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(54) HEATING DEVICE

(57) The present invention provides a heat generat-
ing apparatus capable of efficiently heating an object to
be heated and making the heat distribution uniform.

The heat generating apparatus according to the
present invention includes: a positive temperature coef-
ficient thermistor heat generating element (1) including
an electrode layer; a first electrode terminal (11, 21); a
second electrode terminal (12, 22); a holder (2) config-
ured to house the positive temperature coefficient ther-
mistor heat generating element (1); and a heat conduc-
tive sheet (3), in which the heat conductive sheet (3) in-
cludes a graphite particle and a polymer compound, a
major axis direction of the graphite particle is substan-
tially orthogonal to the surface of the positive temperature
coefficient thermistor heat generating element (1), and
the positive temperature coefficient thermistor heat gen-
erating element (1) and the holder (2) are assembled in
a state in which they are biased so as to apply pressure
to the heat conductive sheet (3).



EP 3 648 546 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a positive tem-
perature coefficient thermistor (hereinafter referred to as
PTC) heat generating apparatus used for, for example,
heat retention, heating, warming, and freezing preven-
tion, and in particular, to a heat generating apparatus
capable of efficiently heating an object to be heated and
making the heat distribution uniform.

Background Art

[0002] A PTC heat generating element has been used
in the conventional field of heat generating bodies. This
is because a PTC heat generating element has a specific
resistance value at a temperature below a predetermined
temperature (Curie temperature), thereby acting as a
heat generating element, and it has a self-temperature
control function of cutting energization by sharply in-
creasing the resistance value at a predetermined tem-
perature (Curie temperature) or higher, and thus it is ex-
tremely safe. By connecting a pair of electrode terminals
to a PTC heat generating element having such charac-
teristics, performing an appropriate insulation treatment,
and arranging the PTC heat generating element in vari-
ous housings, it is possible to obtain a suitable PTC heat
generating apparatus such as a heater for heat retention
and heating and a heater for freezing prevention for var-
ious devices. Further, such a PTC heat generating ap-
paratus is attached to a pipe for transferring a liquid, gas,
or the like, and can be used for, for example, heat reten-
tion, heating, and warming of the pipe, and prevention of
freezing of the pipe. Examples of the related art related
to the present invention include Patent Literature 1 to 5.

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2016-33358
Patent Literature 1: Japanese Patent No. 5247401
Patent Literature 1: Japanese Patent No. 3804695
Patent Literature 1: Japanese Unexamined Patent
Application Publication No. H8-306469
Patent Literature 1: Japanese Patent No. 5381102

Summary of Invention

Technical Problem

[0004] The PTC heat generating apparatus as de-
scribed above can perform self-temperature control, and
thus the size thereof can be reduced, so that it has already

been put on the market and put to practical use. However,
as the PTC heat generating element does not have flex-
ibility, it is not sufficient for achieving an efficient heating
of a part to be heated such as a pipe, and making heat
distribution uniform, the achievement of which has been
desired.
[0005] The present invention has been made to solve
the above-described problems of the related art, and an
object thereof is to provide a heat generating apparatus
capable of efficiently heating an object to be heated and
making the heat distribution uniform.

