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(54) HEAT GENERATION QUANTITY CONTROL APPARATUS

(57) A heat quantity control device has a heat flux
sensor 10 arranged between first and second heating
elements arranged adjacently to each other, and a con-
trol section 20 for controlling a heat quantity of the first
and second heating elements. The heat flux sensor 10
has an insulation board made of thermoplastic resin, first
and second via holes formed in the insulation board pen-
etrating in a thickness direction thereof. First and second
layer connection members are embedded in the first and
second via holes, respectively. The first and second layer

connection members are made of different metals and
alternately connected in series. The control section con-
trols a heat quantity generated in the first and second
heating elements based on the electromotive force gen-
erated in the heat flux sensors so that a heat flux flowing
between the first and second heating elements becomes
not more than a predetermined value.
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Description

[Technical Field]

[0001] The present invention relates to heat quantity
control devices capable of controlling a heat quantity gen-
erated in heating elements.

[Background art]

[0002] For example, a conventional heat quantity con-
trol device detects a temperature of a heating element,
and adjusts a heat quantity generated in the heating el-
ement on the basis of the detected temperature of the
heating element. (For example, see a patent document
1.)

[Prior Art technical document]

[Patent document]

[0003] [Patent document 1] Japanese patent laid open
publication No. JP H11-353034.

[Summary of the Invention]

[Problem to be solved by the Invention]

[0004] In order to control heating elements, stacked
together to form a lamination, to have a same inside heat
quantity (or a same inside temperature), the conventional
techniques use in general a temperature sensor mounted
to each of the heating elements, and adjust a heat quan-
tity generated in each of the heating element on the basis
of the detected temperature of each of the heating ele-
ments.
[0005] However, each of the heating elements re-
ceives a different external influence because of being
arranged in a difference location. For example, because
a heating element arranged at an outermost position is
more strongly influenced by an external temperature
when at least three heating elements are stacked to form
a lamination, the outermost heating element radiates a
large amount of heat energy outside, and this greatly
reduces a surface temperature of the outermost heating
element. On the other hand, a heating element arranged
inside of the outermost heating element radiates heat
energy less than the heat energy of the outermost heating
element, and this increases a temperature of the inside
heating element because the presence of the outermost
heating element prevents radiation of heat energy from
the inside heating element. In addition, when two heating
elements are stacked together, because each of the
heating elements receives a different influence from an
ambient temperature and has a different area exposed
outside, each of the heating element generates a differ-
ent discharging energy.
[0006] For this reason, even if the heat quantity gen-

erated in each of the heating element is adjusted so that
a surface temperature of each heating element becomes
the same temperature, there is still remained a possible
problem of it being difficult for each of the heating ele-
ments to have the same inside heat quantity of energy
generated in (i.e. the same inside temperature of) each
of the heating element. This problem remarkably appears
when at least three heating elements are stacked to form
a lamination. That is, as previously described, because
the inside heating element arranged inside and the out-
ermost heating element arranged at the outermost posi-
tion have a different discharging value of heat energy,
there is a tendency for each of these heating elements
to have an uneven inside heat quantity.
[0007] The present invention has been completed with
a view to addressing the above issues and has an object
to provide a heat quantity control device capable of con-
trolling each of heating elements to have an uneven in-
side heat quantity of energy (inside temperature) gener-
ated in each of the heating elements with high accuracy.

[Means for solving the above problems]

[0008] In order to achieve the object of the present in-
vention, a heat quantity control device described in claim
1 has heat flux sensors (10) and a control section (20).
The heat flux sensors (10) are arranged between a first
heating element and a second heating element. The first
heating element and the second heating element are ar-
ranged adjacently to each other. The control section con-
trols a heat quantity generated in at least one of the first
heating element and the second heating element. The
heat quantity control device has the following features.
That is, the heat flux sensor has an insulation board (100)
made of a thermoplastic resin. A plurality of first and sec-
ond via holes (101, 102) is formed in the insulation board
so that these via holes pass through a thickness direction
of the insulation board. First layer connection members
(130) and second layer connection members (140) are
embedded in the first and second via holes, respectively.
The first layer connection members and the second layer
connection members are made of different metals. The
first layer connection members and the second layer con-
nection members have a structure in which the first layer
connection members and the second layer connection
members are alternately connected to each other in se-
ries, and the first layer connection members and the sec-
ond layer connection members generate an electromo-
tive force due to a heat flux flowing between the first heat-
ing element and the second heating element. The control
section controls a heat quantity generated in the first and
second heating elements on the basis of the electromo-
tive force generated in the heat flux sensors so that the
heat flux flowing between the first heating element and
the second heating element becomes not more than a
predetermined value.
[0009] According to the structure previously described,
the control section adjusts a heat quantity generated in
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at least one of the first and second heating elements so
that a heat flux flowing between the first heating element
and the second heating element becomes not more than
the predetermined value, i.e. no difference in inside heat
quantity (inside temperature) between the first heating
element and the second heating element occurs. This
makes it possible for the control section to perform an
equalization control of the inside heat quantity generated
in each of the first heating element and the second heat-
ing element with high accuracy.
[0010] Further, according to the invention described in
claim 2 according to the present invention, has a first
heat flux sensor (10a), a second heat flux sensor (10b)
and a control section (20). The first heat flux sensor is
arranged between a first heating element and a second
heating element formed adjacently to each other. The
first heating element, the second heating element and a
third heating element are stacked. The second heat flux
sensor is arranged between the second heating element
and the third heating element formed adjacently to each
other. The control section is capable of controlling a heat
quantity of the first heating element, the second heating
element and the third heating element. The heat quantity
control device has the following features.
[0011] A plurality of via holes such as first and second
via holes (101, 102) are formed in the insulation board
(100) made of thermoplastic resin in a thickness direction
of the insulation board (100). The first via holes and the
second via holes penetrate the insulation board in the
thickness direction thereof. First layer connection mem-
bers (130) and the second layer connection members
(130) are embedded in the first via holes and the second
via holes, respectively. The first layer connection mem-
ber and the second layer connection member are made
of different metals to each other. The first layer connec-
tion members and the second layer connection members
are alternately arranged and connected together in se-
ries. The first layer connection members and the second
layer connection members, which are alternately con-
nected in the first heat flux sensor, generate an electro-
motive force due to a first heat flux between the first heat-
ing element and the second heating element. The first
layer connection members and the second layer connec-
tion members, which are alternately connected in the
second heat flux sensor, generate an electromotive force
due to a second heat flux flowing between the second
heating element and the third heating element. The con-
trol section adjusts a heat quantity generated in at least
one of the first heating element and the second heating
element on the basis of the electromotive force generated
in the first heat flux sensor so that the first heat flux be-
comes not less than the predetermined value. Further,
the control section adjusts a heat quantity generated in
at least one of the second heating element and the third
heating element on the basis of the electromotive force
generated in the second heat flux sensor so that the sec-
ond heat flux becomes not less than the predetermined
value.

