
Europäisches Patentamt

European Patent Office

Office européen des brevets

E
P

 1
 1

01
 9

37
 A

1

Printed by Xerox (UK) Business Services
2.16.7 (HRS)/3.6

(19)

(11) EP 1 101 937 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
23.05.2001  Bulletin 2001/21

(21) Application number: 00929894.4

(22) Date of filing: 26.05.2000

(51) Int. Cl.7: F03G 7/06,  H02N 11/00

(86) International application number:
PCT/JP00/03422

(87) International publication number:
WO 00/73654 (07.12.2000  Gazette 2000/49)

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE

(30) Priority: 26.05.1999 JP 14639299

(71) Applicant:
SEIKO EPSON CORPORATION
Tokyo 160-0811 (JP)

(72) Inventor: MIYAZAWA, Kenichi
Suwa-shi, Nagano 392-8502 (JP)

(74) Representative:
Sturt, Clifford Mark et al
Miller Sturt Kenyon
9 John Street
London WC1N 2ES (GB)

(54) METHOD AND DEVICE FOR CONVERTING THERMAL ENERGY AND DEVICE WITH THE
THERMAL ENERGY CONVERTING DEVICE

(57) A thermal energy conversion device includes a
heat converter composed of a medium containing por-
tion (10) that does not substantially change in capacity
and a variable portion (11) that is changeable in capac-
ity, an operating portion composed of a piston (13), a
pivot lever (15), and a driving lever (16), a first conver-
sion and storage portion formed of a movement barrel
(21), and a second conversion and storage portion
formed of a power generator (30). When the ambient
temperature changes, heating medium contained in the
medium containing portion (10) changes in volume, and
the capacity of the variable portion (11) is changed,
thereby operating the piston (13). Motion of the piston
(13) is stored in a mainspring disposed in the movement
barrel (21) via the pivot lever (15) and the driving lever
(16), and power is generated in the power generator
(30).
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Description

Technical Field

[0001] The present invention relates to a thermal
energy conversion device, a unit having the device, and
a thermal energy conversion method, and more particu-
larly, relates to the configuration of a thermal energy
conversion device for deriving energy based on
changes in pressure or volume of heating medium due
to changes in temperature.

Background Art

[0002] A table clock called "Atmos" from Jaeger-
LeCoultre is known as a timepiece in which dynamic
energy is obtained by using changes in outside air tem-
perature. Inside this table clock, a deformable sealed
container is placed so as to contain ethyl chloride as
heating medium in a state which is a mixture of a gase-
ous phase and a liquid phase. When the internal pres-
sure of the sealed container is changed due to a change
in temperature, the sealed container is deformed, and a
mainspring is wound up by the deformation, thereby
storing energy for driving pointers.
[0003] In contrast, techniques for obtaining driving
energy for a timepiece by converting thermal energy
into dynamic energy in response to a change in ambient
temperature, in a manner similar to that of the above-
described table clock, are disclosed in, for example,
Japanese Unexamined Patent Applications Publication
Nos. H6-341371 and H10-14265. Both of these tech-
niques adopt a structure in which liquid and gas are
contained as heating media in a sealed container hav-
ing an expandable bellows, and a driving lever is con-
nected to the sealed container. When the sealed
container expands and contracts in response to
changes in outside air temperature, the driving lever
also moves reciprocally, and rotational motion is gener-
ated by a gear meshed with the driving lever. When the
rotational motion is transmitted to a rotor of a power
generator either directly or via a mainspring or the like,
power is generated in the power generator. The gener-
ated electrical energy is then stored in a capacitor, a
secondary battery, or the like.
[0004] In the above techniques, however, since the
temperature of outside air generally changes relatively
slowly, deformation of the sealed container is consider-
ably slow. As a result, it is difficult to efficiently derive
dynamic energy from the deformation of the sealed con-
tainer.
[0005] That is, in the above-described table clock,
Atmos, since a coil spring for pressing the sealed con-
tainer has great elastic force and since the amount of
deformation of the sealed container is limited in order to
improve pressure resistance of the sealed container, it
is impossible to respond to a sudden change in outside
air temperature. Moreover, it is also impossible to derive

energy from slight changes in the outside air tempera-
ture.

[0006] In the techniques described in the above
publications, in order to efficiently convert thermal
energy, deformation of the sealed container is
restrained until the outside air temperature changes by
some amount, and the restraint force is suddenly
released when the amount of change in temperature
exceeds a predetermined value, thereby rapidly and
greatly deforming the sealed container so as to gener-
ate dynamic energy. In this case, it is possible to
improve energy conversion efficiency of the power gen-
erator, whereas, when rapid increase and decrease in
temperature are caused (for example, when the temper-
ature rises rapidly and then falls rapidly), the tempera-
ture returns to its initial temperature before the sealed
container is released. This does not allow dynamic
energy to be obtained. In a case in which the tempera-
ture changes slowly, it takes a considerably long time
before deriving of thermal energy is started. Further-
more, when the temperature rises and falls before ther-
mal energy can be derived, even if heat is conducted
into and out of the sealed container with the rise and fall
of the temperature, dynamic energy cannot be derived
based on the movement of the heat. Therefore, in the
conventional methods, most of the energy, which is sup-
posed to be obtained, cannot be derived and is lost.

Disclosure of Invention

[0007] The present invention aims to solve various
problems in the above-described techniques.
[0008] That is, an object of the present invention is
to provide a device or method which allows energy in an
available form to be quickly or reliably derived even
based on a slow temperature change, such as a change
in air temperature.
[0009] Another object of the present invention is to
provide a device or method which can satisfactorily
respond to a rapid change in ambient temperature and
which can reliably derive energy even when a tempera-
ture rise and a temperature fall are almost simultane-
ously caused within a short period.
[0010] A further object of the present invention is to
provide a device or method which is highly responsive
to various manners of change in ambient temperature
and which can efficiently derive energy, for example,
which can derive energy with high efficiency over a wide
range of rates of change in ambient temperature.
[0011] In order to overcome the above problems, a
thermal energy conversion device of the present inven-
tion includes: a heat converter having a sealed con-
tainer for containing a heating medium which changes
in volume in response to a change in temperature, said
sealed container having a medium containing portion,
which does not substantially change in capacity, and a
variable portion connected to the medium containing
portion so as to change in capacity; and an operating
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portion to be operated in response to a change in
capacity of the variable portion. According to the
present invention, since the variable portion capable of
changing in capacity is connected to the medium con-
taining portion, which does not substantially change in
capacity, in the heat converter, when heat is exchanged
between the heating medium in the medium containing
portion and the outside, the volume of the heating
medium changes and causes a change in capacity of
the variable portion. In this case, since the medium con-
taining portion does not substantially change in capac-
ity, operations brought about by the capacity change of
the heating medium in the medium containing portion
are concentrated on the variable portion. This substan-
tially changes the capacity of the variable portion. As a
result, it is possible to sensitively and quickly deform the
variable portion in response to a considerably slow and
slight temperature change, such as a change in ordi-
nary outside air temperature, and in response to a rapid
temperature change caused when the device is moved
from indoors to outdoors and is returned again to
indoors, or when the device is placed out of close con-
tact with the skin and is then put into close contact
therewith again, thereby deriving dynamic energy of the
operating portion from the deformation. This allows
greater energy to be derived than was possible previ-
ously. Since a large amount of change in capacity of the
variable portion is ensured even when operation thereof
is not temporarily restrained, as described in the above
publications, or even when the range of change in tem-
perature for limiting the operation is reduced (a set
value of the temperature range (temperature difference)
for removing the restraint of operation is decreased), it
is possible to efficiently derive energy.

[0012] In the above heat converter, the description
"the capacity of the medium containing portion does not
substantially change" means that the capacity of the
medium containing portion may be changed to a lower
degree than that of the variable portion which changes
in capacity in response to the change in volume of the
heating medium. The above operating portion refers to
a portion that is operated in response to a change in
capacity of the variable portion, and refers to all the
operating portions mechanically connecting the variable
portion and a storage means for storing dynamic energy
of the operating portion when the storage means is con-
nected to the operating portion. Therefore, the operat-
ing portion may be formed of a single component or a
plurality of connected members.
[0013] Alternatively, the medium containing portion
and the variable portion may be separately formed and
be connected to each other, or may be integrally
formed. In a case in which the medium containing por-
tion and the variable portion are integrally formed, for
example, the medium containing portion may be formed
so that it is thick and so that its volume does not sub-
stantially change even when the volume of the heating
medium contained in the medium containing portion

increases or decreases with temperature. In contrast,
the variable portion may be formed so that it is thin and
so that it is easily changed in capacity and deformed by
the increase or decrease in volume of the heating
medium.

[0014] The medium containing portion may be
made of any material that is substantially rigid and has
a high thermal conductivity. For example, an aluminum
alloy, a copper alloy, a silver alloy, a gold alloy, and the
like, which will be described later, are preferable. The
variable portion may be made of any material that is
likely to change in capacity in response to expansion or
contraction of the heating medium due to a temperature
change. For example, highly elastic materials, such as
rubber, plastic, and a thin elastic metal, which will be
described later, are preferable.
[0015] The heating medium may be any material
that expands or contracts and changes in volume due to
a change in temperature. In general, it is preferable that
the heating medium be a substance which is in a gas
phase or a liquid phase at ordinary temperatures and at
ordinary pressures. For example, ammonia, carbon
dioxide, and ethylene chloride are preferable. Oxygen,
nitrogen, and air may also be used. Alternatively, the
heating medium may be an elastic solid which is sub-
stantially deformed due to changes in temperature, or
be a substance containing a mixture of at least more
than two of a gas, a liquid, and a solid.
[0016] It is preferable that the surface of the
medium containing portion be uneven. Since the sur-
face area of the medium containing portion is increased
by having such an uneven form, heat exchange
between the heating medium and the outside is pro-
moted. The heat exchange can be further promoted by
forming a through portion penetrating the medium con-
taining portion.
[0017] In the present invention, it is preferable that
the capacity of the variable portion be less than that of
the medium containing portion. Since the amount of
change in capacity (amount of deformation) of the vari-
able portion can be further increased by setting the
capacity of the variable portion to be less than that of
the medium containing portion, it is possible to further
improve responsivity to temperature changes and to
improve sensitivity to temperature changes.
[0018] In the present invention, it is preferable that
the medium containing portion be extended. Since the
ratio of the surface area of the medium containing por-
tion to the capacity can be increased by making the
medium containing portion extended, it is possible to
increase the amount of heat conducted into and out of
the medium containing portion and to further improve
responsivity and sensitivity to a temperature change. In
this case, it is particularly preferable to use a pipelike
(tubular) medium containing portion. In order to make
the medium containing portion compact, it is preferable
that the outer surface of the extended medium contain-
ing portion have a dense integrated structure.
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[0019] In the present invention, it is preferable that
the extended medium containing portion be curved.
Since the extended medium containing portion is
curved, the device can be made compact, and the
medium containing portion can be formed in an appro-
priate shape in accordance with the structure of the
device and the like. This makes it possible to flexibly
respond to various arrangement circumstances and to
allow applications to small devices and portable
devices. In this case, in particular, in a case in which the
medium containing portion is pipelike (tubular), it is pref-
erable that the medium containing portion be wound. In
order to make the medium containing portion compact,
it is preferable that the outer surface of the extended
medium containing portion be provided with a dense
integrated structure by curving the extended medium
containing portion.