Solution to Problem

[0006] In order to achieve the aforementioned object,
a heat generating apparatus according to one aspect of
the present invention includes: a positive temperature
coefficient thermistor heat generating element including
an electrode layer; a first electrode terminal; a second
electrode terminal; a holder configured to house the pos-
itive temperature coefficient thermistor heat generating
element; and a heat conductive sheet, in which the heat
conductive sheet includes a graphite particle and a pol-
ymer compound, and a major axis direction of the graph-
ite particle is substantially orthogonal to the surface of
the positive temperature coefficient thermistor heat gen-
erating element, and the positive temperature coefficient
thermistor heat generating element and the holder are
assembled in a state in which they are biased so as to
apply pressure to the heat conductive sheet.
[0007] Further, the first electrode terminal may include
a first spring terminal, the second electrode terminal may
include a second spring terminal, and the positive tem-
perature coefficient thermistor heat generating element
and the holder may be brought into a state in which they
are biased so as to apply pressure to the heat conductive
sheet by an elastic force of the first spring terminal and
the second spring terminal.
[0008] Further, the first spring terminal and the second
spring terminal may be each formed of a metal plate, and
each may include a supporting part and an biasing part
that is formed at least at one end of each of the terminals,
the biasing part may include a first bent part, a second
bent part bent in a direction opposite to a direction in
which the first bent part is bent, and a plane end part
formed so as to be substantially orthogonal to a longitu-
dinal direction of the supporting part and to extend toward
an end of the biasing part opposite to the supporting part,
and the first spring terminal and the second spring ter-
minal may be located so that a direction in which the first
bent part is bent in the first spring terminal is opposite to
a direction in which the first bent part is bent in the second
spring terminal.
[0009] Further, the positive temperature coefficient
thermistor heat generating element, the first electrode
terminal, the second electrode terminal, the holder, and
the heat conductive sheet may be arranged in a housing
having at least one open side, a lid part may be located
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at an opening of the housing via a packing, and the hous-
ing may be fixed to the lid part by a screw, so that a
structure capable of adjusting an biasing pressure by an
amount of fastening of the screw and an elastic force of
the packing may be formed.
[0010] Further, the electrode layer can be composed
of a pair of electrode layers, the first electrode terminal
may include the first spring terminal and a first clip ter-
minal, the second electrode terminal may include the sec-
ond spring terminal and a second clip terminal, and the
pair of electrode layers may be both formed on one main
surface of the positive temperature coefficient thermistor
heat generating element, and may be covered with the
first clip terminal, the second clip terminal, and an adhe-
sive.
[0011] Further, the holder may be formed of silicon car-
bide, and an oxide film may be provided on the outer
surface of the holder.
[0012] Further, the holder may be in a state in which
at least a part of the oxide film is peeled off from the
surface of the holder that comes into contact with the
heat conductive sheet.

Advantageous Effects of Invention

[0013] In the heat generating apparatus according to
the present invention, by using a heat conductive sheet
and applying pressure thereto, it is possible to reduce
heat loss related to heat conduction and increase heat
conductivity. Accordingly, the heat generating apparatus
according to the present invention can efficiently heat an
object to be heated, and make the heat distribution sub-
stantially uniform.

Brief Description of Drawings

[0014]

Fig. 1 is a cross-sectional view showing a state in
which a heat generating apparatus according to one
aspect of the present invention is attached to an ob-
ject to be heated;
Fig. 2 is a perspective view showing a state in which
the heat generating apparatus according to the one
aspect of the present invention is assembled;
Fig. 3 is a plan view showing a PTC heat generating
element according to the one aspect of the present
invention; and
Fig. 4 is a side view showing a first spring terminal
or a second spring terminal according to the one as-
pect of the present invention.

Description of Embodiments

[0015] Embodiments of the present invention will be
described hereinafter with reference to Figs. 1 to 4. In
this embodiment, an example will be described in which
it is assumed that a pipe is used as an object to be heated,