[0012] Because the heat quantity of the first heating
element, the second heating element and the third heat-
ing element is adjusted so that the first heat flux flowing
between the first heating element and the second heating
element, and the second heat flux flowing between the
second heating element and the third heating element
become not more than the predetermined value, i.e. so
that no difference occurs in inside heat quantity between
the first heating element, the second heating element
and the third heating element, it is possible to perform
the equalization control of the inside heat quantity (inside
temperature) generated in each of the first heating ele-
ment, the second heating element and the third heating
element with high accuracy.
[0013] Further, according to the invention described in
claim 3, in the invention described in claim 1 and 2, at
least one metal forming the first layer connection mem-
bers and the second layer connection members is a sin-
tered alloy having a structure in which a plurality of metal
atoms has been sintered while maintaining a crystal
structure of the metal atoms.
[0014] This makes it possible to increase an electro-
motive force generated in the first layer connection mem-
bers and the second layer connection members which
are alternately connected in series, and to provide the
heat flux sensors with a high sensitivity. As previously
described, it is possible for the heat quantity control de-
vice to use the heat flux sensors with a high sensitivity,
and perform the equalization control of the inside heat
quantity generated in each of the heating elements with
a high accuracy.
[0015] Reference numbers and signs in parentheses
in each means described in this section and the claims
correspond to physical parts which will be explained in
the following exemplary embodiments.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0016]

[Figure 1] is a schematic view showing a structure
of a heat quantity control device according to a first
exemplary embodiment of the present invention.
[Figure 2] is a plan view showing a heat flux sensor
shown in FIG. 1.
[Figure 3] is a view showing a cross section taken
along the line III-III shown in FIG. 2.
[Figure 4] is a view showing a cross section taken
along the line IV-IV shown in FIG. 2.
[Figure 5] is a view showing a cross section of a
manufacturing steps of producing the heat flux sen-
sor.
[Figure 6] is a view explaining the equalization con-
trol process of inside heat quantity performed by the
first exemplary embodiment.
[Figure 7] is a view showing a flow chart of the equal-
ization control of inside heat quantity performed by
the heat quantity control device according to the first
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exemplary embodiment.
[Figure 8] is a view showing a flow chart of a control
process in step S2 shown in FIG. 7.
[Figure 9] is a view showing a flow chart of a control
process in step S3 shown in FIG. 7.
[Figure 10] is a view showing a flow chart of a control
process in step S4 shown in FIG. 7.
[Figure 11] is a schematic view showing a structure
of a heat quantity control device according to a com-
parative example.
[Figure 12] is a view explaining the equalization con-
trol process of the inside heat quantity (inside tem-
perature) performed by the heat quantity control de-
vice according to the comparative example.
[Figure 13] is a schematic view showing a structure
of a heat quantity control device according to a mod-
ification of the present invention.
[Figure 14] is a view showing a flow chart of an ab-
normality monitoring process performed by an ab-
normality monitoring device as a modification of the
present invention.

[Embodiments to execute the present invention]

[0017] Next, a description will be given of exemplary
embodiments of the present invention with reference to
Figures. In the Figures, the same components will be
referred with the same reference numbers.

(First exemplary embodiment)

[0018] The heat quantity control device according to a
first exemplary embodiment controls a heat quantity of a
battery mounted on a motor vehicle. As shown in FIG. 1,
the heat quantity control device is equipped with the heat
flux sensors 10 and the control section 20.
[0019] The battery 1 supplies electric power to electric
devices such as a vehicle motor. The battery 1 is com-
posed of a lithium ion battery, a fuel cell, etc. The battery
1 has a structure in which a plurality of battery packs 1a,
1b and 1c are stacked. The first exemplary embodiment
provides the battery 1 having a first battery pack 1a, a
second battery pack 1b and a third battery pack 1c which
are stacked. Each of the first battery pack 1a, the second
battery pack 1b and the third battery pack 1c has a struc-
ture in which battery cells are stacked. Each of the first
battery pack 1a, the second battery pack 1b and the third
battery pack 1c is a heating element to generate heat
energy when receiving electric power. It is possible to
control each of the first battery pack 1a, the second bat-
tery pack 1b and the third battery pack 1c to output its
electric power, and adjust a heat quantity. No outside air
is present between the battery packs adjacently to each
other. That is, the battery packs are formed adjacently
together, and the heat flux sensor 10 is formed between
the battery packs. Discharging plates 2 and 3 are formed
on the outside of the battery packs 1a, 1b and 1c in the
battery 1. The two battery packs adjacent to each other

in the battery packs 1a, 1b and 1c form the first heating
element and the second heating element used in the
claims. The first battery pack 1a, the second battery pack
1b and the third battery pack 1c form the first heating
element, the second heating element and the third heat-
ing element.
[0020] A temperature sensor 11 is arranged on a sur-
face of the battery pack 1b at a central position between
the battery packs 1a, 1b and 1c. The temperature sensor
11 outputs to the control section 2 a sensor signal which
corresponds to a surface temperature of the battery pack
1b.
[0021] The heat flux sensor 10 is arranged between
the battery packs adjacently to each other. It is possible
to transfer heat energy between the battery packs which
are arranged adjacently to each other through the heat
flux sensor 10. The heat flux sensor 10 detects a heat
flux between the battery packs arranged adjacently to
each other. The present exemplary embodiment uses
the first heat flux sensor 10a and the second heat flux
sensor 10b. The first heat flux sensor 10a is arranged
between the first battery pack 1a and the second battery
pack 1b. The second heat flux sensor 10b is arranged
between the second battery pack 1b and the third battery
pack 1c.
[0022] As shown in FIG. 2 to FIG. 4, the heat flux sensor
10, a front surface protection member 110 and a back
surface protection member 120 are assembled together
to form an assembly. The first layer connection members
130 and the second layer connection members 140 are
alternately connected in series in this assembly. A de-
scription will now be given of a structure of the heat flux
sensor 10. In particular, the front surface protection mem-
ber 110 is omitted from FIG. 2 for easy understanding.
Although FIG. 2 is a view not showing a cross section,
the first layer connection members 130 and the second
layer connection members 140 are designated by hatch-
ing for easy understanding.
[0023] In the present exemplary embodiment, the in-
sulation board 100 has a rectangular shape and is made
of thermoplastic resin such as polyether ether ketone
(PEEK), poly ether imide (PEI), liquid crystal polymer
(LCP), etc. The first via holes 101 and the second via
holes 102 are alternately formed in a lattice pattern. The
first via holes 101 and the second via holes 102 penetrate
the insulation board 100 in a thickness direction thereof.
[0024] In the present exemplary embodiment, each of
the first via holes 101 and the second via holes 102 has
a cylindrical shape having the same diameter, and pen-
etrates the insulation board from the front surface 100a
to the back surface 100b thereof. It is also acceptable for
each via hole to have a taper shape or a square tube
shape. When having a taper shape, a diameter of the via
hole is reduced from the front surface 100a to the back
surface 100b.
[0025] The first layer connection member 130 is ar-
ranged in the first via hole 101 and the second layer con-
nection member 140 is arranged in the second via hole
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102. That is, the first layer connection members 130 and
the second layer connection members 140 are alternate-
ly arranged in the insulation board 100.
[0026] The first layer connection members and the sec-
ond layer connection members 130 and 140 are made
of different material to each other in order to cause the
Seebeck effect. For example, the first layer connection
member 130 is made of a metal compound of a solid
phase sintering in order to maintain a crystal structure,
before performing sintering, of a plurality of metal atoms
forming P-type Bi-Sb-Te alloy powder. Further, the sec-
ond layer connection member 140 is made of a metal
compound of a solid phase sintering in order to maintain
a crystal structure, before performing sintering, of a plu-
rality of metal atoms forming N-type Bi-Te alloy powder.
[0027] The front surface protection member 110 is
formed on the front surface 100a of the insulation board
100. The front surface protection member 110 is made
of a thermoplastic resin film having a rectangular plane
shape such as polyether ether ketone (PEEK), poly ether
imide (PEI), liquid crystal polymer (LCP), etc. The front
surface protection member 110 has the same plane
shape of the insulation board 10. A plurality of front sur-
face patterns 111 is formed to separate from to each
other on the surface 119a of the front surface protection
member 110 which faces to the insulation board 100.
The front surface patterns 111 are made of copper, etc.
Each of the front surface patterns 111 is electrically con-
nected to the first layer connection member 130 and the
second layer connection member 140.
[0028] Specifically, as shown in FIG. 3, when a pair
150 is composed of the first layer connection member
130 and the second layer connection member 140 which
are adjacently to each other, the first layer connection
member 130 and the second layer connection member
140 forming the pair are connected to the same front
surface pattern 111. That is, the first layer connection
member 130 and the second layer connection member
140 in each pair 150 are electrically connected to each
other through the front surface patterns 111. In the
present exemplary embodiment, the pair 150 is com-
posed of one first layer connection member 130 and one
second layer connection member 140 which are adja-
cently to each other along a longitudinal direction (along
the left-right direction shown in FIG. 3) of the insulation
board 100.
[0029] The back surface protection member 120 is
formed on the back surface 100b of the insulation board
100. The back surface protection member 120 is made
of a thermoplastic resin film having a rectangular plane
shape such as polyether ether ketone (PEEK), poly ether
imide (PEI), liquid crystal polymer (LCP), etc. The back
surface protection member 120 has a length which is
longer than the length in the longitudinal direction of the
insulation board 100. The back surface protection mem-
ber 120 is formed on the back surface 100b of the insu-
lation board 100 to project from both the end sections of
the insulation board 100.