[0020] In the present invention, it is preferable that
the variable portion protrude from the medium contain-
ing portion and that the sectional area of the variable
portion taken along a plane orthogonal to the protruding
direction of the variable portion be less than the sec-
tional area of the medium containing portion taken
along the plane in an area connected to the variable
portion. In other words, it is preferable that the sectional
area taken along a plane orthogonal to a direction from
the medium containing portion toward the variable por-
tion be reduced in the medium containing portion. When
the variable portion protrudes outward from the medium
containing portion and the sectional area thereof is less
than that of the medium containing portion, it is possible
to further increase the amount of deformation of the var-
iable portion based on a change in volume in the pro-
truding direction and to further increase the amount of
dynamic energy to be transmitted to the operating por-
tion. In this case, in order to increase the amount of
energy to be derived, it is more preferable that the vari-
able portion be deformable (or expandable) only in the
above protruding direction.
[0021] In the present invention, it is preferable that
the variable portion be expandable in a predetermined
direction and that the operating portion be reciprocally
movable in the predetermined direction in response to
expansion and contraction of the variable portion. When
the variable portion is expandable in a predetermined
direction and the operating portion is reciprocally mova-
ble in the predetermined direction, dynamic energy gen-
erated by deformation of the variable portion due to a
change in capacity can be derived only in the predeter-
mined direction. This makes it possible to increase the
operation stroke of the operating portion and to thereby
derive energy more efficiently.
[0022] In the present invention, it is preferable to
further include a storage means for storing the dynamic
energy of the operating portion. In this case, it is prefer-
able that the storage means store the dynamic energy
of the operating portion after converting the dynamic
energy into another form of energy. In a case in which

the operation manner of the operating portion is not
suited to continuous supply of energy, energy derived
from the operating portion is stored in the storage
means, and the stored energy can be thereby continu-
ously supplied. The storage means includes a means
for storing dynamic energy after converting the dynamic
energy into strain energy of an elastic member, such as
a mainspring, a coil spring, or a torsion spring, a means
for storing dynamic energy after converting the dynamic
energy into potential energy in accordance with the
raised position of a weight or the like, a means for stor-
ing dynamic energy after converting the dynamic
energy into rotation moment of a rotating member, such
as a flywheel, and a means for storing dynamic energy
after converting the dynamic energy into electrical
energy by using a power generator or a piezoelectric
device.

[0023] In the present invention, it is preferable that
the storage means have a first storage portion for tem-
porarily storing dynamic energy of the operating portion,
and a second storage portion for converting and storing
the energy output from the first storage portion.
Dynamic energy of the operating portion to be operated
in response to a change in capacity of the variable por-
tion is converted and temporarily stored in the first stor-
age portion, and the energy output from the first storage
portion is stored again in the second storage portion.
This makes it possible to temporarily store energy in the
first storage portion, which is responsible to the opera-
tion manner of the operating portion or is suited to the
operation manner of the operating portion with respect
to conversion efficiency, even when the operation man-
ner of the operating portion does not readily improve the
efficiency of energy conversion, for example, when the
action of the operating portion produced by a change in
ambient temperature is irregular, or when the amount of
action substantially varies with time, and to store the
energy output from the first storage portion after con-
verting the energy again into a desired form of energy or
a more available form of energy. This allows both
improvement of energy deriving efficiency and broaden-
ing of the range of choice of forms of energy.
[0024] In the present invention, it is preferable that
the change in energy conversion efficiency of the first
storage portion with respect to the amount of input
energy be gentler than that of the second storage por-
tion. When the change in energy conversion efficiency
of the first storage portion with respect to the amount of
input energy is gentler than that of the second storage
portion, it is possible to respond over a broad range to
an increase in amount of input energy due to a rapid
temperature change and a decrease in amount of input
energy due to a slow temperature change, and to
improve energy deriving efficiency. Furthermore, the
range of choice of means for converting and storing
energy can be extended by converting the energy again
by the second storage portion.
[0025] In the present invention, it is particularly pref-
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erable that the energy conversion efficiency of the first
storage portion with respect to a small amount of
energy be higher than that of the second storage por-
tion. Since ordinary changes in ambient temperature
are considerably slow in general, the amount of energy
to be input to the first storage portion is also considera-
bly small in ordinary cases. Even a small amount of
energy can be continuously converted and stored by
using the first storage portion having a high conversion
efficiency for a small amount of energy, and this can
increase the total amount of energy which can be
derived.

[0026] For example, in the power generator for con-
verting dynamic energy into electrical energy, manage-
able energy can be obtained, whereas the energy
conversion efficiency rapidly decreases when the
amount of dynamic energy to be input decreases. In
contrast, in a case in which the mainspring is wound up
by input energy, mechanical loss is inevitable, whereas
the conversion efficiency can be maintained even when
a small amount of input energy is applied.
[0027] In the present invention, it is preferable to
further include a control means for controlling the
amount of energy to be fed from the first storage portion
to the second storage portion. Since the amount of
energy to be fed from the first storage portion to the sec-
ond storage portion can be controlled by the control
means, the amount of energy to be temporarily stored in
the first storage portion and the energy conversion
speed of the second storage portion can be adjusted,
as necessary. Therefore, for example, the energy con-
version efficiency of the overall device can be improved
by controlling the amount of energy to be fed from the
first storage portion within the range of feeding speeds
that allow a superior energy conversion efficiency of the
second storage portion. In a case in which there is pro-
vided a working section (energy consuming portion) for
consuming the energy stored in the second storage por-
tion, only energy necessary for the working section can
be fed to the second storage portion to be converted.
Furthermore, in a case in which the working section for
consuming energy is placed between the first storage
portion and the second storage portion, the operating
state of the working section can be controlled by con-
trolling the amount of energy to be fed from the first stor-
age portion to the second storage portion.
[0028] In the present invention, it is preferable that
the control means control the feeding amount so as to
reduce changes in the amount of energy to be stored in
the second storage portion and that the second storage
portion be connected to an energy consuming portion
for consuming the energy stored in the second storage
portion. When changes in amount of energy to be
stored in the second storage portion are reduced by the
control means, the first storage portion has an effective
buffer action in the flow path of energy to the energy
consuming portion. For example, the amount of energy
stored in the second storage portion increases or

decreases in accordance with the amount of energy
consumed by the energy consuming portion, and,
according to the increase or decrease, the amount of
energy to be fed from the first storage portion to the sec-
ond storage portion decreases or increases. Therefore,
in a case in which there is a limit to the amount of
energy to be stored in the first storage portion and the
second storage portion, energy storage ability of the
overall system can be efficiently used, and the amount
of energy which can be derived by the overall system
can be substantially increased.

[0029] In the present invention, it is preferable that
the control means exert control so that the feeding
amount is constant. When control is exerted so that the
amount of energy to be fed from the first storage portion
to the second storage portion is constant, it is possible
to carry out stable energy conversion in the second stor-
age portion and to thereby efficiently derive energy. For
example, the amount of practically available energy can
be increased by setting the energy feeding amount in
accordance with the conversion speed that allows the
highest energy conversion efficiency of the second stor-
age portion.
[0030] In a case in which a driven portion for con-
suming energy is placed between the first storage por-
tion and the second storage portion and is driven in an
operation manner in accordance with the feeding
amount of energy, the working state (operation manner)
of the driven portion can be maintained constant by
controlling the amount of energy to be fed from the first
storage portion to the second storage portion. Accord-
ingly, it is possible to construct a timepiece having a
pointer as the driven portion, in which energy is trans-
mitted from the first storage portion to the second stor-
age portion at a constant rate of rotation.
[0031] In the present invention, it is preferable that
the first storage portion be a mechanical energy storage
means for converting dynamic energy of the operating
portion into mechanical energy, such as strain energy,
potential energy, or rotational energy, and temporarily
storing the converted energy, and that the second stor-
age portion have a power-generating means for con-
verting energy output from the first storage portion into
electrical energy and a storage means for storing the
electrical energy obtained from the power-generating
means. The first storage portion may include a means
for storing dynamic energy after converting the dynamic
energy into elastic strain energy by using an elastic
member, such as a mainspring, a coil spring, or a tor-
sion spring, a means storing dynamic energy after con-
verting the dynamic energy into potential energy of a
weight, and a means for storing dynamic energy after
converting the dynamic energy into rotation moment by
using a flywheel or the like. The second storage means
may include a means, such as a power generator or a
piezoelectric device, for storing energy after converting
the energy into electrical energy.
[0032] The above-described thermal energy con-
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version device of the present invention is applicable to
various devices. In various devices having a working
section for consuming energy, a change in capacity of a
variable portion connected to a medium containing por-
tion caused by a change in ambient temperature is
derived as dynamic energy of an operating portion, and
the working section can be driven by using the energy in
an unchanged form or after being appropriately con-
verted into another form of energy. Examples of the
devices are electronic devices to be operated by electri-
cal energy converted from thermal energy, timepieces
directly utilizing dynamic energy converted from thermal
energy, and timepieces to be driven by using electrical
energy Converted from thermal energy. While portable
devices require a battery or the like as an energy
source, the use of the present invention can eliminate
the need for an energy source itself, or can eliminate the
need to replace the energy source by appropriately
resupplying energy to the energy source.

[0033] In the present invention, it is preferable that a
case member be provided to house the thermal energy
conversion device and that the medium containing por-
tion be placed along the inner surface of the case mem-
ber. Components other than the thermal energy
conversion device may be housed in the case member,
as necessary. Since heat can be efficiently exchanged
between the medium containing portion and the case
member by placing the medium containing portion
along the inner surface of the case member, it is possi-
ble to improve responsivity and sensitivity to changes in
ambient temperature.
[0034] In the present invention, it is preferable that
the case member and the outer wall of the medium con-
taining portion be in close contact with each other or be
integrally formed. When the case member and the outer
wall of the medium containing portion are in close con-
tact with each other or are integrally formed, heat can
be more efficiently exchanged between the medium
containing portion and the outside. This further
improves responsivity and sensitivity to changes in
ambient temperature. It is preferable that the surface in
close contact with the case member or the outer wall
formed integrally with the case member be uneven so
as to increase the contact area (the area in close con-
tact) or the surface area. When the close contact sur-
face is uneven, it is preferable that the medium
containing portion and the case member be engaged
with each other through the uneven surface.
[0035] In the present invention, it is preferable that
the case member be provided with a heat path extend-
ing from the outer surface of the case member to a posi-
tion facing the medium containing portion and having a
higher thermal conductivity than that of other portions.
Since heat is conducted in and out preferentially
through the heat path having a high thermal conductivity
in the medium containing portion, thermal energy can
be selectively derived by contacting the outer surface of
the case member having the heat path with a specific

heat source (e.g., the outside air). In a portable device
such as a wristwatch, or in an accessory (jewelry or the
like), it is preferable that the heat path extend from a
portion of the outer surface of the casing member of the
device, other than the portions in contact with the body
and clothing, which is exposed to outside air, toward the
medium containing portion.