and a heat generating apparatus according to the present
invention is attached to the pipe.
[0016] A PTC heat generating element 1 includes a
barium titanate-based ceramic element formed in a sub-
stantially square plate shape having a length of 14.0 mm,
a width of 18.5 mm, and a thickness of 1.5 mm, and in-
cludes two main surfaces and four side surfaces. As
shown in Fig. 3, on one main surface of the PTC heat
generating element 1, two electrodes are alternately
formed in a comb pattern using silver paste, and these
electrodes are respectively referred to as an electrode
layer 1a, and an electrode layer 1b. One of the electrode
layer 1a and the electrode layer 1b is a positive electrode,
and the other is a negative electrode. Note that the ma-
terial of the PTC heat generating element may be appro-
priately selected according to the required heat genera-
tion characteristics (e.g., Curie temperature).
[0017] In this embodiment, a first electrode terminal
includes a first clip terminal 11 and a first spring terminal
21, and a second electrode terminal includes a second
clip terminal 12 and a second spring terminal 22. The
first and the second clip terminals 11 and 12 are each
made of a phosphor bronze plate having a thickness of
0.15 mm and an excellent spring elasticity, and the cross
sections thereof are sideways U-shapes in each of which
the tip is slightly narrower than the base. Therefore, when
the first and the second clip terminals 11 and 12 are at-
tached to the PTC heat generating element 1, these clip
terminals are fixed to the PTC heat generating element
1 due to their restoring force. The PTC heat generating
element 1 is fitted into the sideways U-shaped openings
of each clip terminal so that the first clip terminal 11 comes
into contact with the electrode layer 1a and the second
clip terminal 12 comes into contact with the electrode
layer 1b.
[0018] A holder 2 according to this embodiment is
made of silicon carbide, and has a case shape for housing
the PTC heat generating element 1 to which the first and
the second clip terminals 11 and 12 are attached. The
surface of the PTC heat generating element 1 on which
the electrode layers 1a and 1b are formed comes into
contact with the holder 2. Note that the PTC heat gener-
ating element 1 may be fixed to the holder 2 with an ad-
hesive 5 such as a silicone-based adhesive. In particular,
the electrode layers 1a and 1b are preferably covered
with the first electrode terminal 11, 21, the second elec-
trode terminal 12, 22, and the adhesive 5, because the
electrode layers 1a and 1b can be protected and migra-
tion can be prevented.
[0019] A heat conductive sheet 3 is located adjacent
to the bottom surface of the holder 2 housing the PTC
heat generating element 1. The heat conductive sheet 3
includes graphite particles and a polymer compound, and
is formed so that the major axis direction of the graphite
particle is substantially orthogonal to the surface of the
positive temperature coefficient thermistor heat generat-
ing element 1. As the heat conductive sheet 3, for exam-
ple, the one disclosed in Patent Literature 5 can be used.
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[0020] A housing 31 used in this embodiment is made
of nylon 66, one surface of the housing 31 is open, and
a through hole is formed in the one surface so as to be
parallel thereto. A copper pipe having a substantially rec-
tangular cross section is fitted into the through hole as
an object to be heated 41. An annular projection for con-
necting the housing 31 to another pipe member is formed
on an outer periphery of the part of the housing 31 in
which the through hole is formed. Alternatively, a con-
nection structure such as a flange and threading may be
formed on the above outer periphery.
[0021] The first and the second spring terminals 21 and
22 are each formed of a beryllium copper plate having a
thickness of 0.3 mm and an excellent spring elasticity,
and respectively include supporting parts 21a and 22a
and biasing parts 21b and 22b formed in at least one end
of each of the terminals as shown in Fig. 4. The biasing
parts 21b and 22b respectively include first bent parts
21c and 22c formed so as to be substantially perpendic-
ular to the longitudinal direction of the supporting parts
21a and 22a, plane end parts 21e, 22e formed so as to
be substantially orthogonal to the longitudinal direction
of the supporting parts 21a and 22a, and second bent
parts 21d and 22d that are respectively formed between
the first bent parts 21c and 22c and the plane end parts
21e and 22e, and that are respectively bent in the direc-
tion opposite to the direction in which the first bent parts
21c and 22c are bent. Further, the plane end parts 21e
and 22e respectively extend from the second bent parts
toward the ends of the plane end parts 21e and 22e op-
posite to the supporting parts 21a and 22a. The support-
ing parts 21a and 22a have a stepped shape in which
the proximal sides of the biasing parts 21b and 22b are
thin and the distal sides of the same are thick, respec-
tively. The stepped part may be formed by cutting off or
may be formed by bending. The position of the stepped
part is designed by taking the distance between a lid part
32 and the PTC heat generating element 1, the elastic
forces of the first spring terminal 21 and the second spring
terminal 22, and the pressure required for the heat con-
ductive sheet 3 into consideration.
[0022] The lid part 32 used in this embodiment is made
of nylon 66, and has a shape that covers the opening of
the housing 31. The lid part 32 has a part extending along
the inner wall of the housing 31. Screw holes for fastening
the housing 31 to the lid part 32 are formed at the four
corners of the lid part 32. Further, holes for inserting into
the first and the second spring terminals 21 and 22 are
formed at a substantially center part of the lid part 32.
[0023] In this embodiment, a small-diameter packing
33a and a large-diameter packing 33b are used. These
are made of fluoro rubber, the small-diameter packing
33a has an annular shape that matches the opening de-
fined by the inner wall of the housing 31, and the large-
diameter packing 33b has an annular shape so that it
can be located on the side wall of the housing 31.
[0024] The assembly of these components will be de-
scribed below. The housing 31 includes a copper pipe