[0030] A plurality of the back surface patterns 121 is
formed to separate from to each other on the surface
120a of the back surface protection member 120 which
faces to the insulation board 100. The back surface pat-
terns 121 are made of copper, etc. Each of the back sur-
face patterns 121 is electrically connected to the first layer
connection member 130 and the second layer connection
member 140.
[0031] Specifically, as shown in FIG. 3, in the two pairs
adjacently to each other in the longitudinal direction of
the insulation board 100, the first layer connection mem-
ber 130 in one pair 150 and the second layer connection
member 140 in the other pair are connected together
through the same back surface pattern 121. That is, the
first layer connection member 130 and the second layer
connection member 140 belonging to the adjacent pairs
are electrically connected through the same back surface
pattern 121.
[0032] In addition, as shown in FIG. 4, the first layer
connection member 130 and the second layer connection
member 140, which are adjacently to each other in a
direction (vertical direction shown in FIG. 2) which is per-
pendicular to the longitudinal direction, are connected to
each other through the same back surface pattern 121
at the outer edges of the insulation board 100. In more
detail, the first layer connection member 130 and the sec-
ond layer connection member 140 arranged adjacently
to each other are connected to the same back surface
pattern 121 so that these members 130 and 140 con-
nected in series through the corresponding front surface
pattern 111 and back surface pattern 121 are repeatedly
formed in the longitudinal direction of the insulation board
100.
[0033] Further, as shown in FIG. 2 and FIG. 3, the end
part of the back surface patterns 121 connected in series
through the patterns 111 and 121 is formed to be exposed
outside from the insulation board 100. This exposed end
part of the back surface patterns 121 acts as a terminal
which is connected to the control section 20.
[0034] The heat flux sensor 10 according to the present
exemplary embodiment has the basic structure previous-
ly described. The heat flux sensors 10 outputs a sensor
signal (electromotive force) to the control section 20. The
sensor signal corresponds to a heat flux passing through
the heat flux sensor 10 in the thickness direction thereof.
When the heat flux changes, the electromotive force gen-
erated in the first layer connection members 130 and the
second layer connection members 140 alternately con-
nected in series changes due to the change of the elec-
tromotive force. The thickness direction of the heat flux
sensor 10 is a laminating direction of the insulation board
100, the front surface protection member 110 and the
back surface protection member 120.
[0035] In the heat flux sensors according to the present
exemplary embodiment, it is possible to provide the front
surface protection member 110 and the back surface pro-
tection member 120 with a high density by adjusting the
number of the first via holes 101 and the second via holes
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102, a diameter of each of the first via holes 101 and the
second via holes 102, a gap between the first via holes
101 and the second via holes 102, etc. This makes it
possible to increase the electromotive force generated
in the heat flux sensor 10, and allows the heat flux sensor
to have a multiple terminals, and a high sensitivity.
[0036] The heat flux sensors 10 according to the
present exemplary embodiment uses a metal compound
(Bi-Sb-Te alloy, Bi-Te alloy) of a solid phase sintering in
order to maintain a predetermined crystal structure as
the first layer connection members 130 and the second
layer connection members 140. That is, the first layer
connection members 130 and the second layer connec-
tion members 140 are made of a sintered alloy while
maintaining the crystal structure of a plurality of metal
atoms. This structure makes it possible to increase an
electromotive force as a voltage generated in the first
layer connection members 130 and the second layer con-
nection members 140 alternately connected in series. It
is therefore possible for the heat flux sensor 10 to have
a high sensitivity.
[0037] Still further, because the heat flux sensor 10
according to the present exemplary embodiment to have
a structure in which the first via holes 101 and the second
via holes 102 are formed in the insulation board 100 made
of thermoplastic resin, it is possible to provide a thin heat
flux sensor 10 having a large area. This makes it possible
for the heat flux sensor 10 to detect a heat flux with high
sensitivity without inhibiting heat transfer between the
battery packs arranged adjacently to each other.
[0038] A description will now gen given of a manufac-
turing method of producing the heat flux sensor 10 having
the structure previously described with reference to FIG.
5.
[0039] As shown in FIG. 5 (a), the insulation board 100
is prepared. A plurality of the first via holes 101 is formed
in the insulation board 100 by using a drill or laser, etc.
[0040] Next, as shown in FIG. 5 (b), each of the first
via holes 101 is filled with a first conductive paste 131. It
is preferable to use a method (or a device) of filling the
first via holes 101 with the first conductive paste 131, as
disclosed in the Japanese patent laid open publication
No. 2010-50356 of the same applicant of the present
invention.
[0041] To explain it briefly, the insulation board 100 is
arranged on a holder, which is not shown, through an
absorption paper 160 so that the back surface 100b of
the insulation board 100 faces the absorption paper 160.
The first via holes 101 are filled with the first conductive
paste 131 while the first conductive paste 131 is melted.
This makes it possible for the absorption paper 160 to
absorb a large part of organic solvent in the first conduc-
tive paste 131, and as a result, alloy powder is adhered
in the first via holes 101.
[0042] It is sufficient to use a material as the absorption
paper 160 capable of absorbing organic solvent con-
tained in the first conductive paste 131. It is possible to
use normal pure paper. A paste is used as the first con-