[0036] In the present invention, it is preferable that
the case member selectively have an uneven shape on
a portion of the outer surface facing the medium con-
taining portion. Since an uneven shape is selectively
provided on a portion of the outer surface of the case
member facing the medium containing portion, the sur-
face area of the case member is selectively increased at
the portion of the outer surface. This allows heat to be
conducted into and out of the medium containing por-
tion preferentially through that portion.
[0037] In the present invention, it is preferable that a
portion of the case member adjacent to the medium
containing portion selectively have a heat-insulating
portion having a lower thermal conductivity than that of
other portions. When the heat-insulating portion is
selectively formed, heat exchange between the medium
containing portion and the outside is hindered at the
portion with the heat-insulating portion. Therefore, in a
case in which a portion of the outer surface of the case
member is in contact with a heat source, which barely
change in temperature, changes in temperature of the
medium containing portion are prevented from being
restrained by the thermal influence of the portion, and
the amount of energy to be derived is prevented from
being reduced. For example, in the case of a portable
device such as a wristwatch, or an accessory (jewelry or
the like), changes in temperature of the medium con-
taining portion can be prevented from being hindered by
the influence of body heat, clothing, and the like by
selectively forming a heat-insulating portion in a part of
the case member in contact with the body and clothing.
[0038] In a thermal energy conversion method of
the present invention, a heat converter is formed so as
to have a sealed container for containing a heating
medium that changes in volume in response to a tem-
perature change, and the sealed container has a
medium containing portion that does not substantially
change in capacity and a variable portion connected to
the medium containing portion so as to be changeable
in capacity. A change in volume is caused in the variable
portion by changing the internal temperature of the
medium containing portion based on a change in out-
side air temperature, and dynamic energy is generated
by the change in volume.
[0039] In another thermal energy conversion
method of the present invention, a heat converter is
formed to have a sealed container for containing a heat-
ing medium that changes in volume in response to a
temperature change, and the sealed container has a
medium containing portion that does not substantially
change in capacity and a variable portion connected to
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the medium containing portion so as to be changeable
in capacity. A change in volume is caused in the variable
portion by shifting the medium containing portion from a
state in which it is in thermal contact with a first heat
source to a state in which it is in thermal contact with a
second heat source having a different temperature from
that of the first heat source, and dynamic energy is gen-
erated by the change in volume.

[0040] For example, in a case in which a portable
device, an accessory (for example, jewelry), or the like
having the heat converter therein is worn, the medium
containing portion is in thermal contact with the body,
clothing, or the like (first heat source). When the porta-
ble device, the accessory, or the like is not worn, the
medium containing portion is in thermal contact with the
outside air, a table, the floor, or the like (second heat
source). In general, a certain temperature difference is
created between the states in which the device is worn
and in which it is not worn. The variable portion is
deformed due to a temperature change every time the
portable device (e.g., a portable telephone or a wrist-
watch) and the accessory are put on or are taken off,
thereby deriving dynamic energy.
[0041] In a more specific thermal energy conver-
sion method of the present invention, a heat converter is
formed to have a sealed container for containing a heat-
ing medium that changes in volume in response to a
temperature change, the sealed container has a
medium containing portion that does not substantially
change in capacity and a variable portion connected to
the medium containing portion so as to be changeable
in capacity. A first outer face portion to be contacted
with a first heat source and a second outer face portion
to be contacted with a second heat source, which
changes in temperature to a greater degree than that of
the first heat source, are formed on the periphery of the
medium containing portion, and heat exchange effi-
ciency between the outside and the medium containing
portion via the first outer face portion is lower than the
heat exchange efficiency between the outside and the
medium containing portion via the second outer face
portion.
[0042] For example, in the case of a portable device
such as a wristwatch, or an accessory (jewelry or the
like), thermal conductivity of a portion of the case (e.g.,
a case back) having the first outer face portion in con-
tact with the body and clothing is set to be lower than
that of a portion of the case (e.g., the rim of a timepiece
case) having the second outer face portion exposed to
the outside air. This makes it possible to reliably trans-
mit a change in outside air temperature into the medium
containing portion, to allow the temperature of the
medium containing portion to follow a change in the out-
side air temperature without being hindered by a steady
thermal environment such as that of the body and cloth-
ing, and to derive energy with high efficiency.

Brief Description of the Drawings

[0043]

Fig. 1 is a general structural view of a thermal
energy conversion device according to a first
embodiment of the present invention.
Fig. 2 is a general structural view of a thermal
energy conversion device according to a second
embodiment of the present invention.
Fig. 3 is a general structural view showing the con-
figuration of a modification of the second embodi-
ment.
Figs. 4(a) to 4(c) are general perspective views
showing modifications of the principal part of the
thermal energy conversion device according to the
present invention.
Fig. 5 is a general sectional view showing the struc-
ture of a movement barrel for use in the embodi-
ments of the present invention.
Fig. 6 is a general structural view showing the elec-
trical configuration of a first application to which the
embodiments of the present invention are applied.
Fig. 7 is a general structural view showing the elec-
trical configuration of a second application to which
the embodiments of the present invention are
applied.
Fig. 8 is a general sectional view showing the inner
structure and layout of a third application to which
the embodiments of the present invention are
applied.
Fig. 9 is a general sectional view showing the inner
structure and layout of a fourth application to which
the embodiments of the present invention are
applied.
Fig. 10 is a general sectional view showing the
inner structure and layout of a fifth application to
which the embodiments of the present invention are
applied.
Fig. 11 is a general sectional view showing the
inner structure and layout of a sixth application to
which the embodiments of the present invention are
applied.
Fig. 12 is a general sectional view showing the
inner structure and layout of a seventh application
to which the embodiments of the present invention
are applied.
Fig. 13 is a general sectional view showing the
inner structure of an eighth application of the
present invention.
Fig. 14 is a general transverse sectional view show-
ing the inner plan structure of the eighth applica-
tion.
Fig. 15 is a general sectional view showing the
inner structure of a ninth application of the present
invention.
Fig. 16 is a general transverse sectional view show-
ing the inner plan structure of the ninth application.
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Fig. 17 is a general flowchart showing a thermal
energy conversion method according to an embod-
iment (third embodiment) of the present invention.

Fig. 18 is a general flowchart showing a thermal
energy conversion method according to an embod-
iment (fourth embodiment) of the present invention.

Best Mode for Carrying Out the Invention

[0044] Embodiments of a thermal energy conver-
sion device, a unit having the device, and a thermal
energy conversion method according to the present
invention will be described below in detail with reference
to the drawings.

[First Embodiment]

[0045] Fig. 1 is a general structural view of a ther-
mal energy conversion device according to a first
embodiment of the present invention. In this embodi-
ment, a medium containing portion 10 and a variable
portion 11 are heat converters having a sealed con-
tainer structure so as to contain heating medium
therein. In this embodiment, thermal energy is derived
based on changes in temperature by using the heat
converter so as to operate an operating portion, and
energy is derived from the operating portion via a trans-
mitting section for energy transmission and a converting
section for energy conversion.
[0046] The medium containing portion 10 is basi-
cally made of a rigid material, such as a metal that will
be described later, which does not substantially change
in capacity due to a change in pressure of heating
medium contained therein. The variable portion 11 is
deformable in accordance with the pressure of heating
medium therein. Therefore, a change in pressure of the
heating medium contained in the medium containing
portion 10 changes the volume and shape of the varia-
ble portion 11 connected to the medium containing por-
tion 10.
[0047] The medium containing portion 10 is shaped
like an extended pipe and is placed in a spiral form. The
medium containing portion 10 is closed at the tail end
and is connected to the expandable variable portion 11
at the base end. The variable portion 11 is formed of a
tubular bellows container and is made of a highly elastic
material, such as rubber, plastic, or thin metal. The var-
iable portion 11 is more likely to be deformed in the lon-
gitudinal direction (axial direction) than in the radial
direction. In general, it is preferable that the variable
portion have a highly elastic container structure that is
more likely to deform in a predetermined direction than
in other directions.
[0048] The variable portion 11 is housed in a cylin-
der 12. A piston 13 is movably placed inside the cylinder
12, and one side thereof is in contact with the variable
portion 11. An elastic member 14, such as a coil spring,
is held on the other side of the piston 13 so as to press

the piston 13 against the variable portion 11. The piston
13 has a driving shaft 13a protruding from the cylinder
12. The driving shaft 13a is rotatably connected to a
driven end 15b of a pivot lever 15 that is able to pivot on
a pivot shaft 15a. The pivot lever 15 has a driving end
15c on the side opposite from the driven end 15b, and
the driving end 15c has a slot 15d. The slot 15d passes
a connecting shaft 16a formed at the end of a driving
lever 16 therethrough, thereby pivotally connecting the
pivot lever 15 to the driving lever 16.

[0049] The driving lever 16 is guided by a bearing
17 so as to linearly move in the axial direction. An elas-
tic member 18, such as a compressed coil spring, is in
contact with an end portion 16b of the driving lever 16,
and the driving lever 16 is pressed by the elastic mem-
ber 18 toward the connecting shaft 16a. In this case, the
end portion 16b may be engaged with an elastic mem-
ber, such as a torsion spring, so that the driving lever 16
is drawn toward the end portion 16b by the elastic mem-
ber. A rack 16c extending in the axial direction of the
driving lever 16 is formed on the outer peripheral sur-
face of the driving lever 16, and is meshed with a driven
gear 21a attached to a movement barrel 21 with a main-
spring therein.
[0050] As shown in Fig. 5, the driven gear 21a is
supported by a shaft member 21b of the movement bar-
rel 21 so as to rotate thereon, and a ratchet pawl 21d
fixed to the driven gear 21a is engaged with a shaft gear
21c formed in a part of the shaft member 21b. While the
ratchet pawl 21d engages with the shaft gear 21c when
the driven gear 21a is rotated clockwise in Fig. 1, it does
not engage therewith when the driven gear 21a is
rotated counterclockwise in Fig. 1. As a result, the
clockwise rotation of the driven gear 21a is transmitted
to the shaft gear 21c, whereas the counterclockwise
rotation thereof is not transmitted to the shaft gear 21c.
[0051] The shaft member 21b is rotatably fitted in
an upper casing 21e, and an output gear 21f is rotatably
attached to the shaft member 21b and the upper casing
21e. A mainspring 21g is attached to the shaft member
21b at the inner end and is fixedly attached to the output
gear 21f at the outer end. When the shaft gear 21c is
rotated by the ratchet pawl 21d, the mainspring 21g is
wound up. The mainspring 21g serves as a means for
storing rotational energy as elastic strain, and the move-
ment barrel 21 serves as a first conversion and storage
portion for converting and storing dynamic energy of the
driving lever 16. The output gear 21f is rotated by elastic
force of the mainspring 21g.
[0052] Referring again to Fig. 1, description will be
given. Rotation transmitted to the movement barrel 21
winds up the mainspring 21g and rotates the output
gear 21f. The rotation of the output gear 21f is increased
in speed via a plurality of gears 22, 23, and 24 constitut-
ing a transmission gear train, thereby rotating a rotor 31
of a power generator 30. The power generator 30 com-
prises the rotor 31, a stator 32, and an electromagnetic
coil 33. Electromotive force is generated in the electro-
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magnetic coil 33 by the rotation of the rotor 31.