that is the object to be heated 41 fitted thereinto, and the
copper pipe serves as the bottom thereof. Further, on
this copper pipe, the heat conductive sheet 3, the holder
2, and the PTC heat generating element 1 to which the
first and the second clip terminals 11 and 12 are attached
are sequentially arranged. As described above, the sur-
face of the PTC heat generating element 1 on which the
electrode layers 1a and 1b are formed comes into contact
with the holder 2. The packing 33a is located on the holder
2 so as to be along the inner wall of the housing 31 and
so as to surround the PTC heat generating element 1.
The packing 33b is located on the side wall of the housing
31. Further, the first and the second spring terminals 21
and 22 are inserted into the holes formed in the lid part
32, and the first and the second spring terminals 21 and
22 are extended above and below the lid part 32. At this
time, the first and the second spring terminals 21 and 22
are arranged so that the direction in which the first bent
part 21c of the first spring terminal 21 is bent is opposite
to the direction in which the first bent part 22c of the sec-
ond spring electrode 22 is bent. Further, as described
above, the supporting parts 21a and 22a of the respective
first and the second spring terminals 21 and 22 each
have a stepped shape, and this stepped part functions
as a stopper, and thus the first and the second spring
terminals 21 and 22 cannot be inserted beyond the
stepped part. It is obvious that the stopper may be formed
by a method other than stepping, such as pinning, bend-
ing, and adhesion. In this state, the lid part 32 is located
so as to cover the housing 31, screws 34 having a hex-
agonal hole of M2310 mm (length) are screwed in each
M2 insert nut 35 fitted into the four corners of the lid part
32 and each M2 insert nut 36 fitted into the four corners
of the housing 31, so that the housing 31 is fastened and
fixed to the lid part 32. Note that the first and the second
spring terminals 21 and 22 extending above the lid part
32 are connected to a power supply through a connector
and a lead wire (not shown).
[0025] According to the aforementioned structure, due
to energization by elastic repulsion of the biasing parts
21b and 22b of the first and the second spring terminals
21 and 22 and the packings 33a and 33b, the first spring
terminal 21 comes into contact with the first clip terminal
11, the second spring terminal 22 comes into contact with
the second clip terminal 12, and further the heat conduc-
tive sheet 3 is compressed by receiving pressure via the
PTC heat generating element 1 and the holder 2. This
heat conductive sheet 3 has a high heat conductivity due
to compression. Accordingly, the heat conductivity in-
creases while the gap between the object to be heated
41 and the holder 2 is closed, thereby enabling the object
to be heated 41 to be efficiently heated. Further, by using
the elastic repulsion by the biasing parts 21b and 22b
and the packings 33a and 33b of the first and the second
spring terminals 21 and 22, it is possible to adjust the
pressure on the heat conductive sheet by the amount of
tightening the screw 34, prevent a bias of the pressure
distribution, and perform energization with a uniform
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pressure. As the heat conductivity of the heat conductive
sheet 3 changes depending on the degree of compres-
sion, the heat distribution can be made uniform by making
the pressure distribution uniform. In particular, if the first
spring terminal 21 and the second spring electrode 22
are arranged so that the direction in which the first bent
part 21c of the first spring terminal 21 is bent is opposite
to the direction in which the first bent part 22c of the sec-
ond spring electrode 22 is bent, the pressure received
by the heat conductive sheet 3 becomes more uniform.
[0026] The aforementioned embodiment is an exam-
ple, and there are other conceivable aspects as shown
below.
[0027] In the aforementioned embodiment, although
the copper pipe that is the object to be heated 41 is fitted
into the housing 31 in a state in which the object to be
heated penetrates the housing, it is obvious that the ob-
ject to be heated may be located outside of the housing.
In this case, the heat generating apparatus is configured
so that the heat conductive sheet is located between the
PTC heat generating element and the object to be heat-
ed.
[0028] Further, the copper pipe that is the object to be
heated 41 in the aforementioned embodiment may be
used as merely a soaking member, and another pipe may
be arranged as an object to be heated in this soaking
member. Furthermore, as the object to be heated 41, a
pipe having a plurality of flow paths shown in Patent Lit-
erature 1 may be used.
[0029] Further, in the aforementioned embodiment, al-
though two electrode layers, that is, the electrode layers
1a and 1b, are formed on one main surface of the PTC
heat generating element 1, the electrode layers 1a and
1b may be formed on each of both main surfaces of the
PTC heat generating element. In this case, one of the
first clip terminal 11 and the second clip terminal 12 can
be omitted. Further, electrode layers may be formed on
the side surface and one main surface of the PTC heat
generating element so that they are continuously con-
nected with the electrode layer formed on the other main
surface of the PTC heat generating element. By doing
so, one or both of the first clip terminal 11 and the second
clip terminal 12 can be omitted. Further, the material of
the electrode layers 1a and 1b is not limited to silver
paste, and for example, the electrode layers 1a and 1b
can be formed using various materials such as gold, cop-
per, aluminum, and a conductive resin by other methods
such as plating and vapor deposition.
[0030] The material of the first and the second clip ter-
minals 11 and 12, and the first and the second spring
terminals 21 and 22 is not limited to a particular material
as long as it has spring elasticity and functions as an
electrode. For example, the first and the second clip ter-
minals 11 and 12, and the first and the second spring
terminals 21 and 22 can be formed using metal plates
such as a stainless steel plate, a phosphor bronze plate,
a beryllium copper plate, a nickel plated brass plate, a
tin plated brass plate, and a silver plated brass plate.