ductive paste 131, which is produced by adding organic
solvent such as paraffin having a melting point of 43 °C
into Bi-Sb-Te alloy powder. A predetermined crystal
structure of metal atoms is maintained in the Bi-Sb-Te
alloy powder. Accordingly, the filling step of filling the first
conductive paste 131 into the first via holes 101 is per-
formed under a condition in which the surface 100a of
the insulation board 100 is heated at a temperature of
approximately 43 °C.
[0043] As shown in FIG. 5 (c), a plurality of the second
via holes 102 is formed in the insulation board 100 by
using a drill or laser, etc. As previously described, the
second via holes 102 and the first via holes 101 are al-
ternately formed in the insulation board 100 to make a
lattice pattern.
[0044] Next, as shown in FIG. 5 (d), each of the second
via holes 102 is filled with a second conductive paste
141. It is possible to form the second via holes 102 by
the same processes shown in FIG. 5 (b).
[0045] That is, the insulation board 100 is arranged on
the holder, which is not shown, through an absorption
paper 160 so that the back surface 100b of the insulation
board 100 faces to the absorption paper 160. The second
via holes 102 are filled with the second conductive paste
141. This makes it possible for the absorption paper 160
to absorb a large part of organic solvent in the second
conductive paste 141, and as a result, alloy powder is
adhered in the second via holes 102.
[0046] A paste is used as the second conductive paste
141, which is produced by adding organic solvent such
as terpineol having a melting point at room temperature
into Bi-Te alloy powder. A predetermined crystal struc-
ture of metal atoms is maintained in the Bi-Te alloy pow-
der. That is, such organic solvent forming the second
conductive paste 141 has the melting point which is lower
than that of the organic solvent forming the first conduc-
tive paste 131. The step of filling the second via holes
102 with the second conductive paste 141 is performed
under a condition in which the surface 100a of the insu-
lation board 100 is maintained at room temperature. In
other words, the filling process is performed to fill the
second via holes 102 with the second conductive paste
141 under the condition in which the organic solvent con-
tained in the first conductive paste 131 has been solidi-
fied. This makes it possible to suppress the second con-
ductive paste 141 from entering into the first via holes
101.
[0047] The organic solvent, which is contained in the
first conductive paste 131, but not absorbed by the ab-
sorption paper 160, is remained in the first via holes 101
as the solidified state.
[0048] In another step, as shown in FIG. 5 (e) and FIG.
5 (f), different from the step previously described, a cop-
per foil, etc. is formed on the surface 110a, 120a of the
front surface protection member 110 and the back sur-
face protection member 120 which face the insulation
board 100. The patterning of the copper foil is performed
to form the front surface patterns 111 and the back sur-
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face patterns 121. The front surface patterns 111 are
separated from each other. The back surface patterns
121 are separated from each other. The front surface
patterns 111 and the back surface patterns 121 are pre-
pared by the patterning of the copper foil.
[0049] After this step, as shown in FIG. 5 (g), the back
surface protection member 120, the insulation board 100
and the front surface protection member 110 are stacked
in order to form a laminated body 170.
[0050] In the present exemplary embodiment, the back
surface protection member 120 is formed to have a lon-
gitudinal length which is longer than the longitudinal
length of the insulation board 100 so that both the end
sections of the back surface protection member 120 are
projected from the insulation board 100.
[0051] After this, the laminated body 170 is disposed
between a pair of pressing plates (not shown), as shown
in FIG. 5 (h). While heating and pressing the laminated
body 170 disposed between the pressing plates in the
vertical direction under vacuum in order to form the lam-
inated body 170. Specifically, the first conductive paste
131 and the second conductive paste 141 are sintered
and solidified to form the first layer connection members
130 and the second layer connection members 140 in
the laminated body 170. Further, the laminated body 170
is formed while pressing and heating the first layer con-
nection members 130 and the second layer connection
members 140 so that the first layer connection members
130 and the second layer connection members 140 are
connected to the front surface patterns 111 and the back
surface patterns 121.
[0052] It is acceptable to arrange a buffer such as a
rock wool paper between the laminated body 170 and
the pressing plates when the laminated body 170 is as-
sembled. However, the use of this process is not limited.
The heat flux sensor 10 is produced by the manufacturing
method previously described.
[0053] The control section 20 is a heat quantity control
means for controlling the heat quantity of each of the
battery packs 1a, 1b and 1c. For example, the control
section 20 is comprised an electric control device having
a microcomputer, a memory as a memory means, and a
peripheral circuits thereof. The control section 20 adjusts
the electric energy outputted from each of the battery
packs 1a, 1b and 1c, and adjusts the heat quantity of
each of the battery packs 1a, 1b and 1c.
[0054] Specifically, as shown in FIG. 6, the control sec-
tion 20 adjusts the heat quantity of the battery packs ad-
jacently to each other so that a heat flux flowing between
the battery packs adjacently to each other becomes zero
(equalization control of inside heat quantity). It is suffi-
cient to adjust the heat flux to a value which is not more
than a predetermined value near zero. For example, the
control section 20 compares an electromotive voltage
transmitted from the heat flux sensor 10 with a threshold
value, and adjusts the heat quantity of each of the battery
packs adjacently to each other so that the electromotive
voltage becomes not more than the threshold value.

[0055] The control section 20 performs the equaliza-
tion control of the inside heat quantity (inside tempera-
ture) of the battery packs so that the battery 1 generates
an electric power while suppressing the entire heat quan-
tity of the battery 1 in order to have a minimum value, for
example. In this case, the control section 20 reduces the
heat quantity of the battery packs having a larger inside
heat quantity in the battery packs 1a, 1b and 1c, and
performs the equalization control of the inside heat quan-
tity (inside temperature) of each of the battery packs 1a,
1b and 1c.
[0056] In addition, the control section 20 performs the
equalization control of the inside heat quantity (inside
temperature) during a warm-up operation mode when
the battery packs operate under a low temperature con-
dition. This warm-up operation mode is performed before
the battery 1 supplies electric power to various electric
devices in order for each of the battery packs 1a, 1b and
1c to have a temperature at which each of the battery
packs 1a, 1b and 1c outputs electric power stably. The
control section 20 performs the control process to in-
crease a temperature of each of the battery packs 1a, 1b
and 1c while adjusting the heat quantity of each of the
battery packs 1a, 1b and 1c so that each of the battery
packs 1a, 1b and 1c has the same inside heat quantity
as each other.
[0057] Specifically, in step S1 shown in FIG. 7, the con-
trol section 20 acquires a temperature T1b of the battery
pack 1b detected by the temperature sensor 11, a first
electromotive voltage V1a-1b detected by the first heat
flux sensor 10a arranged between the battery pack 1a
and the battery pack 1b, and a second electromotive volt-
age V1b-1c detected by the second heat flux sensor 10b
arranged between the battery packs 1b and the battery
pack 1c.
[0058] In step S2, the control section 20 controls a heat
quantity of the battery pack 1b on the basis of the tem-
perature T1b of the battery pack 1b obtained in step S1.
[0059] In step S3, the control section 20 controls the
heat quantity of the battery pack 1a on the basis of the
first electromotive voltage V1a-1b obtained in step S1.
[0060] In step S4, the control section 20 controls the
heat quantity of the battery pack 1c on the basis of the
second electromotive voltage V1b-1c obtained in step S1.
[0061] In the process of controlling the heat quantity
control of the battery pack 1b performed in step S2, the
control section 20 judges whether or not the absolute
value of a difference between the temperature T1b of the
battery pack obtained in step S1 and the target temper-
ature becomes not more than a predetermined threshold
value Tth. The battery pack operates stable at the prede-
termined threshold value Tth, for example, 300 °C. This
predetermined threshold value Tth is determined so that
a difference between the temperature T1b of the battery
pack and the target temperature approaches zero. When
the judgment result in step S21 indicates affirmation
(YES), because it is not necessary to change the heat
quantity of the battery pack 1b, the operation flow pro-
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ceeds to step S3. On the other hand, when the judgment
result in step S21 indicates negation (NO), because it is
necessary to adjust the heat quantity of the battery pack
1b, the operation flow proceeds to step S22.
[0062] In step S22, the control section 20 judges
whether it is necessary to reduce or increase the heat
quantity. That is, it is detected whether or not the prede-
termined threshold value Tth obtained in step S1 is higher
or not the target temperature (30 °C). When the judgment
result in step S22 indicates affirmation (YES), because
it is necessary to reduce the heat quantity of the battery
pack 1b, the control section 20 calculates a decrement
heat quantity which is necessary in step S23 to should
be reduced.
[0063] In step S23, the control section 20 calculates
the decrement heat quantity on the basis of the temper-
ature T1b obtained in step S1. For example, the decre-
ment heat quantity is calculated by multiplying a prede-
termined coefficient K1 and a difference (T1b - 30°C) be-
tween the temperature T1b obtained in step S1 and the
target temperature. Following this, the control section 20
outputs a control signal in step S24 so that the heat quan-
tity of the battery pack 1b decreases by the decrement
heat quantity calculated in step S23. The output of the
battery pack 1b is adjusted on the basis of the decrement
heat quantity. For example, in order to adjust the output
of the battery pack 1b, the control section 20 outputs a
control signal to another control section capable of ad-
justing the output of the battery pack 1b. After this, the
operation flow proceeds to step S3.
[0064] On the other hand, when the judgment result in
step S22 indicates negation (NO), because it is neces-
sary to increase the heat quantity of the battery pack 1b,
the control section 20 calculates an increment heat quan-
tity which is necessary in step S25 for the battery pack
1b. In step S25, the control section 20 calculates the in-
crement heat quantity on the basis of the temperature
T1b obtained in step S1. For example, the increment heat
quantity is calculated by multiplying the predetermined
coefficient K1 and a difference (30°C - T1b) between the
target temperature and the temperature T1b obtained in
step S1. Following this, the control section 20 outputs a
control signal in step S24 so that the heat quantity of the
battery pack 1b increases by the increment heat quantity
calculated in step S25. The output of the battery pack 1b
is adjusted on the basis of the increment heat quantity.
After this, the operation flow proceeds to step S3.
[0065] During a period in which the temperature of the
battery pack 1b is lower than the target temperature, the
heat quantity of the battery pack 1b is increased by the
processes in step S22, S25 and S24. When the temper-
ature of the battery pack 1b exceeds the target temper-
ature, the heat quantity of the battery pack 1b is de-
creased by the processes in step S22, S23 and S24. As
previously described, the output of the battery pack 1b
is adjusted so that the heat quantity of the battery pack
1b increases and decreases until the temperature T1b of
the battery pack 1b approaches the target temperature.