[0053] In this embodiment, heating medium is
sealed in the medium containing portion 10 in a state in
which the liquid phase and the gaseous phase are
mixed (coexist) at ordinary temperature. While various
substances, which change in volume with temperature,
may be used as the heating medium, in general, it is
preferable to use a substance which is in a gaseous or
liquid state at ordinary temperature and at ordinary
pressure. For example, ammonia, carbon dioxide, ethyl
chloride, or the like is preferable. While oxygen, nitro-
gen, air, or the like may be used, since it needs to be
sealed in the heat converter at a higher pressure than
atmospheric pressure in order to obtain a sufficient
amount of change in volume, the heat converter com-
posed of the medium containing portion 10 and the var-
iable portion 11 must have such a high pressure
resistance as to withstand high pressure.
[0054] In this embodiment, when the temperature of
the heating medium contained in the medium containing
portion 10 changes in response to a change in ambient
temperature, internal pressure is changed and the vari-
able portion 11 is deformed. As a result, the piston 13,
the pivot lever 15, and the driving lever 16 described
above are operated. The movement of the driving lever
16 is temporarily stored as elastic strain in the move-
ment barrel 21. The rotation output of the output gear
21f produced by the elastic energy stored in the move-
ment barrel 21 is increased in speed and is converted
into electrical energy by the power generator 30.
[0055] In a state in which ambient temperature is
normal outside air temperature, since changes in the
temperature are irregular, the movement of the driving
lever 16 is also irregular. Since the mainspring 21g has
the property of continuously outputting rotational force
which is relatively unlikely to be influenced by the
amount of stored elastic strain and which barely
changes, it allows the rotor 31 of the power generator 30
to be rotated in a state in which the amount of change in
rotating speed is relatively small. This can make power-
generating efficiency higher than in a case in which the
rotor 31 is directly rotated by the driving lever 16.
[0056] In this embodiment, the heat converter is
divided into the medium containing portion 10 and the
variable portion 11, and only the variable portion 11
changes in volume in response to a change in pressure
of the heating medium in the medium containing portion
10. For this reason, the ratio of the capacity of the vari-
able portion 11 to the total capacity of the heat con-
verter can be reduced (to less than 1) by forming the
medium containing portion 10 separately from the vari-
able portion 11, compared with a case in which the
entire container (heat converter) containing a heating
medium serves as a variable portion (the ratio of the
capacity of the variable portion 11 to the total capacity
of the heat converter is 1), as disclosed in Japanese
Unexamined Patent Application Publication Nos. H6-
341371 and H10-14265. This makes it possible to

increase the amount or stroke of change of the variable
portion 11 in response to changes in pressure.

[0057] Since thermal responsivity can be made
higher than previously, even when ambient temperature
suddenly changes and then returns to its initial temper-
ature, the variable portion 11 responds thereto and
deforms so as to derive energy. Furthermore, since heat
sensitivity can be made higher than previously, even
when ambient temperatures slightly changes, the
amount of deformation of the variable portion can be
increased so as to derive energy. As a result, it is unnec-
essary to take measures to temporarily restrain defor-
mation of the variable portion and to release and
suddenly deform the variable portion at the time when
the amount of change in temperature increases to some
extent in order to efficiently derive energy by increasing
the amount of change in deformation of the variable por-
tion to some extent, as in the conventional art. Alterna-
tively, since the necessity of taking the above measures
is reduced, it is possible to reduce the degree of
restraint of deformation of the variable portion (the dif-
ference in temperature made until the restraint of defor-
mation is removed). Since the efficiency of deriving
energy based on temperature changes can be
increased as a whole, this method, which has not been
practical before, can be applied to various everyday
devices, such as a wristwatch.
[0058] In this embodiment, the capacity of the
medium containing portion 10 is set to be greater than
the standard capacity of the variable portion 11 (an
approximately medium capacity value in the practical
range of capacity changes of the variable portion 11),
that is, the ratio of the capacity of the medium contain-
ing portion 10 and the standard capacity of the variable
portion 11 is set to be 1 or more, more preferably, 2 or
more. This makes it possible to effectively increase the
amount of deformation of the variable portion 11. In this
embodiment, the capacity of the medium containing
portion 11 is set to be more than ten times the standard
capacity of the variable portion 11.
[0059] In this embodiment, in particular, since the
medium containing portion 10 is formed in an extended
shape (in the shape of a pipe or tube), the surface area
thereof can be easily increased, which allows heat to be
efficiently exchanged with the outside. By being placed
in a curved (wound) form, the extended container can
be housed in a compact space in various devices. Fur-
thermore, the medium containing portion 10 can be
easily put in various devices by being made of, for
example, a flexible material, so as to be curved in an
arbitrary shape. Since the pressure strength to internal
pressure can be increased by forming the medium con-
taining portion 10 in a pipelike (tubular) shape as in this
embodiment, the range of choice of materials of the
medium containing portion 10 can be extended. Moreo-
ver, since the medium containing portion 10 can be
operated with high-pressure heating medium held
therein, it is possible to more efficiently derive energy.
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[Second Embodiment]

[0060] A second embodiment of the present inven-
tion will now be described in detail with reference to Fig.
2. In this embodiment, a medium containing portion 40
is shaped like a cube. The medium containing portion
40 is connected to a variable portion 41 that is similar to
that in the first embodiment. A cylinder 42, a piston 43,
and an elastic member 44 are also similar to those in
the first embodiment. A driving shaft 43a of the piston
43 is connected to a driving lever 46 via a pin 45. The
driving lever 46 is provided with a connecting end 46a
connected to the pin 45, a pressed end 46b to be
pressed by an elastic member 48 that is similar to that in
the first embodiment, and a rack 46c. The driving lever
46 is guided by a bearing 47 so as to reciprocally move
in the axial direction.
[0061] The rack 46c of the driving lever 46 is
meshed with a first gear 51, and the first gear 51
increases the speed of the motion of the driving lever
46. The first gear 51 is meshed with a driven gear 52a
of a movement barrel 52. The movement barrel 52 has
the same structure as that of the movement barrel 21 in
the first embodiment. The rotation of an output gear of
the movement barrel 52 is further increased in speed
via gears 53, 54, 55, and 56, thereby rotating a rotor 61
of a power generator 60. The power generator 60 com-
prises the rotor 61, a stator 62, and an electromagnetic
coil 63, in a manner similar to that of the first embodi-
ment.
[0062] In this embodiment, the medium containing
portion 40 is shaped like a rectangular parallelepiped,
and contains therein heating medium similar to that in
the first embodiment. The medium containing portion 40
is structured to have a capacity more than ten times the
standard capacity of the variable portion 41. Therefore,
in a manner similar to that in the above first embodi-
ment, when the pressure of the heating medium con-
tained in the medium containing portion 40 is changed
due to a change in ambient temperature and the volume
thereof starts to increase, the capacity of the variable
portion 41 is also substantially increased in response
thereto, and the driving lever 46 moves in the axial
direction. Dynamic energy of the driving lever 46 is tem-
porarily stored in a mainspring of the movement barrel
52. The energy stored in the mainspring rotationally
drives the rotor 61, so that power is generated in the
power generator 60.
[0063] While rotation is transmitted to the move-
ment barrel when the driving lever, which is reciprocally
movable, is moved only in one direction, in the above
embodiments, it can be transmitted so as to store
energy when the driving lever is moved in both recipro-
cating directions by a known means.
[0064] It is preferable that the medium containing
portions 10 and 40 of the above embodiments be made
of a material having high thermal conductivity, such as
an aluminum alloy or a copper alloy. In particular, the

use of such a metal material makes it possible to easily
ensure pressure strength necessary to hermetically
seal the heating medium.

[First Modification]

[0065] Fig. 3 shows the configuration of a modifica-
tion of the above-described second embodiment. In this
modification, multiple (a plurality of) protuberances 40a
are formed on the surface of a medium containing por-
tion 40. While the protuberances 40a may be formed by
partly thickening the outer wall of the medium contain-
ing portion 40, it is more preferable that they be formed
as if the outer wall of the medium containing portion 40
was hammered from inside, that is, that convex spaces
be formed at the outer edges of a space in the medium
containing portion 40 where heating medium is con-
tained. While the protuberances 40a in this embodiment
are formed on all the six faces of the medium containing
portion 40 shaped like a rectangular parallelepiped,
they may be formed only on the limited faces.
[0066] In this modification, since the protuberances
40a are formed on the faces of the medium containing
portion 40, the surface area of the medium containing
portion 40 is made larger than that in the above second
embodiment, and as a result, heat exchange between
the heating medium in the medium containing portion
40 and the outside is promoted. This makes it possible
to improve usage efficiency of thermal energy and ther-
mal responsivity and to increase the efficiency of deriv-
ing energy.
[0067] As the structure formed on the surface of the
medium containing portion 40 for promoting thermal
exchange, the above-described protuberances may be
replaced with multiple recesses. Both the protuber-
ances and the recesses may be formed as the struc-
ture.

[Second Modification]

[0068] Another embodiment will now be described
with reference to Fig. 4.
[0069] Fig. 4(a) shows a modification (second mod-
ification) of the heat converter of the first embodiment
shown in Fig. 1. A medium containing portion 110 is
formed by winding a pipelike (tubular) member in an
annular form so as to form a stack of turns. The medium
containing portion 110 may be formed by stacking a plu-
rality of ring-shaped pipe portions and partly connecting
the interiors of the pipe portions to one another, or may
be shaped in the stacked form as in the figure by spirally
winding a long pipelike member. A variable portion 111
protrudes from a part of the medium containing portion
110. The variable portion 111 has a bellows structure
such as to be expandable in the protruding direction, in
a manner similar to that in the first embodiment. In this
modification, the medium containing portion 110 can be
placed so as to circle along the inner side face of the
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casing, as will be described later, ambient temperature
can be efficiently taken into heating medium in the
medium containing portion 110 without hindering the
size reduction of the device.

[Third Modification]

[0070] Fig. 4(b) shows a modification (third modifi-
cation) of the second embodiment shown in Figs. 2 and
3, in which a medium containing portion 120 shaped like
a nearly rectangular parallelepiped is provided. An
expandable variable portion 121, which is similar to that
in the above, protrudes from the side face of the
medium containing portion 120. In the medium contain-
ing portion 120, a plurality of through portions 120a are
formed with openings on two opposing faces thereof
(upper and lower surfaces in the figure). The through
portions 120a are formed so that cylindrical inner walls
are passed through the interior of the medium contain-
ing portion 120, and the inner walls are fixed by, for
example, welding in order to ensure high sealing per-
formance of the medium containing portion 120. By thus
forming the through portions 120a, the surface area of
the medium containing portion 120 can be increased. In
particular, since ambient temperature can be easily
transmitted to the center portion of the medium contain-
ing portion 120, where heat exchange with the outside
is reduced, via the through portions 120a, it is possible
to improve thermal responsivity to temperature changes
of the medium containing portion 120 and to sufficiently
deform the variable portion 121 in response to even a
small change in temperature.