Among these metal plates, a stainless steel plate, a be-
ryllium copper plate, a phosphor bronze plate, and the
like are particularly preferable because they can suffi-
ciently retain their spring elasticity even when they are
subjected to a thermal cycle over a long period of time.
[0031] As the material of the holder 2, for example,
various ceramics such as alumina, zirconia, silicon car-
bide, and silicon nitride, a resin material, and a rubber
material can be used. The holder 2 is preferably made
of an insulating material. However, especially when using
a heating device at a low voltage, it is possible to further
improve the heat generation characteristics of the heat
generating apparatus by giving priority to a high heat con-
ductivity and using silicon carbide that is a semiconduc-
tor. Further, the holder 2 may be formed using a semi-
conductor material or a conductor material of which the
outer surface is coated with an insulating material.
[0032] For example, when the holder 2 is formed of
silicon carbide, the surface of the silicon carbide is oxi-
dized to form a silicon oxide film on the outer surface of
the holder 2. As a result, this silicon oxide film forms an
insulating film of about 107Ω on the outer surface of the
holder 2. Further, even when a silicon oxide film is formed
on the outer surface of the holder 2 as described above,
it is possible to increase the heat conductivity of the hold-
er 2 by polishing the surface of the holder 2 that comes
into contact with the heat conductive sheet 3 so that at
least some of the silicon oxide film is peeled off and mak-
ing the surface roughness lower than those of the other
surfaces.
[0033] The material of the housing 31 and the lid part
32 is not limited to a particular material but preferably
has an excellent heat resistance, and insulation proper-
ties. For example, various resin materials such as nylon,
aramid, polypropylene, polyester, polystyrene, polyphe-
nylene sulfide, and polycarbonate can be used.
[0034] It is preferred that the material of the packings
33a and 33b be flexible and elastic, and have an excellent
oil resistance and a heat resistance, and examples there-
of include various rubber materials such as fluoro rubber,
silicone rubber, and acrylic rubber.
[0035] As described above, according to the present
invention, it is possible to provide a heat generating ap-
paratus capable of efficiently heating an object to be heat-
ed and making the heat distribution substantially uniform.
Such a heat generating apparatus can be used, for ex-
ample, as a heater for heat retention, heating, and warm-
ing of home appliances, housing equipment, an automo-
bile engine part, a plant, and a pipe, and prevention of
freezing of the same. Further, it can be suitably used as
a heater for liquid evaporation of aromatics and various
drugs.
[0036] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2017-126382, filed on June 28, 2017, the disclosure of
which is incorporated herein in its entirety by reference.
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Reference Signs List