On the other hand, when the temperature T1b of the bat-
tery pack 1b has approached the target temperature, the
output of the battery pack 1b is maintained to keep the
heat quantity of the battery pack 1b.
[0066] As shown in FIG. 9, in the process of controlling
the heat quantity of the battery pack 1a performed in step
S3, the control section 20 judges in step S31 whether or
not the first electromotive voltage V1a-1b obtained in step
S1 is not more than a threshold voltage Vth. The threshold
voltage Vth is determined so that the first electromotive
voltage V1a-1b is close to zero. When the judgment result
in step S31 indicates affirmation (YES), because it is not
necessary to change the heat quantity of the battery pack
1a, the operation flow proceeds to step S4. On the other
hand, when the judgment result in step S31 indicates
negation (NO), because it is necessary to adjust the heat
quantity of the battery pack 1a, the operation flow pro-
ceeds to step S32.
[0067] In step S32, the control section 20 judges
whether it is necessary to reduce or increase the heat
quantity. That is, it is detected whether or not the first
electromotive voltage V1a-1b obtained in step S1 is a pos-
itive value (V1a-1b > 0). This means that the inside heat
quantity of the battery pack 1a is less than the inside heat
quantity of the battery pack 1b when the electromotive
voltage value is a positive value under the structure in
which the heat flux sensor 10a is arranged so that the
electromotive voltage value corresponds to the heat flux
flowing from the battery pack 1b to the battery pack 1a.
Accordingly, when the judgment result in step S32 indi-
cates affirmation (YES), because it is necessary to in-
crease the heat quantity of the battery pack 1a, the control
section 20 calculates an increment heat quantity which
is necessary in step S33 to should be increased.
[0068] In step S33, for example, the control section 20
calculates the increment heat quantity by multiplying the
first electromotive voltage V1a-1b obtained in step S1 and
a predetermined coefficient K2 together. Following this,
the control section 20 outputs a control signal in step
S34, like the step S24 so that the heat quantity of the
battery pack 1a increases by the increment heat quantity
calculated in step S33. The output of the battery pack 1a
is adjusted on the basis of the increment heat quantity.
After this, the operation flow proceeds to step S4.
[0069] On the other hand, when the judgment result in
step S32 indicates negation (NO), because it is neces-
sary to reduce the heat quantity of the battery pack 1a,
the control section 20 calculates a decrement heat quan-
tity which is necessary in step S35 for the battery pack
1a. In step S35, for example, the control section 20 cal-
culates the decrement heat quantity by multiplying the
first electromotive voltage V1a-1b and the predetermined
coefficient K2 together. Following this, the control section
20 outputs a control signal in step S34 so that the heat
quantity of the battery pack 1a decreases by the decre-
ment heat quantity calculated in step S35. The output of
the battery pack 1a changes on the basis of the decre-
ment heat quantity. After this, the operation flow pro-
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ceeds to step S4.
[0070] The processes in step S32, S33 and S34 pre-
viously described make it possible to increase the heat
quantity of the battery pack 1a during a period in which
the inside heat quantity of the battery pack 1a is less than
the heat quantity of the battery pack 1b. When the inside
heat quantity of the battery pack 1a exceeds the heat
quantity of the battery pack 1b, the processes in step
S32, S35 and S24 reduce the heat quantity of the battery
pack 1a. As previously described, the output of the bat-
tery pack 1a is adjusted so that the heat quantity of the
battery pack 1a increases and decreases until the inside
heat quantity of the battery pack 1a becomes equal to
the heat quantity of the battery pack 1b. On the other
hand, when the inside heat quantity of the battery pack
1a becomes equal to the heat quantity of the battery pack
1b, the output of the battery pack 1a is maintained so as
to maintain the heat quantity of the battery pack 1a.
[0071] As shown in FIG. 10, in the heat quantity control
of the battery pack 1c performed in step S4, the control
section 20 judges in step S41 whether or not the second
electromotive voltage V1b-1c obtained in step S1 is not
more than the threshold voltage Vth. This threshold volt-
age Vth is equal to the threshold value Vth used in step
S31. When the judgment result in step S41 indicates af-
firmation (YES), because it is not necessary to change
the heat quantity of the battery pack 1c, the control proc-
ess shown in FIG. 7 is completed. The operation flow
returns to step S1. On the other hand, when the judgment
result in step S41 indicates negation (NO), because it is
necessary to change the heat quantity of the battery pack
1c, the operation flow proceeds to step S42.
[0072] In step S42, the control section 20 judges
whether it is necessary to reduce or increase the heat
quantity, that is, detects whether or not the second elec-
tromotive voltage V1b-1c obtained in step S1 is a positive
value (V1b-1c > 0). This means that the inside heat quan-
tity of the battery pack 1c is less than the inside heat
quantity of the battery pack 1b when the electromotive
voltage value is a positive value under the structure in
which the heat flux sensor 10b is arranged so that the
electromotive voltage value corresponding to the heat
flux flowing from the battery pack 1b to the battery pack
1c. Accordingly, when the judgment result in step S42
indicates affirmation (YES), because it is necessary to
increase the heat quantity of the battery pack 1c, the
control section 20 calculates an increment heat quantity
which is necessary in step S43 to should be increased.
[0073] In step S43, for example, the control section 20
calculates the increment heat quantity by multiplying the
second electromotive voltage V1b-1c obtained in step S1
and a predetermined coefficient K3 together. Following
this, the control section 20 outputs a control signal in step
S34, like the step S24 so that the heat quantity of the
battery pack 1c increases by the increment heat quantity
calculated in step S43. The output of the battery pack 1a
is changed on the basis of the increment heat quantity.
The control flow shown in FIG. 7 is thereby completed.

