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(54) AUTONOMOUS PIEZOELECTRIC POWER GENERATOR

(57) The disclosed system for generating electric en-
ergy comprises a bellows system (1) configured to ex-
pand or contract a bellows (2) based on temperature
changes and/or atmospheric pressure changes and a

piezo generator (4) configured to generate electric ener-
gy by a piezoelectric element (6) elastically deformable
by forces of the expanding or contracting bellows.
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Description

[0001] The present invention relates to a method and
system for providing electric energy for an electric device,
such as a sensor of a lighting system or an emergency
light.
[0002] Many devices use a battery or solar cells for
independent energy supply. However, batteries must be
charged or replaced and solar cells often supply energy
discontinuously.
[0003] EP 2 481 979 A1 discloses a lamp with an au-
tonomous power generator system, which uses lighting
and thermal power of the sun and air pressure generated
by passing vehicles to provide electricity to the lamp. Be-
cause of the various power sources, a stable and con-
tinuous energy supply can be ensured. However, this
system is complex and expensive.
[0004] It is an object of the present invention to over-
come the above-mentioned drawbacks and to provide
an improved power generating system. More specifically,
it is an object of the invention to provide a system and
method, with which a stable and continuous energy sup-
ply can be ensured with low effort and costs.
[0005] This object is achieved by a system and a meth-
od according to the enclosed independent claims. Ad-
vantageous features of the present invention are defined
in the corresponding subclaims.
[0006] According to the present invention, the power
is generated by changes in environmental conditions.
Such changes advantageously are changes in atmos-
pheric pressure and/or temperature and comprises a bel-
low system, in which the bellow expands or contracts
based on temperature changes and/or atmospheric pres-
sure changes. It could even be thought of using changes
in humidity or lighting conditions. The system further in-
cludes and a piezo generator, that generates electric en-
ergy by a piezoelectric element elastically deformed by
the movement of the expanding or contracting bellow.
[0007] Since changes in atmospheric pressure and/or
temperature usually occur during the course of the day
or at least changing weather conditions, a stable and
continuous energy supply can be ensured, especially for
smaller energy consumers, using only a few compo-
nents. The changes in environmental conditions are al-
ways available. Of course, the gradient of the changes
may change, but nevertheless at least a small movement
will be generated that is sufficient to produce electric en-
ergy by the piezo.
[0008] The bellow system can comprise a hermetically
sealed bellow filled with a gas and/or a liquid, which ex-
pands or contracts considerably due to a change of tem-
perature and/or pressure.
[0009] Preferably, the bellow includes or is filled with
liquid and gaseous ethyl chloride having a boiling point
around 12 °C. This ensure that the ration of the liquid an
gaseous portion rather rapidly changes, which ensures
efficient electric energy generation. Of course other gas-
es and liquid my be used as well, but it is preferred, that

their boiling point is in the range of 8°C to 16°C, preferred
10°C to 14°C. The boiling point is referred to under normal
conditions.
[0010] Alternatively or in addition, the system can com-
prise a return spring actuating biasing the piezoelectric
element and/or the bellow in order to counteract to the
movement that is generated by the bellow system.
[0011] A movement is transferred to the piezoelectric
element, when bellow expands or contracts continuous-
ly. To increase the energy generated by the piezoelectric
element, the system can comprise a mechanical convert-
er that increases the frequency of movements applied to
the piezoelectric element. The mechanical converter has
an input member mechanically coupled to the bellow and
moved by the expanding or contracting bellow and is con-
figured to convert one stroke of the input member into a
reciprocal movement applied to the piezoelectric ele-
ment.
[0012] Further, the generator may comprise a plurality
of piezo generators and/or a plurality of bellow systems,
wherein each bellow system provides movements for one
or more piezoelectric elements.
[0013] Alternatively or in addition, the system can com-
prise a capacitor or a battery for storing the electric en-
ergy generated by the piezo generator and a charging
unit for charging the capacitor or the battery by the gen-
erated electric energy.
[0014] In addition, the system can comprise a control
unit for controlling the charging unit, which activates the
charging when the level of the electric energy generated
by the piezo generator exceeds a threshold.
[0015] Preferably, a sensor with low energy consump-
tion can be supplied with energy from the system. Ac-
cording to the present invention, the sensor comprises
at least one of the systems described above.
[0016] According to the present invention, the method
for generating electric energy comprises the steps of:

- generating a movement by an expanding or contract-
ing a bellow of a bellow system based on changes
of environmental conditions, especially temperature
and/or atmospheric pressure changes; and

- generating electric energy by deforming a piezoe-
lectric element of a piezo generator by applying the
movement to the piezoelectric element.