[0037]

1 PTC HEAT GENERATING ELEMENT
1a, 1b ELECTRODE LAYER
2 HOLDER
3 HEAT CONDUCTIVE SHEET
5 ADHESIVE
11 FIRST CLIP TERMINAL
12 SECOND CLIP TERMINAL
21 FIRST SPRING TERMINAL
22 SECOND SPRING TERMINAL
31 HOUSING
32 LID PART
33a, 33b PACKING
41 OBJECT TO BE HEATED

Claims

1. A heat generating apparatus comprising:

a positive temperature coefficient thermistor
heat generating element comprising an elec-
trode layer;
a first electrode terminal;
a second electrode terminal;
a holder configured to house the positive tem-
perature coefficient thermistor heat generating
element; and
a heat conductive sheet, wherein
the heat conductive sheet includes a graphite
particle and a polymer compound, and a major
axis direction of the graphite particle is substan-
tially orthogonal to the surface of the positive
temperature coefficient thermistor heat gener-
ating element, and
the positive temperature coefficient thermistor
heat generating element and the holder are as-
sembled in a state in which they are biased so
as to apply pressure to the heat conductive
sheet.

2. The heat generating apparatus according to Claim
1, wherein
the first electrode terminal comprises a first spring
terminal,
the second electrode terminal comprises a second
spring terminal, and
the positive temperature coefficient thermistor heat
generating element and the holder apply pressure
to the heat conductive sheet by an elastic force of
the first spring terminal and the second spring termi-
nal.

3. The heat generating apparatus according to Claim
2, wherein

the first spring terminal and the second spring termi-
nal are each formed of a metal plate, and each com-
prise a supporting part and an biasing part that is
formed at least at one end of each of the terminals,
and
the biasing part includes a first bent part, a second
bent part bent in a direction opposite to a direction
in which the first bent part is bent, and a plane end
part formed so as to be substantially orthogonal to
a longitudinal direction of the supporting part and to
extend toward an end of the biasing part opposite to
the supporting part, and
the first spring terminal and the second spring termi-
nal are located so that a direction in which the first
bent part is bent in the first spring terminal is opposite
to a direction in which the first bent part is bent in the
second spring terminal.

4. The heat generating apparatus according to Claim
1, wherein
the positive temperature coefficient thermistor heat
generating element, the first electrode terminal, the
second electrode terminal, the holder, and the heat
conductive sheet are arranged in a housing having
at least one open side,
a lid part is located at an opening of the housing via
a packing, and
the housing is fixed to the lid part by a screw,
thereby forming a structure capable of adjusting an
biasing pressure by an amount of fastening of the
screw and an elastic force of the packing.

5. The heat generating apparatus according to any one
of Claims 2 to 4, wherein
the electrode layer is composed of a pair of electrode
layers,
the first electrode terminal comprises a first spring
terminal and a first clip terminal,
the second electrode terminal comprises a second
spring terminal and a second clip terminal, and
the pair of electrode layers are both formed on one
main surface of the positive temperature coefficient
thermistor heat generating element, and are covered
with the first clip terminal, the second clip terminal,
and an adhesive.

6. The heat generating apparatus according to any one
of Claims 1 to 5, wherein the holder is formed of
silicon carbide, and an oxide film is provided on the
outer surface of the holder.

7. The heat generating apparatus according to Claim
6, wherein the holder is in a state in which at least a
part of the oxide film is peeled off from the surface
of the holder that comes into contact with the heat
conductive sheet.
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