The operation flow returns to step S1.
[0074] On the other hand, when the judgment result in
step S42 indicates negation (NO), because it is neces-
sary to reduce the heat quantity of the battery pack 1c,
the control section 20 calculates a decrement heat quan-
tity which is necessary in step S45 for the battery pack
1c. In step S45, for example, the control section 20 cal-
culates the decrement heat quantity by multiplying the
second electromotive voltage V1b-1c obtained in step S1
and the predetermined coefficient K3 together. Following
this, the control section 20 outputs a control signal in step
S44 so that the heat quantity of the battery pack 1c de-
creases by the decrement heat quantity calculated in step
S45. The output of the battery pack 1c changes on the
basis of the decrement heat quantity.
[0075] The processes in step S42, S43 and S44 pre-
viously described make it possible to increase the heat
quantity of the battery pack 1c during a period in which
the inside heat quantity of the battery pack 1c is less than
the heat quantity of the battery pack 1b. When the inside
heat quantity of the battery pack 1c exceeds the heat
quantity of the battery pack 1b, the processes in step
S42, S45 and S44 reduce the heat quantity of the battery
pack 1c. As previously described, the output of the battery
pack 1c is adjusted so that the heat quantity of the battery
pack 1c increases and decreases until the inside heat
quantity of the battery pack 1c becomes equal to the heat
quantity of the battery pack 1b. On the other hand, when
the inside heat quantity of the battery pack 1c becomes
equal to the heat quantity of the battery pack 1b, the
output of the battery pack 1c is maintained so as to main-
tain the heat quantity of the battery pack 1c.
[0076] A description will now be given of a comparison
between the present exemplary embodiment and a com-
parative example. The heat quantity control device ac-
cording to the present exemplary embodiment performs
the equalization control of the inside heat quantity (inside
temperature). The heat quantity control device according
to the comparative example has a structure shown in
FIG. 11 and performs an equalization control of the inside
heat quantity (inside temperature).
[0077] The heat quantity control device as the compar-
ative example is a usual heat quantity control device hav-
ing a conventional structure explained in the section of
[Problem to be solved by the Invention] previously de-
scribed. In the conventional structure, a surface temper-
ature of each of the battery packs 1a, 1b and 1c is de-
tected by using each temperature sensor 11 (a first tem-
perature sensor 11a, a second temperature sensor 11b
and a third temperature sensor 11c), and the heat quan-
tity of each of the battery packs 1a, 1b and 1c is adjusted
so that the detection temperature becomes a target tem-
perature. The first, second and third temperature sensors
11a, 11b and 11c are arranged on the surfaces of the
battery packs 1a, 1b and 1c, respectively. For example,
it can be considered for the heat quantity control device
as the comparative example to control the heat quantity
of each of the battery packs 1a, 1b and 1c so that the
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temperatures detected by the temperature sensors 11
become equal to each other in order to equalize the inside
heat quantity (inside temperature) of each of the battery
packs 1a, 1b and 1c, for example.
[0078] However, because a temperature of the surface
of each of the battery packs 1a, 1b and 1c detected by
each of the temperature sensor 11 is affected by an ex-
ternal ambient temperature in addition to the heat quan-
tity of each of the battery packs 1a, 1b and 1c. That is,
the surface temperature of the battery packs 1a and 1c
arranged at the outer side of the battery is easily influ-
enced by the external temperature. On the other hand,
the surface temperature of the battery pack 1b sand-
wiched between the battery packs 1a and 1 becomes
high because the battery pack 1b radiates a less amount
of heat energy because the battery pack 1b is arranged
inside. Accordingly, even if the heat quantity of each of
the battery packs 1a, 1b and 1c is adjusted so that the
surface temperature of each of the battery packs 1a, 1b
and 1c becomes equal to each other, it does not always
occurs that each of the battery packs 1a, 1b and 1c has
the same inside heat quantity (inside temperature).
[0079] It can also be considered for the heat quantity
control device as the comparative example to control the
heat quantity of each of the battery packs 1a, 1b and 1c
so that the detection temperature of each of the battery
packs 1a, 1b and 1c becomes its target temperature on
the basis of a difference in charging heat quantity be-
tween the battery packs 1a, 1b and 1c in order to equalize
the inside heat quantity (inside temperature) of each of
the battery packs 1a, 1b and 1c. For example, as shown
in FIG. 12, when a heat radiation energy of the battery
pack 1a is larger than a heat radiation energy of the bat-
tery pack 1c, and a heat radiation energy of the battery
pack 1b has a minimum value which is smaller than a
heat radiation energy of the battery pack 1b, the target
temperature of the battery packs is increased in the order
of the battery pack 1a, the battery pack 1c and the battery
pack 1b.
[0080] However, in this case, because the temperature
of the surface of each of the battery packs 1a, 1b and 1c
is changed due to the change of the external temperature,
it is necessary to adjust the heat quantity of each of the
battery packs 1a, 1b and 1c so that the detection tem-
perature of each of the battery packs 1a, 1b and 1c is
maintained to its target temperature.
[0081] On the other hand, the heat quantity control de-
vice according to the present exemplary embodiment ad-
justs the heat quantity of the battery packs which are
arranged adjacently to each other so that the heat flux
flowing between the adjacent battery packs becomes ze-
ro. This structure makes it possible to perform the equal-
ization control of the inside heat quantity (inside temper-
ature) of each of the battery packs 1a, 1b and 1c with a
high accuracy because of adjusting the heat quantity of
the battery packs arranged adjacently to each other to
eliminate a difference in inside heat quantity (inside tem-
perature) between the battery packs arranged adjacently

to each other becomes zero.
[0082] In addition, according to the heat quantity con-
trol device according to the present exemplary embodi-
ment, it is not necessary to adjust the heat quantity of
each of the battery packs 1a, 1b and 1c even if an external
temperature changes because the heat flux flowing be-
tween the battery packs arranged adjacently to each oth-
er after the inside heat quantity (inside temperature) of
each of the battery packs 1a, 1b and 1c has been equal
to each other.

(Other exemplary embodiments)

[0083] The concept of the present invention is not lim-
ited by the exemplary embodiment previously described.
It is possible to modify the concept of the present inven-
tion as follows within the scope defined in the claims.