[Fourth Modification]

[0071] Fig. 4(c) shows another modification (fourth
modification) of the second embodiment shown in Figs.
2 and 3. Multiple fins 130a shaped like pleats are
formed on the outer faces (four faces adjoining in the
circling direction, that is, the upper face, the lower face,
and two side faces in the figure) of a medium containing
portion 130 shaped like a nearly rectangular parallelepi-
ped. The fins 130a are formed to make the outer faces
uneven and can increase the surface area of the
medium containing portion 130. Accordingly, it is possi-
ble to improve responsivity to temperature changes and
to sufficiently deform a variable portion 131 in response
to even a small change in temperature.
[0072] In both the above-described first and second
embodiments, dynamic energy of the operating portion
to be operated by deformation of the variable portion is
temporarily stored in the mainspring, and the power
generator is operated by the output from the mainspring
so as to generate electric power, thereby deriving elec-
trical energy. Such a mechanism serves to reliably cap-
ture dynamic energy generated in response to a
temperature change, which is irregular and highly varia-
ble with time, by the mainspring without any great influ-

ence of the energy amount, such as motion stroke and
motion velocity, and to transmit the energy stored in the
mainspring so as to conform to the power-generating
characteristics of the power generator as closely as
possible. In particular, in a case in which the amount of
deformation of the variable portion is increased by form-
ing the medium containing portion as in the present
invention, it is possible to efficiently seize a sudden tem-
perature change and a considerably slow temperature
change and to thereby operate the operating portion.
Therefore, it is significantly efficient to adopt the above-
described method for temporarily capturing dynamic
energy, which widely varies, and outputting and convert-
ing the dynamic energy again. This plays a big part in
increasing the efficiency of deriving energy. Further-
more, great advantages can be obtained by controlling
the amount of energy to be sent from the mainspring to
the power generator, as shown in first and second appli-
cations which will be described later.

[First Application]

[0073] Description will now be given of the configu-
ration of a first application in which the above-described
first and second embodiments are actually applied to
various devices. While the first embodiment is princi-
pally applied in this application in the following descrip-
tion, the second embodiment may be similarly applied.
[0074] As shown in Fig. 6, a power generator 30
having a rotor 31, which is rotationally driven by rotation
transmitted from a movement barrel 21 via gears 22, 23,
and 24, outputs electric power to a power control sec-
tion 70. In the power control section 70, a power con-
suming section 71 connected in parallel to the output
end of the power generator 30 in order to keep the
power-generation load substantially constant, a rectify-
ing circuit 72 for rectifying alternating current output
from the power generator 30 and converting the alter-
nating current into direct current, a smoothing capacitor
73 placed on the output side of the rectifying circuit 72,
a voltage increasing and decreasing circuit 74 capable
of controlling the load power of the power generator 30,
as will be described later, and an auxiliary capacitor 75
are connected in parallel. The output of the auxiliary
capacitor 75 is connected to a working section (energy
consuming section) 80 composed of a timepiece control
circuit, a stepping motor, and the like (in the case of a
timepiece). The auxiliary capacitor 75 serves to stabi-
lize power to be supplied to the working section 80.
[0075] In the above embodiments, the mainspring
is spirally wound. The mainspring is wound up to store
energy and is unwound to output stored energy. There-
fore, when a predetermined load (torque) is applied to
the output side of the mainspring, energy corresponding
to the load can be output for a long period. In contrast,
when no load is applied to the output side of the main-
spring, the mainspring is rapidly unwound and stored
energy is immediately dissipated. Accordingly, in this
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application, when the amount of power to be consumed
by the working section 80 is small, the rotational resist-
ance of the rotor 31 is adjusted by appropriately con-
suming power output from the power generator 30 by
the power consuming section 71, thereby reducing the
speed, at which the mainspring is unwound, so as to
prevent energy stored in the mainspring from being rap-
idly wasted. While the power consuming section 71 can
adopt various methods for controlling power consump-
tion, the electric characteristic values of circuit ele-
ments, such as resistors and coils, to be connected in
parallel to the power generator 30 may be controlled.
Alternatively, power may be consumed by using a power
consuming device, such as a motor. In this case, a
mechanism may be adopted in which the mainspring is
wound up by the output of the motor.

[0076] In a case in which no power is consumed by
the working section 80, it is wasteful to consume energy
by unwinding the mainspring. Accordingly, in this appli-
cation, the rotation of the rotor 31 in the power genera-
tor 30 can be stopped by a mechanical brake 76. The
brake 76 may be formed of an actuator, such as a
bimorph element, that is electrically operated. The
brake 76 may be operated by power stored in the
smoothing capacitor 73 or the auxiliary capacitor 75.
When no power is stored in the smoothing capacitor 73
or the auxiliary capacitor 75, or when the amount of
stored power is equal to or less than a predetermined
amount, the brake 76 releases the rotor 31 so that brak-
ing force is not applied thereto. Therefore, in a state in
which no power is stored in the above capacitor or the
amount of stored power is equal to or less than a prede-
termined amount, when the mainspring starts to be
wound up by a driving lever, the rotor 31 automatically
rotates and starts power generation. When the voltage
of the smoothing capacitor 73 or the auxiliary capacitor
75 is increased above a predetermined value by the
power supplied from the power generator 30, the brake
76 stops the rotor 31 so as to restrain energy stored in
the mainspring from being consumed.
[0077] Even when the output voltage of the power
generator 30 driven by the rotating force of the main-
spring is low, the voltage increasing and decreasing cir-
cuit 74 increases output current so as to obtain a
predetermined amount of power even when the rotating
speed of the rotor 31 is low. For example, in a case in
which sufficient output torque of the mainspring can be
obtained, the voltage on the side of the power generator
30 is lowered, is increased by the voltage increasing
and decreasing circuit 74, and is then supplied to the
working section 80. In contrast, since the output current
of the power generator 30 is decreased when the output
torque of the mainspring is decreased, the voltage
increasing operation of the voltage increasing and
decreasing circuit 74 is stopped so that low output cur-
rent can be obtained from the power generator 30 at
high output voltage. This makes it possible to obtain a
predetermined output voltage and current even when

the mainspring is unwound and the output torque is
decreased, and to further extend the operating period of
the working section 80.

[0078] Such control is possible because the electro-
magnetic brake of the power generator 30 has a prop-
erty of being substantially proportional to the output
current and the releasing (unwinding) speed of the
mainspring can be controlled by the property. When the
output torque of the mainspring is high, the electromag-
netic brake of the power generator 30 is increased by
decreasing the output voltage and increasing the output
current. When the output torque of the mainspring is
low, the electromagnetic brake of the power generator
30 is decreased by increasing the output voltage and
decreasing the output current. This makes it possible to
extend the allowable range of driving output of the main-
spring which can operate the power generator 30. From
the viewpoint of energy to be supplied from the main-
spring to the power generator 30, necessary energy is
supplied at a low rotor rotation speed when the output
torque of the mainspring is high, and supply energy is
ensured by increasing the rotor rotation speed when the
output torque of the mainspring is low.
[0079] The above-described control is an example
in which dynamic energy of the driving lever is tempo-
rarily stored in the mainspring of the movement barrel
21, and transmission of the dynamic energy is
smoothed in respect of time, that is, energy is transmit-
ted to the power generator 30 with a reduced amount of
change in energy to be fed. While the feeding speed of
energy from the mainspring serving as a first conversion
and storage portion to the power generator 30 serving
as a second conversion and storage portion may be
controlled by operating the power generator 30 and the
output side thereof, as described above, the flow of
energy to the second conversion and storage portion
can be smoothed by outputting the energy to the sec-
ond conversion and storage portion with the amount of
energy controlled by the first conversion and storage
portion itself.
[0080] While the amount of power to be supplied
(the amount of power to be generated by the power gen-
erator 30) is controlled by the power control section 70
in accordance with the power consumption state of the
working section 80 in this application, generated power
may be stored in a storage means formed of a second-
ary battery, such as a mass capacitor or a chemical bat-
tery, without such control.

[Second Application]

[0081] A second application of the present inven-
tion will now be described with reference to Fig. 7. This
application shows an example of configuration of an
electronically controlled mechanical timepiece in which
pointers are rotationally driven by a rotation transmitting
section, such as gears 22, 23, and 24, to be rotationally
driven by a mainspring of the movement barrel 21 in the
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above embodiments and in which the moving speed of
the pointers is controlled by an electromagnetic brake of
the power generator 30 so as to be constant. Any of the
first and second embodiments may also be applied to
the second application.

[0082] In the second application, rotation is derived
from an appropriate part of a transmission gear train
composed of gears 22, 23, and 24 for transmitting rota-
tion from a mainspring to a power generator 30 so as to
rotationally drive pointers (e.g., an hour hand, a minute
hand, and a second hand) disposed in a pointer section
100. Output from the power generator 30 is supplied to
a power control section 90. The power control section
90 comprises a variable load circuit 91 capable of
changing the load, such as a resistance between output
terminals of an electromagnetic coil 33, a rectifying cir-
cuit 92 for rectifying alternating current output from the
power generator 30, a secondary battery 93, such as a
mass capacity or a storage battery, for storing electric
power output from the rectifying circuit 92, a timepiece
control circuit 94 to be operated by electric power output
from the secondary battery 93, and a load control circuit
95 for detecting the period of an alternating output from
the power generator 30 and controlling the load of the
variable load circuit 91 in a manner in accordance with
the period according to a control command given from
the timepiece control circuit 94.
[0083] Alternating current output from the power
generator 30 is converted into direct current by the rec-
tifying circuit 92 and is stored in the secondary battery
93. The timepiece control circuit 94 is operated by the
output from the secondary battery 93. The timepiece
control circuit 94 has a clock signal generating means,
such as a quartz oscillator, therein, and generates a
control command (a signal having a period correspond-
ing to the pointer moving speed of the timepiece) to be
sent to the load control circuit 95 based on clock signals
generated by the clock signal generating means. The
load control circuit 95 detects the period of alternating
current generated by electromotive force of the electro-
magnetic coil 33 of the power generator 30, compares
the detected period and the above control command
received from the timepiece control circuit 94, and
sends a control signal to the variable load circuit 91 in
order to synchronize the rotation period of the power
generator with the period of the control signal. Since the
variable load circuit 91 forms an adjusted load based on
the control signal, the power generator 30 performs
power generation in accordance with the output-side
load.
[0084] Since the timepiece control circuit 94 and the
load control circuit 95 control the variable load circuit 91
so that the period of alternating current output from the
power generator 30 is constant, a rotor 31 continues
power generation while being controlled so as to obtain
a substantially constant rotation speed by being sub-
jected to electromagnetic braking force that increases
and decreases according to the load of the variable load

circuit 91. As a result, the rotation speed of the trans-
mission gear train is controlled by the rotor 31 so as to
be constant. This allows the pointer section 100 rota-
tionally driven by the transmission gear train to tick pre-
cisely.

