as a working space;
a second inlet (37B) provided on said second
internal component (33B) and passing the work-
ing medium flowing from a second aspiration
pipe (41B) external to said casing (32) toward
said second internal space (34B) serving as a
working space;
a first outlet (38A) provided on said first internal
component (33A) and passing the working me-
dium flowing from said first internal space (34A)
toward a first discharge pipe (42A) external to
said casing (32);
a second outlet (38B) provided on said second
internal component (33B) and passing the work-
ing medium flowing from said second internal
space (34B) toward a second discharge pipe
(42B) external to said casing (32);
first and second check valves (39A, 39B) pro-
vided between said first and second inlets (37A,
37B) and said first and second internal spaces
(34A, 34B), respectively;
third and fourth check valves (40A, 40B) provid-
ed between said first and second outlets (38A,
38B) and said first and second internal spaces
(34A, 34B), respectively; and
a plurality of O rings (43) sealing a gap formed
between said first and second internal spaces
(34A, 34B) and said piezoelectric element (36)
and a gap formed between said first and second
inlets and said first and second outlets (37A, 37B
and 38A, 38B) and said casing (32), respective-
ly, wherein
said first and second internal components (33A,
33B) have portions at which said first to fourth
check valves (39A, 39B, 40A, 40B) are set, re-
spectively, and a plurality of grooves accommo-
dating said plurality of O rings (43), respectively.

7. The piezoelectric pump according to claim 6, provid-
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ed with a communication bore (44A) allowing one of
said first and second inlets and said first and second
outlets (37A, 37B and 38A, 38B) to communicate
with such portions of said metallic members that are
joined together.

8. The piezoelectric pump according to claim 1, com-
prising:

a first inlet (37A) provided on said first internal
component (33A) and passing the working me-
dium flowing from an aspiration pipe (41) exter-
nal to said casing (32) toward said first internal
space (34A) serving as a working space;
a second inlet (37B) provided on said second
internal component (33B) and passing the work-
ing medium flowing from said first inlet (37A) to-
ward said second internal space (34B);
a first outlet (38A) provided on said first internal
component (33A) and passing the working me-
dium flowing from said first internal space (34A)
toward a discharge pipe (42) external to said
casing (32);
a second outlet (38B) provided on said second
internal component (33B) and passing the work-
ing medium flowing from said second internal
space (34B) toward said first outlet (38A);
a first communication portion (44B) defined by
one of a bore and a groove formed in said first
and second internal components (33A, 33B) to
allow said first and second inlets (37A, 37B) to
communicate with each other;
a second communication portion (44C) defined
by one of a bore and a groove formed in said
first and second internal components (33A, 33B)
to allow said first and second outlets (38A, 38B)
to communicate with each other;
first and second check valves (39A, 39B) pro-
vided between said first and second inlets (37A,
37B) and said first and second internal spaces
(34A, 34B), respectively;
third and fourth check valves (40A, 40B) provid-
ed between said first and second outlets (38A,
38B) and said first and second internal spaces
(34A, 34B), respectively; and
a plurality of O rings (43) sealing a gap formed
between said first and second internal spaces
(34A, 34B) and said piezoelectric element (36)
and a gap formed between said first and second
inlets and said first and second outlets (37A, 37B
and 38A, 38B) and said casing (32), respective-
ly, wherein
said first and second internal components (33A,
33B) have portions at which said first to fourth
check valves (39A, 39B, 40A, 40B) are set, re-
spectively, and a plurality of grooves accommo-
dating said plurality of O rings (43), respectively.

9. A Stirling refrigerator/freezer having the piezoelec-
tric pump (6) of claim 1 at a working-medium circu-
lation circuit associated with a warm portion.
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