(1) In the heat quantity control device according to
the first exemplary embodiment, the control section
20 performs the equalization control of the inside
heat quantity of the battery packs, compares the
electromotive voltage (voltage value) generated in
the heat flux sensor with the threshold value, and
adjusts the heat quantity of the battery packs ar-
ranged adjacently to each other so that the electro-
motive voltage becomes not more than the threshold
value. It is also acceptable for the control section 20
to calculate a heat flux on the basis of the electro-
motive voltage, and compare the calculated heat flux
with the threshold value. Further, it is acceptable to
compare a current value generated in the heat flux
sensor 10 with a threshold value. In summary, it is
sufficient for the heat quantity control device accord-
ing to the present invention to adjust the heat quantity
of the battery packs arranged adjacently to each oth-
er on the basis of the electromotive force generated
in each of the heat flux sensors.
(2) The heat quantity control device according to the
first exemplary embodiment controls the heat quan-
tity of the three battery packs which are stacked.
However, the concept of the present invention is not
limited by this exemplary embodiment. For example,
it is possible for the heat quantity control device to
control, like the first exemplary embodiment, the heat
quantity of not less than four stacked battery packs,
and obtain the same effects of the first exemplary
embodiment. In addition, it is also possible for the
heat quantity control device to control, like the first
exemplary embodiment, the heat quantity of two
stacked battery packs, and obtain the same effects
of the first exemplary embodiment. When at least
three heating elements are stacked, the inside heat-
ing element and the outside heating element have a
different discharging amount, a heat quantity of each
of the heating elements becomes non-equalization
to each other. Accordingly, the heat quantity control
device according to the present invention can be ap-
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plied to this case, and perform the equalization con-
trol of the heating elements.
(3) The first exemplary embodiment performs the
equalization control of an inside heat quantity (inside
temperature) of each of the battery packs 1a, 1b and
1c arranged adjacently to each other. However, the
concept of the present invention is not limited by the
first exemplary embodiment. For example, it is pos-
sible for the heat quantity control device according
to the present invention to adjust a heat quantity of
one battery pack in the pair of the battery packs ar-
ranged adjacently to each other.
The first exemplary embodiment has explained the
heat quantity control of the battery mounted on a
motor vehicle. However, the concept of the present
invention is not limited by this. It is possible to apply
the present invention to various batteris mounted on
houses, factories, etc.
(5) It is possible to apply the heat quantity control
device according to the present invention to the heat
quantity control of a heating element other than a
battery. For example, it is possible to control a heat
quantity of the heating element such as a hot plate
composed of a plurality of stacked heating elements.
It is also possible for the heat quantity control device
according to the present invention to adjust a heat
quantity of an upper side heating element and a bot-
tom side heating element in a heat press molding
machine. In this case, the upper side heating ele-
ment and the bottom side heating element in the heat
press molding machine are adhered adjacently to
each other during a press processing of a workpiece.
Accordingly, it is sufficient to arrange the heat flux
sensors between the upper side heating element and
the bottom side heating element during the press
processing of the workpiece.
(6) The first exemplary embodiment uses the metal
of Bi-Sb-Te alloy and the metal of Bi-Te alloy forming
the first layer connection members 130 and the sec-
ond layer connection members 140, respectively.
However, it is possible to use another metal to form
them. Further, each of the exemplary embodiments
previously described uses the solid-phase sintered
alloys which form both the first layer connection
members 130 and the second layer connection
members 140. However, it is sufficient to use the
solid-phase sintered alloy as at least one of the first
layer connection members 130 and the second layer
connection members 140. This makes it possible to
increase the electromotive voltage and provide the
heat flux sensors 10 having a high sensitivity when
compared with a case in which the first layer con-
nection members 130 and the second layer connec-
tion members 140 are made of an alloy other than
the solid-phase sintered alloy.
(7) It is not necessary to use elements other than
essential components and apparently-theoretically
essential components which form the heat quantity

control device according to the exemplary embodi-
ments previously described.

(Examples of application)

[0084] A description will now be given of an application
in which the concept of the heat quantity control device
according to the present invention is applied to an ab-
normality monitoring device of an electric furnace facility
as a heating element.
[0085] That is, the abnormality monitoring device ac-
cording to an application example has the following fea-
tures.
[0086] The abnormality monitoring device is mounted
to a surface of a heating element. The abnormality mon-
itoring device has a heat flux sensor, a temperature sen-
sor, and a judgment means. The heat flux sensor detects
a heat flux flowing between the heating element and out-
side air. The temperature sensor detects a temperature
of the outside air. The judgment detects whether or not
an abnormality heating of the heating element occurs. In
the heat flux sensor, a plurality of first and second via
holes is formed in an insulation board so that the first and
second via holes penetrate the insulation board in a thick-
ness direction of the insulation board. A first layer con-
nection member is embedded in each of the first via holes
and a second layer connection member is embedded in
each of the second via holes. The first layer connection
members and the second layer connection members are
alternately arranged and connected in series. These first
layer connection members and the second layer connec-
tion members alternately connected in series generate
an electromotive force due to a heat flux flowing between
the heating element and the outside air. The judgment
means judges whether or not an abnormality heating
state of the heating element occurs by comparing a de-
tection result of the heat flux sensor with a judgment cri-
teria. This judgment criteria is selected due to the tem-
perature of the outside air from judgment criteria values.
These judgment criteria values have been determined
per temperature of the outside air when the heating ele-
ment is working correctly.
[0087] The abnormality monitoring device notifies oc-
currence of the abnormality heating state in the facility
by a notification means when detecting the occurrence
of the abnormality heating in the facility as the heating
element. Further, the abnormality monitoring device per-
forms the process of adjusting the heat quantity of the
facility so that the heating state of the facility becomes
normal.
[0088] As shown in FIG. 13, the abnormality monitoring
device is equipped with the heat flux sensor 10 and the
control section 20, like the structure of the heat quantity
control device according to the first exemplary embodi-
ment. The heat flux sensor 10 and the control section 20
in the abnormality monitoring device have the same
structure of the heat flux sensor 10 and the control section
20 in the heat quantity control device according to the
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first exemplary embodiment. The heat flux sensor 10 in
the abnormality monitoring device is mounted to a sur-
face of the facility 30, which is different from the structure
of the first exemplary embodiment, and outputs, to the
control section 20, a sensor signal (electromotive volt-
age) due to the heat flux flowing between the facility 30
and the outside air.
[0089] Further, the abnormality monitoring device
shown in FIG. 13 is arranged outside of the facility 30,
and equipped with a temperature sensor 11, a buzzer
(not shown) and display unit (not shown). The tempera-
ture sensor 11 outputs, to the control section 2, an output
signal corresponding to a temperature of outside air. This
buzzer and the display unit are notification means capa-
ble of notifying about the abnormality state when the ab-
normality heating occurs in the facility.
[0090] The control section 20 is a judgment means ca-
pable of judging whether or not a heat flux flowing be-
tween the facility 30 and the outside air exceeds a pre-
determined value on the basis of a sensor signal trans-
mitted from the heat flux sensor 10. The predetermined
value has been determined to have an upper limit value
of the heat flux when the facility 30 operates under a
normal heating state. When the heat flux flowing between
the facility 30 and the outside air becomes not more than
the predetermined value, the control section 20 judges
that the facility 30 operates under the normal heating
state. On the other hand, when the heat flux flowing be-
tween the facility 30 and the outside air exceeds the pre-
determined value, the control section 20 judges that the
facility 30 operates in the abnormality state. The control
section 20 performs the judgment of detecting occur-
rence of the abnormality heating state in the facility 30.
[0091] When judging the occurrence of the abnormality
heating state of the facility 30, the control section 20 in-
structs the notification means such as the buzzer and the
display unit to notify the occurrence of the abnormality
heating state of the facility 30. Further, when the control
section 20 has the ability to adjust the heat quantity of
the facility 30, the control section 30 adjusts the heat
quantity of the facility 30 on the basis of the sensor signal
transmitted from the heat flux sensor 10 so that the heat
flux flowing between the facility 30 and the outside air
becomes not more than the predetermined value.
[0092] Specifically, in the flow chart shown in FIG. 14,
the control section 20 acquires an electromotive voltage
(voltage value) of the heat flux sensor 10 and the tem-
perature T of the outside air detected by the temperature
sensor 11 in step S101.
[0093] After this, the control section 20 judges whether
or not the obtained voltage value V is not more than the
threshold value Vth. This threshold value Vth is a judg-
ment criteria which has been determined due to a heat
flux detected when the facility 30 operates in the normal
heating state. That is, the threshold value Vth is a voltage
value corresponding to the uppermost value of the heat
flux when the facility 30 operates in the normal heating
state. Because the heat flux detected when the facility