[Third Application]

[0085] Structural applications of these embodi-
ments will now be described with reference to Figs. 8 to
16.
[0086] Fig. 8 shows the configuration of a third
application. The third application is a structural example
in which the present invention is applied to a wristwatch
200 serving as a concrete example of the device. As
shown in Fig. 8, the wristwatch 200 has an outer casing
(caseband) 201, and a light-transmitting member 202,
such as a glass window, is mounted on the front side
(upper side in the figure) of the outer casing 201. A
movement 203 is housed in the outer casing 201, and
an opening of the outer casing 201 is closed by a case
back 204 mounted on the back side. A time indicating
section 203a, such as a pointer section or a liquid crys-
tal display section, is formed on the front side of the
movement 203.
[0087] Inside the outer casing 201, a pipelike (tubu-
lar) medium containing portion 210, as in the above-
described first embodiment and second modification, is
placed in a ring-shaped (annular) form on the outer
periphery of the movement 203. In the illustrated exam-
ple, the medium containing portion 210 is wound with
two inner and outer circles and also with four stacked
turns. The medium containing portion 210 is also placed
in close contact with the inner surface of the outer cas-
ing 201. The number and shape of windings of the
medium containing portion 210 may be appropriately
changed according to the shape of an inner space of the
outer casing 210 and the shape of the movement 203.
[0088] The medium containing portion 210 is con-
nected to a working section 220 placed below the move-
ment 203. In the working section 220, the above-
described variable portion and an operating portion
(composed of the piston, the pivot lever, the driving
lever, and the like described above) are housed, as
described in the above embodiments. The operating
portion of the working section 220 is engaged with a
transmission section housed in the movement 203,
such as gears or a driven gear of a movement barrel.
Therefore, when the variable portion in the working sec-
tion 220 is deformed due to a change in ambient tem-
perature and the operating portion is operated by the
deformation, the action is transmitted to the transmis-
sion section in the movement 203.
[0089] In the movement 203 of the third application,
a power generator, a control circuit, and the like, similar
to those described in the above embodiments, are
housed in addition to the transmission section.
[0090] In the third application, the pipelike medium
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containing portion 210 is interposed between the move-
ment 203 and the outer casing 201 in close contact with
the inner surface of the outer casing 201. Therefore, the
pressure of the heating medium sealed in the medium
containing portion 210 changes in response to changes
in temperature of the outer casing 201, and the variable
portion is deformed due to the pressure change,
thereby operating the operating portion. Since the
medium containing portion 210 is placed along the
outer periphery of the movement 203 in this structure,
the external dimensions of the outer casing 201 are
barely increased. This allows the timepiece to be made
compact and thin.

[0091] Instead of the above-described annular
shape, the planar shape of the medium containing por-
tion 210 may be appropriately determined in accord-
ance with the planar shape of the outer casing 201, for
example, a shape of a rectangular frame.

[Fourth Application]

[0092] A fourth application will now be described
with reference to Fig. 9. In the fourth application, the
same components as those in the above-described
third application are denoted by the same numerals,
and description thereof is omitted. In this application, a
disklike medium containing portion 211 is placed in
close contact with the inner surface of a case back 204.
A working section 221 is interposed between the
medium containing portion 211 and a movement 203.
The medium containing portion 211 is connected to a
variable portion held in the working section 221 which is
similar to that in the above embodiments. An operating
portion connected to the variable portion is also held
inside the working section 221 and is connected to a
transmission section or the like in the movement 203.
[0093] In this application, since the medium con-
taining portion 211 is in close contact with the case back
204 and is shaped like a disk along the case back 204,
the contact area with the case back 204 can be
increased. Therefore, It is possible to quickly respond to
a change in temperature of the case back 204, to seize
a small change in temperature, and to thereby derive
energy. The planar shape of the medium containing por-
tion 211 is not limited to a circle, but may be appropri-
ately determined (e.g., a rectangle) in accordance with
the planar shapes of an outer casing 201 and the case
back 204.

[Fifth Application]

[0094] A fifth application will now be described with
reference to Fig. 10. In the fifth application, the same
components as those in the above third application are
denoted by the same numerals, and description thereof
is omitted. In this application, a disklike medium con-
taining portion 212, which is substantially similar to that
in the fourth application, is placed in close contact with

a case back 205. This application is similar to the fourth
application in that the medium containing portion 212 is
connected to a variable portion in a working section 222
and in that an operating portion is held together with the
variable portion in the working section 222.

[0095] In this application, the case back 205 and
the medium containing portion 212 are in close contact
with each other, and furthermore, the contact faces of
the case back 205 and the medium containing portion
212 are uneven so as to be fitted in each other. Since
this increases the contact area between the medium
containing portion 212 and the case back 205, it is pos-
sible to more sensitively seize a change in temperature
of the case back 205. In this case, in order to allow heat
to be easily transmitted to heating medium in the
medium containing portion 212, it is preferable that not
only the outer surface of the medium containing portion
212 be uneven, but also the inner surface thereof be
also uneven corresponding to the shape of the outer
surface. The planar shape of the medium containing
portion 212 is not limited to a circle, but may be appro-
priately determined (e.g., a rectangle) in accordance
with the planar shapes of an outer casing 201 and the
case back 204.

[Sixth Application]

[0096] A sixth application of the present invention
will now be described with reference to Fig. 11. In the
sixth application, the same components as those in the
above third application are denoted by the same numer-
als, and description thereof is omitted. In this applica-
tion, a disklike medium containing portion 213 is placed
in close contact with the inner surface of a case back
206. Multiple recesses 213a are formed on the surface
of the medium containing portion 213 opposing the
case back 206, and multiple protuberances 206a
formed on the inner surface of the case back 206 are fit-
ted in the recesses 213a.
[0097] A working section 223 is interposed between
the medium containing portion 213 and a movement
203. The medium containing portion 213 is connected
to a variable portion held in the working section 223
which is similar to that in the above embodiments. An
operating portion connected to the variable portion is
also held in the working section 223 and is connected to
a transmission section or the like in the movement 203.
[0098] In this application, the medium containing
portion 213 is in close contact with the case back 206
and is shaped like a disk along the case back 206, and
the recesses 213a of the medium containing portion
213 and the protuberances 206a of the case back 206
are meshed with each other. Since this increases the
contact area with the case back 206, it is possible to
quickly respond to a change in temperature of the case
back 206, to seize a small temperature change, and to
thereby derive energy. In order to allow heat to be easily
transmitted to heating medium in the medium contain-
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ing portion 213, it is preferable that not only the outer
surface of the medium containing portion 213 be une-
ven, but also the inner surface thereof be uneven corre-
sponding to the shape of the outer surface. The planar
shape of the medium containing portion 213 is not lim-
ited to a circle, but may be appropriately determined
(e.g., a rectangle) in accordance with the planar shapes
of an outer casing 201 and the case back 206.

[Seventh Application]

[0099] A seventh application of the present inven-
tion will now be described with reference to Fig. 12. In
this application, the same components as those in the
above third application are denoted by the same numer-
als, and description thereof is omitted. In this applica-
tion, a disklike medium containing portion 214 is
interposed between a case back 207 and a movement
203. The medium containing portion 214 is in close con-
tact with the case back 207. The medium containing
portion 214 is connected to a working section 224
placed between the movement 203 and the medium
containing portion 214, in a manner similar to that in the
above applications.
[0100] In this application, the medium containing
portion 214 is provided with through portions 214a sim-
ilar to those shown in Fig. 4(b). Protuberances 207a
protruding from the inner surface of the case back 207
are fitted in the through portions 214a. Therefore, the
contact area between the medium containing portion
214 and the case back 207 can be further increased,
and the temperature of the case back 207 can be more
efficiently transmitted to heating medium in the medium
containing portion 214. This makes it possible to more
sensitively seize a change In temperature of the case
back 207.
[0101] The planar shape of the medium containing
portion 214 is not limited to a circle, but may be appro-
priately determined (e.g., a rectangle) in accordance
with the planer shapes of an outer casing 201 and the
case back 207.

[Eighth Application]

[0102] An eighth application of the present inven-
tion will now be described with reference to Figs. 13 and
14. A wristwatch 300 of the eighth application com-
prises an outer casing 301, a light-transmitting member
302, a movement 303, and a case back 304, in a man-
ner similar to that In the above third to seventh applica-
tions. In this application, a medium containing space
301a is formed inside the outer casing 301 that is
entirely annular, and the outer casing 301 itself serves
as a medium containing portion. Heating medium 310
similar to the above is contained in the medium contain-
ing space 301a and is sealed therein by attaching the
case back 304 to the outer casing 301.
[0103] A plurality of annular grooves are formed on

the outer periphery of the outer casing 301, thereby
forming an uneven face structure 301b vertically
extending in the figure. The medium containing space
301a is connected to the interior of a variable portion
311 extending in the shape of an arc along the inner
side of the outer casing 301. The variable portion 311 is
expandable in the extending direction and has, for
example, a bellows structure, as shown in the figure.
The base end of a driving arm 312 is connected to the
leading end of the variable portion 311, and the driving
arm 312 is also shaped so as to extend in the shape of
an arc along the inner side of the outer casing 301. The
leading end of the driving arm 312 is slidably inserted in
a cylinder 313 that also extends in the shape of an arc
along the inner side of the outer casing 301. The cylin-
der 313 holds therein an elastic member 314, such as a
coil spring, for exerting elastic force in a direction to
push the driving arm 312 outside the cylinder 313.

[0104] A rack 312a is formed on the inner side face
of the driving arm 312. A gear 303a is provided in the
movement 303 so as to be meshed with the rack 312a
of the driving arm 312. The gear 303a is meshed with a
gear 303b, and the gear 303b is meshed with a move-
ment barrel 303c. The gears 303a and 303b constitute
a transmission gear train for transmitting the arc-shaped
motion of the driving arm 312 into the movement 303 as
rotational motion. Rotational energy transmitted by the
gears 303a and 303b is stored in a mainspring disposed
in the movement barrel 303c.
[0105] The entirety of an outer peripheral wall por-
tion 301c of the outer casing 301 having the above-
described uneven face structure 301b is made of a
material having a higher thermal conductivity than that
of other portions. The material of the other portions of
the outer casing 301 is, for example, stainless steel,
tungsten, an aluminum alloy, titanium, or a titanium
alloy. The material of the outer wall portion 301c is a
material having a higher thermal conductivity than those
of the above materials, for example, gold, silver, copper,
aluminum, an aluminum alloy, a magnesium alloy, or a
beryllium alloy. It is preferable that the thermal conduc-
tivity of the outer wall portion 301c be 55 Wgm-1gK-1 or
more so as to be higher than those of iron, stainless
steel, and various resins generally used for the outer
casing. In particular, it is preferable that the thermal
conductivity be 110 Wgm-1gK-1 or more so as to be
higher than that of brass generally used for the outer
casing.
[0106] While the outer casing 301 of this embodi-
ment is provided with the annular outer wall portion
301c having a higher thermal conductivity than that of
the other portions, as described above, a plurality of
portions having a higher thermal conductivity than that
of the other portions may be fitted in the outer peripheral
wall portion of the outer casing 301 so as to be arranged
in the circumferential direction. That is, the outer wall
portion 301c may be continuously formed on the outer
periphery of the outer casing 301 or may be formed of a
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plurality of discrete portions.