[0017] In addition, a reciprocal movement may be ap-
plied to the piezoelectric element, wherein the method
further comprises the step of modulating the movement
generated by the bellow into said reciprocal movement.
[0018] Alternatively or in addition, the method can fur-
ther comprise the step of charging a capacitor or a battery
by the generated electric energy.
[0019] The method can further comprise the step of
activating the charging when the level of the electric en-
ergy generated by the piezo generator exceeds a thresh-
old.
[0020] Aspects and details of the invention are now
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explained with reference to the accompanying drawing,
wherein:

FIG. 1 shows a system according a first embodiment
of the present invention,

FIG. 2 shows a system according a second embod-
iment of the present invention,

FIG. 3 shows a system according a third embodiment
of the present invention,

FIG. 4 shows a mechanical converter in a fourth em-
bodiment of the present invention,

FIG. 5 shows a sensor device supplied with electric
energy by one embodiment of the present invention,
and

FIG. 6 shows a flowchart of the method according
to an embodiment of the present invention.

[0021] The same features are denoted in the figures
by the same reference signs.
[0022] FIG. 1 shows a schematic structural diagram of
a power generating system according to the present in-
vention. The power generating system shown in FIG. 1
comprises a bellow system 1 having a bellow 2 (pressure
cell) located in a cylinder 3, a piezo generator 4 and a
piston 5 that connects the piezo generator 3 with the bel-
low 2. The bellow is hermetically sealed and filled with
ethyl chloride C2H5Cl, which is a gas at room temperature
but exists in both liquid and gaseous states in the her-
metically sealed bellow 2. The ethyl chloride vaporizes
as the temperature rises above and condenses with a
fall in temperature below its boiling point. The cylinder 3
is not hermetically sealed and filled with atmospheric air.
[0023] Pressure in the bellow 2 depends on ambient
temperature and (to a certain degree) on atmospheric
pressure, wherein pressure increases as temperature
rises and, as a consequence, the bellow 2 expands in
the direction "A" of the double arrow shown in FIG. 1.
Similarly, pressure decreases as temperature drops and
the bellow 2 contracts in the direction "B" of the double
arrow.
[0024] The piezo generator 4 comprises a piezoelec-
tric element 6 fixed to a base 7 and output connectors 8,
9, that output the voltage/energy generated by the pie-
zoelectric bending element 6 when its structure is de-
formed (bent, as shown in the figures). The piezoelectric
element 6 shown in FIG. 1 is bent in direction "A" by the
piston 5 when the bellow 2 moves the piston 5 in the
direction "A" and therefore, applies a respective move-
ment on the piezoelectric bending element 6 via the pis-
ton 5 which causes a force on the piezo element finally
generating a voltage.
[0025] Even if the power generator system of the
present invention is installed outside, the system gener-

ates electrical energy consistently because of changes
in temperature which continuously changes during the
course of the day. The same is true for other environ-
mental conditions.
[0026] In order to compensate fluctuations in the gen-
eration and/or consumption of energy, the system com-
prises a storage means that stores/buffers the generated
energy. The system shown in FIG. 2 further contains a
capacitor 10 connected in parallel to the output connec-
tors 8, 9 and a charging unit 11 for charging the capacitor
10. The charging unit 11 comprises a converter (not
shown), for example a charge pump or boost-converter,
that converts the voltage generated by the piezoelectric
bending element 6 into the charging voltage and a control
unit that controls the charging operation.
[0027] The control unit activates charging when the
level of electric energy (voltage) generated by the piezo-
electric bending element 6 exceeds a first threshold
and/or the energy stored in the capacitor 10 falls below
a second threshold and deactivates the charging when
the level of the electric energy generated by the piezoe-
lectric bending element 6 is below or equal to the first
threshold and/or the energy stored in the capacitor 10
exceeds a third threshold. The first threshold is set based
on efficiency of the converter so that the output power of
the piezoelectric bending element 6 generated during the
charging operation is higher than the power loss of the
converter. The second threshold and/or third threshold
are set based on the capacitance of the capacitor 10 and
the power consumption of a device connected to the out-
put connectors 8, 9.
[0028] In addition, a temporal profile of the power con-
sumption and/or the energy generated by the piezoelec-
tric bending element 6 can be inputted in or predicted by
the control unit, wherein the temporal profile indicates
the expected power consumption and/or production
throughout the day or over another period of time and
the control unit sets the second threshold and/or third
threshold based on the temporal profile(s) in order to
match the energy requirements of the connected device
and the available energy of the system each time.
[0029] In the system shown in FIGS. 1 and 2, the pie-
zoelectric bending element 6 is deformed when the bel-
low 2 moves the piston 5 in the direction "A" and returns
to its original shape when the bellow 2 moves the piston
5 in the direction "B". FIG. 3 shows a power generator
system according to the present invention, with which
the number of deformations per movement is increased.
In FIG. 3, the piston 5 comprises notches 12, in which
the piezoelectric bending element 6 snaps when the pis-
ton 5 is moved in the direction "A" or "B". In this way, a
plurality of individual movements are applied to the pie-
zoelectric element 6 during a long expansions/contrac-
tion period (stroke) is generated, wherein the piston 5
and the notches 12 form a mechanical converter that
converts the movement of one stroke continuously ap-
plied by the expanding or contracting bellow 2 into a re-
ciprocal movement of the piezoelectric element 6.
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[0030] FIG. 4 shows another example of the mechan-
ical converter that comprises an eccentric drive formed
of a gearwheel 14 rotated by the linear movement of the
piston 5 and a shaft 15 that is eccentrically mounted on
the gearwheel 14 und that is inserted in an oblong hole
16 of the piezoelectric element 6. The axis of the gear-
wheel 14 is fixed and the piezoelectric element 6 is bent
back and forth in the directions A and B, when the gear-
wheel 14 is driven by the piston 5 und rotates in the di-
rection A’ or B’.
[0031] FIG. 5 shows a sensor device according an em-
bodiment of the present invention. The sensor device
comprises the power generator system shown in FIG. 3,
in which a battery 17 is used as energy storage means
instead of the capacitor 10, a temperature sensor 18 and
a Near-field communication (NFC) unit 18. The temper-
ature sensor 18 is supplied with power generated by the
generator system as described above, measures ambi-
ent temperature of the sensor device at regular time in-
tervals, and outputs the measured temperature to the
NFC unit 18. The NFC unit 18 stores the temperature
values together with the date and time of the measure-
ment and transmits the stored data to an electronic device
(smartphone or tablet) that request the data using NFC.
The NFC unit 18 can be powered by the generator system
or collect energy from the interrogating radio waves.
[0032] Alternately, the sensor device can comprise the
generator system shown in FIG. 1 and/or the temperature
sensor 18 can measure the temperature only at the time
the level of energy generated by the generator system
exceeds a minimum level, which corresponds to a mini-
mum temperature change.
[0033] Alternatively or in addition, the sensor device
can comprise an air pressure sensor, humidity sensor,
brightness sensor, motion detector and/or a switch that
is controlled by the sensor/detector and with which an
external device (fan or lamp) is switched on or off.
[0034] FIG. 6 shows a very simplistic flowchart show-
ing the single steps performed by the realisation of the
method described in detail above.