30 operates in the normal heating state is changed by
the temperature of the outside air. Accordingly, when the
facility 30 operates in the normal heating state, the rela-
tionship between the temperature of the outside air and
the heat flux is detected in advance by experiments, etc.
and the threshold value Vth per temperature of the outside
air is stored in advance in a memory section. The control
section 20 selects the threshold value Vth which corre-
sponds to the temperature T of the outside air detected
by the temperature sensor 11, and uses the selected
threshold value Vth in step S102.
[0094] When the judgment result in step S102 indi-
cates affirmation (YES) in step S102, the control section
20 judges in step S103 that the facility 30 operates in the
normal heating state. The control flow shown in FIG. 14
is thereby completed.
[0095] On the other hand, when the judgment result in
step S102 indicates negation (NO) in step S102, the con-
trol section 20 judges in step S104 that the facility 30
operates in the abnormality heating state. The control
section 20 outputs a control signal to the buzzer and the
display unit in step S105 in order to notify the occurrence
of the abnormality heating state. This makes it possible
for the buzzer and the display unit to notify the occurrence
of the abnormality if the facility 30. It is acceptable for the
control section 20 to output a control signal to the facility
30 so as to reduce the heat quantity of the facility 30.
[0096] By the way, when the abnormality monitoring
device detects the temperature of the heating element
and judges the occurrence of the abnormality heating
state of the facility 30 on the basis of the detected tem-
perature of the heating element, because the tempera-
ture of the heating element varies due to the influence of
the outside condition, there is a possible problem of it
being difficult to detect occurrence of the abnormality
heating state of the heating element with high accuracy.
For example, when a temperature of the outside air (out-
side temperature) is low, because the outside air cools
the heating element even if the heating element operates
in the abnormality heating state, there is a possible case
in which the detected temperature of the heating element
becomes within the room temperature range. In addition,
when a thermal insulation state occurs between the heat-
ing element and the outside air, there is a possible case
in which the detected temperature of the heating element
becomes within an abnormality temperature range even
in the heating element operates in the normal heating
state. This thermal insulation state indicates a state in
which the transfer of heat is suppressed.
[0097] On the other hand, the abnormality monitoring
device according to the application example of the
present invention judges the occurrence of the abnor-
mality heating state of the facility 30 on the basis of the
detection result of the heat flux flowing between the fa-
cility 30 and the outside air by using the judgment criteria
corresponding to the temperature of the outside air. Ac-
cordingly, when the facility 30 operates in the normal
heating state, the judgment criteria is satisfied. On the
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other hand, when the facility 30 operates in the abnor-
mality heating state, the judgment criteria is not satisfied.
This makes it possible to judge whether the facility oper-
ates in the abnormality heating state or the normal heat-
ing state with high accuracy.

[Explanation of reference numbers]

[0098]

10 Heat flux sensors,
20 Control section,
100 Insulation member,
101 and 102 First via holes and Second via holes,
and
130 and 140 First layer connection member and Sec-
ond layer connection member.

Claims

1. A heat quantity control device comprising:

a heat flux sensor (10) arranged between a first
heating element and a second heating element
which are arranged adjacently to each other;
and
a control section (20) capable of controlling a
heat quantity of at least one of the first heating
element and the second heating element where-
in
the heat flux sensor comprises an insulation
board (100) made of a thermoplastic resin, a plu-
rality of first via holes (101) and second via holes
(102) is formed in the insulation board so that
the first via holes and the second via holes pass
through a thickness direction of the insulation
board, first layer connection members (130) and
second layer connection members (140) are
embedded in the first via holes and the second
via holes, respectively, the first layer connection
members and the second layer connection
members are made of different metals, and the
first layer connection members and the second
layer connection members are alternately con-
nected in series, and the first layer connection
members and the second layer connection
members alternately connected to each other
generate an electromotive force due to a heat
flux flowing between the first heating element
and the second heating element, and the control
section controls a heat quantity generated in the
first heating element and the second heating el-
ement on the basis of the electromotive force
generated in the heat flux sensor so that the heat
flux flowing between the first heating element
and the second heating element becomes not
more than a predetermined value.

2. A heat quantity control device comprising:

a first heat flux sensor (10a) arranged between
a first heating element and a second heating el-
ement which are arranged adjacently to each
other, where the first heating element, the sec-
ond heating element and a third heating element
are stacked;
a second heat flux sensor (10b) arranged be-
tween the second heating element and the third
heating element formed adjacently to each oth-
er; and
a control section (20) capable of controlling a
heat quantity of the first heating element, the
second heating element and the third heating
element,
wherein a plurality of via holes such as first and
second via holes (101, 102) are formed in the
insulation board (100) made of thermoplastic
resin in a thickness direction of the insulation
board (100) in the first heat flux sensor and the
second heat flux sensor, the first and second via
holes penetrate the insulation board in the thick-
ness direction thereof, first layer connection
members (130) and the second layer connection
members (140) are embedded in the first via
holes and the second via holes, respectively,
wherein the first layer connection member and
the second layer connection member are made
of different metals to each other, the first layer
connection members and the second layer con-
nection members are alternately arranged and
connected together in series, the first layer con-
nection members and the second layer connec-
tion members, which are alternately connected
in the first heat flux sensor, generate an electro-
motive force due to a first heat flux flowing be-
tween the first heating element and the second
heating element, and the first layer connection
members and the second layer connection
members are alternately connected in the sec-
ond heat flux sensor, and the second heat flux
sensor generate an electromotive force due to
a second heat flux flowing between the second
heating element and the third heating element,
the control section adjusts a heat quantity gen-
erated in at least one of the first heating element
and the second heating element on a basis of
the electromotive force generated in the first
heat flux sensor so that the first heat flux be-
comes not less than the predetermined value,
and the control section adjusts a heat quantity
generated in at least one of the second heating
element and the third heating element on the
basis of the electromotive force generated in the
second heat flux sensor so that the second heat
flux becomes not less than the predetermined
value.
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3. The heat quantity control device according to claim
1 or 2, wherein at least one metal forming the first
layer connection members and the second layer con-
nection members is a sintered alloy having a struc-
ture in which a plurality of metal atoms has been
sintered while maintaining a crystal structure of the
metal atoms.

4. The heat quantity control device according to any
one of claims 1 to 3, wherein a front surface protec-
tion member (110) is formed on a surface (100a) of
the insulation board, a front surface pattern (111) is
formed on the front surface protection member (110),
and a back surface protection member (120) is
formed on a back surface (100b) of the insulation
board, a back surface pattern (121) is formed on the
back surface protection member (120), and the back
surface protection member, the insulation board and
the front surface protection member are assembled
together.

5. The heat quantity control device according to any
one of claims 1 to 4, wherein the heat quantity control
device according to any one of claims 1 to 4, wherein
the heating element is a battery pack capable of gen-
erating heat energy when outputting electric power,
and
the control section adjusts the electric power output-
ted from the battery pack in order to adjust a heat
quantity of each of the battery pack.
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