[0107] The case back 304 is made of a material
having a lower thermal conductivity than those of the
outer wall portion 301c and any other portions of the
outer casing 301. The material of the case back 304 is,
for example, various resins, such as acrylic, polyethyl-
ene, and polystyrene, glass, ceramic, a solid of various
fibers, such as glass fiber, cotton, wool, synthetic fiber,
and paper fiber, a plasterboard, or a brick material. A
cavity, a groove, or the like may be formed in a part of
the casing so as to be used as a thermal barrier. Fur-
thermore, the case back 304 may be connected to the
outer casing 301 or the medium containing space 301a
via the above-described appropriate thermal barrier. In
this case, satisfactory heat-insulating effects can be
obtained even when the case back 304 itself is not
made of a low-thermal-conductivity material. It is prefer-
able that the thermal conductivity of the heat insulation
barrier be 10 Wgm-1gK-1 or less so as to be lower than
that of stainless steel generally used for the outer cas-
ing. In particular, it is preferable that the thermal con-
ductivity be 3 Wgm-1gK-1 or less so as to be equivalent
to or less than those of glass, mullite ceramic, and stea-
tite ceramic which are fire-resistant materials.
[0108] In the eighth application, since the medium
containing space 310 is formed inside the outer casing
301, heat exchange performance between the outside
and the heating medium is improved, and as a result,
the amount of operation of the variable portion 311 is
increased. This makes it possible to increase the
amount of energy to be derived via a mainspring mech-
anism and a power generator built in the movement
303.
[0109] The variable portion 311 and the driving arm
312 forming the operating portion are arranged along
the inner side of the outer casing 301 and are deformed
and operated therealong. Since this allows the variable
portion and the operating portion to be housed in a
compact space, it is possible to improve space effi-
ciency and to reduce the size of the overall device. Such
a structure is significant, particularly in portable devices
such as wristwatches and portable telephones.
[0110] Since the eighth application adopts the con-
figuration in which the variable portion and the operating
portion are housed in a space between the outer casing
301 and the movement 303, the entire casing can be
made compact and thin. Since both the outer casing
301 and the movement 303 are disk-shaped in the
eighth application, the variable portion and the operat-
ing portion also extend in the shape of an arc and are
deformed and operated in the extending direction.
Therefore, it is possible to make the components com-
pact and to improve space efficiency in the outer casing.
[0111] Furthermore, since only the outer wall por-
tion 301c of the outer casing 301 is made of a high-ther-
mal-conductivity material in order to improve heat
exchange performance with the outside, selective heat
exchange with a desired external portion is possible.

Since the outer wall portion 301c is formed in a part of
the outer casing 301, the cost of procuring the material
for the casing can be reduced to be lower than that in a
case in which the entire outer casing is made of a high-
thermal-conductivity material. This makes it possible to
ensure superior strength and corrosion resistance of
the casing and to improve workability of the compo-
nents of the casing.

[Ninth Application]

[0112] A ninth application of the present invention
will now be described with reference to Figs. 15 and 16.
A wristwatch 400 in the ninth application comprises an
outer casing 401, a light-transmitting member 402, and
a movement 403, in a manner similar to that in the
above eighth application.
[0113] In this application, the outer casing 401 has
a one-piece structure in which a portion corresponding
to a case back (a portion positioned corresponding to
the case back 304 in the eighth application) is integrally
formed, which is different from the eighth application.
The outer casing 401 is composed of an upper member
401A having an upper peripheral portion and a holding
recess for holding the light-transmitting member 402
and the movement 403 therein, and a lower member
401B fixed to the upper member 401A and having a
higher thermal conductivity than that of the upper mem-
ber 401A. The upper member 401A is made of a mate-
rial similar to that of the other portions of the outer
casing 301 in the above eighth application, and the
lower member 401B is made of a material similar to that
of the outer wall portion 301c of the outer casing in the
eighth application.
[0114] A medium containing space 401a is formed
between the upper member 401A and the lower mem-
ber 401B, and heating medium 410 similar to the above
is sealed therein. The medium containing space 401a is
formed so as to also lie on the inner side of the portion
of the one-piece outer casing 401 corresponding to the
case back. A plurality of annular grooves similar to
those in the eighth application are vertically arranged on
the outer peripheral end faces of the lower member
401B of the outer casing 401, thereby forming an une-
ven surface structure 401b.
[0115] The medium containing space 401a of the
outer casing 401 is connected to the interior of a varia-
ble portion 411. The variable portion 411 has a bellows
structure that is expandable in the extending direction,
in a manner similar to that in the above embodiments.
The leading end of the variable portion 411 is con-
nected to a driving arm 412. The driving arm 412 is sli-
dably inserted in a cylindrical portion 401c formed
inside the outer casing 401, and is urged by an elastic
member 414, such as a coil spring, held in the inner por-
tion of the cylindrical portion 401c in such as direction
that it is pushed outside the cylindrical portion 401c.
[0116] A rack 412a is formed on the side face of the
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driving arm 412. The rack 412a is meshed with a gear
403a disposed in the movement 403, the gear 403a is
meshed with a gear 403b, and the gear 403b is meshed
with a movement barrel 403c. Rotational energy to be
transmitted by a transmission gear train composed of
the gears 403a and 403b is stored in a mainspring dis-
posed in the movement barrel 403c.

[0117] In the ninth application, the outer casing 401
has a rectangular outline in plan view. The variable por-
tion 411 and the driving arm 412 corresponding to the
operating portion linearly extend nearly along the out-
line of the outer casing 401, and are deformed and
operated in the extending direction. In this way, the var-
iable portion and the operating portion can be formed so
as to have the shape best-suited to the structure of the
device and to be deformed and operated in the optimum
direction.
[0118] The configuration of this embodiment allows
heat exchange to be smoothly made between the outer
peripheral wall portion and the portion corresponding to
the case back of the outer casing 401 and the heating
medium 410. Therefore, in a state in which the wrist-
watch 400 is worn on the wrist or the like, body heat can
be easily transmitted to the heating medium 410 via the
portion corresponding to the case back, and outside air
heat can be transmitted to the heating medium 410 via
the uneven face structure 410b of the outer peripheral
wall portion. In contrast, in a state in which the wrist-
watch 400 is not worn on the wrist, outside air heat can
be efficiently transmitted to the heating medium 410 via
both the outer peripheral wall portion and the portion
corresponding to the case back. Accordingly, the tem-
perature of the heating medium 410 changes suddenly
when the wristwatch 400 is put on the wrist and when
the wristwatch 400 is taken off the wrist, whereby
energy can be derived. Energy can also be derived by
changes in outside air temperature via the uneven face
structure 401b of the outer wall portion.

[Third Embodiment]

[0119] A thermal energy conversion method
according to an embodiment (third embodiment) of the
present invention will now be described with reference
to Fig. 17. This embodiment shows a method that can
be carried out by using the above-described wristwatch
300 of the eighth application. The embodiment is car-
ried out in a state in which a heat converter is composed
of a medium containing portion containing a heating
medium and a variable portion with its interior con-
nected to the interior of the medium containing portion,
which are provided in the thermal energy conversion
devices of the above embodiments, and in which an
appropriate operating portion and a conversion and
storage portion are provided for the heat converter.
[0120] As shown in Fig. 17, first, the medium con-
taining portion is brought into thermal contact with a first
heat source in Step S1. When a change in temperature

occurs in the first heat source in this state in Step S2,
the temperature of the heating medium in the medium
containing portion changes, and a change in capacity
(deformation) of the variable portion is caused in Step
S3 due to the change in volume of the heating medium.
Subsequently, the operating portion is actuated by the
deformation of the variable portion in Step S4, and
dynamic energy thereof is converted into an appropriate
form of energy and is stored in the conversion and stor-
age portion in Step S5.

[0121] In this case, the outside air is used as the
first heat source, as described in the eighth application.
The temperature of the outside air varies with time, and
in particular, goes through a cycle of increase and
decrease in the course of a day. It is advantageous to
use the outside air as the first heat source in that ther-
mal contact can be established merely by exposing the
medium containing portion or the casing covering the
portion to the outside air and in that it is unnecessary to
prepare an additional heat source and to make prepara-
tions for thermal contact with the heat source.
[0122] In this case, the medium containing portion
may be placed adjacent to or in contact not only with the
first heat source but also with another second heat
source for reasons of structure and layout. For example,
in the above eighth application, the outer casing is in
contact with the outside air, whereas the case back is in
contact with the wrist serving as a second heat source.
Since the wrist is a heat source whose temperature is
maintained substantially constant by body heat, thermal
contact of the medium containing portion with the wrist
hinders temperature changes of the heating medium. In
such a case in which the medium containing portion is
disposed adjacent to or in contact with the second heat
source which is less likely to be changed in temperature
than the first heat source, it is preferable to properly
establish thermal insulation between the second heat
source and the medium containing portion in Step S6,
for example, by making the case back of a low-thermal-
conductivity material, and to thereby reduce the degree
at which the second heat source hinders temperature
changes of the heating medium.

[Fourth Embodiment]

[0123] Finally, a thermal energy conversion method
according to another embodiment (fourth embodiment)
of the present invention will be described with reference
to Fig. 18. In the fourth embodiment, a medium contain-
ing portion is shifted between two states, a state in Step
S1 in which the medium containing portion is in thermal
contact with a first heat source, and a state in Step S2
in which the medium containing portion is in thermal
contact with a second heat source having a different
temperature from that of the first heat source, thereby
causing a change in temperature of heating medium in
the medium containing portion. For example, when the
medium containing portion is shifted from the state
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(Step S1) in which it thermally contacts the first heat
source to the state (Step S2) in which it thermally con-
tacts the second heat source, the temperature of the
heating medium is thereby changed in Step S3. As a
result, a variable portion is deformed with its capacity
changed due to a change in volume of the heating
medium in Step S3. Dynamic energy generated due to
the deformation in Step S4 is appropriately converted
and stored in Step S5.

[0124] As a specific example of this embodiment, a
state in which the heating medium in the medium con-
taining portion is heated by body heat and a state in
which the heating medium is cooled by the outside air
may be switched by putting the wristwatch of the ninth
application on the wrist and taking the wristwatch off the
wrist.
[0125] When the medium containing portion is in
thermal contact with the first heat source (e.g., the
wrist), it may also be in thermal contact with the second
heat source (e.g., the outside air).
[0126] Energy may be derived by a combination of
the fourth embodiment and the above third embodi-
ment. That is, in the fourth embodiment, in a case in
which at least one of the first heat source and the sec-
ond heat source causes such a sufficient temperature
change that energy may be derived, while the medium
containing portion is in thermal contact with the heat
source, energy can be derived by a change in tempera-
ture of the heating medium resulting from a change in
temperature of the heat source.
[0127] The thermal energy conversion device, the
unit having the device, and the thermal energy conver-
sion method according to the present invention are not
limited to the above-described embodiments carried out
by the devices and circumstances shown in the figures.
The present invention is applicable not only to the wrist-
watch, but also to various electronic devices including
portable electronic devices, such as a desktop calcula-
tor, a portable audio device, a portable telephone, an
information terminal, and a personal computer, to play-
things (toys, electronic toys), and the like. Various mod-
ifications are, of course, possible without departing from
the scope of the present invention.