Claims

1. System for generating electric energy, comprising

a bellow system (1) configured to expand or con-
tract a bellow (2) of the bellow system (1) based
on changes of environmental conditions, in par-
ticular temperature changes and/or atmospher-
ic pressure changes; and
a piezo generator (4) configured to generate
said electric energy by a piezoelectric element
(6) elastically deformable by the movement of
the expanding or contracting bellow (2).

2. System according to claim 1, wherein
the bellow system (1) comprises a hermetically

sealed bellow (2) that includes gas and/or liquid.

3. System according to claim 2, wherein
the bellow (2) includes a liquid having a boiling point
under normal conditions in the range of 8°C to 16°C,
preferred in the range of 10°C to 14°C, and most
preferred is ethyl chloride having a boiling tempera-
ture of 12°C.

4. System according to anyone of claims 1 to 3, further
comprises
a return spring (13) actuating the piezoelectric ele-
ment (6) and/or the bellow (2).

5. System according to anyone of claims 1 to 4, further
comprises
mechanical converter (5, 12, 14..16) comprising an
input member (5) connected to the bellow (2) and
moveable by the expanding or contracting bellow (2),
wherein the mechanical converter (5, 12, 14..16) is
configured to convert a linear movement of the input
member (5) in one direction into a reciprocal move-
ment and to apply the pulsating force to the output
member (16).

6. System according to anyone of claims 1 to 5, further
comprises

a capacitor (10) or a battery (17) for storing the
electric energy generated by the piezo genera-
tor (4); and
a charging unit (11) for charging the capacitor
(10) or the battery (17) by the generated electric
energy.

7. System according to claim 6, further comprises
a control unit for controlling the charging unit (11),
wherein the control unit is configured to activate the
charging when the level of the electric energy gen-
erated by the piezo generator (4) exceeds a thresh-
old.

8. Sensor device comprising a system according to an-
yone of claims 1 to 7.

9. Method for generating electric energy, comprising
the steps of:

generating a movement by an expanding or con-
tracting bellow of a bellow system based chang-
es of environmental conditions, in particular
temperature and/or atmospheric pressure
changes; and
generating said electric energy by applying said
movement to a piezoelectric element (6) of a
piezo generator (4).

10. The method according to claim 9, wherein
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a reciprocal movement is applied to the piezo-
electric element (6); and the method further
comprises the step of
modulating the movement generated by the bel-
low (2) into said reciprocal movement.

11. The method according to claim 9 or 10, further com-
prises the step of:
charging a capacitor (10) or a battery (17) by the
generated electric energy.

12. The method according to claim 11, further comprises
the step of:
activating charging when the level of the electric en-
ergy generated by the piezo generator (4) exceeds
a threshold.
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