Industrial Applicability

[0128] As described above, according to the
present invention, the variable portion can be sensitively
and quickly deformed in response to a considerably
slow and slight change in temperature of, for example,
ordinary outside air, and in response to a sudden tem-
perature change caused when the device is moved from
indoors into outdoors and is returned again to indoors,
or when the device is placed out of close contact with
the skin and is then put into close contact therewith
again, thereby deriving dynamic energy of the operating
portion from the deformation. This makes it possible to
derive greater amounts of energy than in the conven-

tional art and to efficiently derive energy without
restraining the operation of the operating portion, as in
the conventional art, or even when the restraint of oper-
ation is reduced. In particular, the device, the unit, and
the method provide practical and pronounced advan-
tages by being adopted in portable devices and acces-
sories which consume energy.

Claims

1. A thermal energy conversion device, comprising:

a heat converter having a sealed container for
containing a heating medium that changes in
volume in response to a change in tempera-
ture, said sealed container including a medium
containing portion, which does not substan-
tially change in capacity, and a variable portion
connected to said medium containing portion
so as to be changeable in capacity; and
an operating portion to be operated in
response to a change in capacity of said varia-
ble portion.

2. A thermal energy conversion device according to
Claim 1, wherein the capacity of said variable por-
tion is less than that of said medium containing por-
tion.

3. A thermal energy conversion device according to
Claim 1 or 2, wherein said medium containing por-
tion is extended.

4. A thermal energy conversion device according to
Claim 3, wherein said extended medium containing
portion is curved.

5. A thermal energy conversion device according to
Claim 1 or 2, wherein said variable portion pro-
trudes from said medium containing portion, and
the sectional area of said variable portion taken
along a plane orthogonal to the protruding direction
of said variable portion is less than the sectional
area of said medium containing portion taken along
said plane in an area connected to said variable
portion.

6. A thermal energy conversion device according to
Claim 1 or 2, wherein said variable portion is
expandable in a predetermined direction, and said
operating portion is reciprocally movable in said
predetermined direction in response to expansion
and contraction of said variable portion.

7. A thermal energy conversion device according to
Claim 1 or 2, further comprising:

storage means for storing dynamic energy of
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said operating portion.

8. A thermal energy conversion device according to
Claim 7, wherein a first storage portion for tempo-
rarily storing dynamic energy of said operating por-
tion and a second storage portion for storing the
energy output from said first storage portion again
are provided as said storage means.

9. A thermal energy conversion device according to
Claim 8, wherein the change in energy conversion
efficiency of said first storage portion with respect
to the amount of input energy is gentler than that of
said second storage portion.

10. A thermal energy conversion device according to
Claim 8 or 9, further comprising:

control means for controlling the amount of
energy to be fed from said first storage portion
to said second storage portion.

11. A thermal energy conversion device according to
Claim 10, wherein said control means controls the
feeding amount so as to reduce changes in amount
of energy to be stored in said second storage por-
tion, and said second storage portion is connected
to an energy consuming portion for consuming the
energy stored in said second storage portion.

12. A thermal energy conversion device according to
Claim 10, wherein said control means exerts con-
trol so that the feeding amount is constant.

13. A thermal energy conversion device according to
Claim 12, further comprising:

a driven portion to be driven by energy fed from
said first storage portion in an operation man-
ner in accordance with the feeding amount.

14. A thermal energy conversion device according to
any one of Claims 8, 9, and 11 to 13, wherein said
first storage portion is mechanical energy storage
means for converting dynamic energy of said oper-
ating portion into mechanical energy, such as strain
energy, potential energy, or rotational energy, and
temporarily storing the converted energy, and said
second storage portion includes power-generating
means for converting the mechanical energy output
from said first storage portion into electrical energy
and storage means for storing the electrical energy
obtained from said power-generating means.

15. A unit having a thermal energy conversion device
according to any one of Claims 1, 2, 4, 8, 9, and 11
to 13.

16. A unit having a thermal energy conversion device
according to Claim 15, further comprising:

a case member for housing said thermal
energy conversion device,
wherein said medium containing portion is
placed along the inner surface of said case
member.

17. A unit having a thermal energy conversion device
according to Claim 16, wherein said case member
and the outer wall of said medium containing por-
tion are in close contact with each other or are inte-
grally formed.

18. A unit having a thermal energy conversion device
according to Claim 16 or 17, wherein said case
member is provided with a heat path extending
from the outer surface of said case member to a
position facing said medium containing portion and
having a higher thermal conductivity than that of
other portions.

19. A unit having a thermal energy conversion device
according to Claim 16 or 17, wherein said case
member selectively has an uneven shape on a por-
tion of the outer surface facing said medium con-
taining portion.

20. A unit having a thermal energy conversion device
according to Claim 16 or 17, wherein a portion of
said case member adjacent to said medium con-
taining portion selectively has a heat-insulating por-
tion having a lower thermal conductivity than that of
other portions.

21. A unit having a thermal energy conversion device
according to Claim 16 or 17, wherein said unit is an
electronic device.

22. A thermal energy conversion method, wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a change in
volume is caused in said variable portion by chang-
ing the internal temperature of said medium con-
taining portion based on a change in outside air
temperature, and dynamic energy is generated by
the change in volume.

23. A thermal energy conversion method wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
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changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a change in
volume is caused in said variable portion by shifting
said medium containing portion from a state in
which it is in thermal contact with a first heat source
to a state in which it is in thermal contact with a sec-
ond heat source having a different temperature
from that of said first heat source, and dynamic
energy is generated by the change in volume.

24. A thermal energy conversion method wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a first outer
face portion to be contacted with a first heat source
and a second outer face portion to be contacted
with a second heat source, which changes in tem-
perature to a greater degree than that of said first
heat source, are formed on the periphery of said
medium containing portion, and the heat exchange
efficiency between the outside and said medium
containing portion via said first outer face portion is
lower than the heat exchange efficiency between
the outside and said medium containing portion via
said second outer face portion.

Amended claims under Art. 19.1 PCT

1. A thermal energy conversion device, comprising:

a heat converter having a sealed container for
containing a heating medium that changes in
volume in response to a change in tempera-
ture, said sealed container including a medium
containing portion, which does not substan-
tially change in capacity, and a variable portion
connected to said medium containing portion
so as to be changeable in capacity; and
an operating portion to be operated in
response to a change in capacity of said varia-
ble portion,
wherein the capacity of said variable portion is
less than that of said medium containing por-
tion.

2. A thermal energy conversion device according to
Claim 1, wherein said medium containing portion is
extended.

3. A thermal energy conversion device according to
Claim 2, wherein said extended medium containing
portion is curved.

4. A thermal energy conversion device according to
Claim 1, wherein said variable portion protrudes
from said medium containing portion, and the sec-
tional area of said variable portion taken along a
plane orthogonal to the protruding direction of said
variable portion is less than the sectional area of
said medium containing portion taken along said
plane in an area connected to said variable portion.

5. A thermal energy conversion device according to
Claim 1, wherein said variable portion is expanda-
ble in a predetermined direction, and said operating
portion is reciprocally movable in said predeter-
mined direction in response to expansion and con-
traction of said variable portion.

6. A thermal energy conversion device according to
Claim 1, further comprising:

storage means for storing dynamic energy of
said operating portion.

7. A thermal energy conversion device according to
Claim 6, wherein a first storage portion for tempo-
rarily storing dynamic energy of said operating por-
tion and a second storage portion for storing the
energy output from said first storage portion again
are provided as said storage means.

8. A thermal energy conversion device according to
Claim 7, wherein the change in energy conversion
efficiency of said first storage portion with respect
to the amount of input energy is gentler than that of
said second storage portion.

9. A thermal energy conversion device according to
Claim 7 or 8, further comprising:

control means for controlling the amount of
energy to be fed from said first storage portion
to said second storage portion.

10. A thermal energy conversion device according
to Claim 9, wherein said control means controls the
feeding amount so as to reduce changes in amount
of energy to be stored in said second storage por-
tion, and said second storage portion is connected
to an energy consuming portion for consuming the
energy stored in said second storage portion.

11. A thermal energy conversion device according
to Claim 9, wherein said control means exerts con-
trol so that the feeding amount is constant.
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12. A thermal energy conversion device according
to Claim 11, further comprising:

a driven portion to be driven by energy fed from
said first storage portion in an operation man-
ner in accordance with the feeding amount.

13. A thermal energy conversion device according
to any one of Claims 7, 8, and 10 to 12, wherein
said first storage portion is mechanical energy stor-
age means for converting dynamic energy of said
operating portion into mechanical energy, such as
strain energy, potential energy, or rotational energy,
and temporarily storing the converted energy, and
said second storage portion includes power-gener-
ating means for converting the mechanical energy
output from said first storage portion into electrical
energy and storage means for storing the electrical
energy obtained from said power-generating
means.

14. A unit having a thermal energy conversion
device according to any one of Claims 1, 3, 7, 8,
and 10 to 12.

15. A unit having a thermal energy conversion
device according to Claim 14, further comprising:

a case member for housing said thermal
energy conversion device,
wherein said medium containing portion is
placed along the inner surface of said case
member.

16. A unit having a thermal energy conversion
device according to Claim 15, wherein said case
member and the outer wall of said medium contain-
ing portion are in close contact with each other or
are integrally formed.

17. A unit having a thermal energy conversion
device according to Claim 15 or 16, wherein said
case member is provided with a heat path extend-
ing from the outer surface of said case member to a
position facing said medium containing portion and
having a higher thermal conductivity than that of
other portions.

18. A unit having a thermal energy conversion
device according to Claim 15 or 16, wherein said
case member selectively has an uneven shape on a
portion of the outer surface facing said medium
containing portion.

19. A unit having a thermal energy conversion
device according to Claim 15 or 16, wherein a por-
tion of said case member adjacent to said medium
containing portion selectively has a heat-insulating

portion having a lower thermal conductivity than
that of other portions.

20. A unit having a thermal energy conversion
device according to Claim 15 or 16, wherein said
unit is an electronic device.

21. A thermal energy conversion method, wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a change in
volume is caused in said variable portion by chang-
ing the internal temperature of said medium con-
taining portion based on a change in outside air
temperature, and dynamic energy is generated by
the change in volume.

22. A thermal energy conversion method wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a change in
volume is caused in said variable portion by shifting
said medium containing portion from a state in
which it is in thermal contact with a first heat source
to a state in which it is in thermal contact with a sec-
ond heat source having a different temperature
from that of said first heat source, and dynamic
energy is generated by the change in volume.

23. A thermal energy conversion method wherein a
heat converter is formed so as to have a sealed
container for containing a heating medium that
changes in volume in response to a temperature
change, said sealed container having a medium
containing portion that does not substantially
change in capacity and a variable portion con-
nected to said medium containing portion so as to
be changeable in capacity, and wherein a first outer
face portion to be contacted with a first heat source
and a second outer face portion to be contacted
with a second heat source, which changes in tem-
perature to a greater degree than that of said first
heat source, are formed on the periphery of said
medium containing portion, and the heat exchange
efficiency between the outside and said medium
containing portion via said first outer face portion is
lower than the heat exchange efficiency between
the outside and said medium containing portion via
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said second outer face portion.
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