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(54) HEATER AND GLOW PLUG EQUIPPED WITH SAME

(57) A heater of the present disclosure includes a
ceramic body having a rod shape, and a heating resistor
provided in an interior of the ceramic body. The heating
resistor includes a fold-back portion and a projection hav-

ing a wire shape and extending across an entirety of an
outer periphery of the fold-back portion in a folding-back
direction.
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Description

Technical Field

[0001] The present disclosure relates to a heater uti-
lized as, for example, a heater for ignition or flame de-
tection in a combustion-type vehicle-mounted heating
device, a heater for ignition for various combustion equip-
ment such as an oil fan heater, a heater for a glow plug
of a diesel engine, a heater for various sensors such as
an oxygen sensor, a heater for heating measuring equip-
ment, and a glow plug equipped with such a heater.

Background Art

[0002] As a heater, there have been known ceramic
heaters such as that described in JP 2007-240080 A
(hereinafter referred to as Patent Document 1), for ex-
ample. The ceramic heater described in Patent Docu-
ment 1 includes a base having a rod shape and made of
ceramic, and a heating element embedded in this base.
The heating element includes a pair of electrically con-
ductive portions each having a rod shape and extending
in an axis direction, and has a circular shape when the
electrically conductive portions are viewed in a cross sec-
tion perpendicular to the axis direction.

Summary of Invention

[0003] A heater of an aspect of the present disclosure
includes a ceramic body having a rod shape, and a heat-
ing resistor provided in an interior of the ceramic body.
The heating resistor includes a fold-back portion, and a
projection having a wire shape and extending across an
entirety of an outer periphery of the fold-back portion in
a folding-back direction.

Brief Description of Drawings

[0004]

FIG. 1 is a vertical cross-sectional view illustrating
an example of a heater.
FIG. 2 is a horizontal cross-sectional view of the heat-
er illustrated in FIG. 1 taken along line A-A’.
FIG. 3 is a horizontal cross-sectional view illustrating
another example of a heater.
FIG. 4 is a vertical cross-sectional view illustrating
another example of a heater.
FIG. 5 is a vertical cross-sectional view illustrating
another example of a heater.
FIG. 6 is a vertical cross-sectional view illustrating
an example of an embodiment of a glow plug.
FIG. 7 is a horizontal cross-sectional view illustrating
another example of a heater.
FIG. 8 is a schematic view illustrating a front surface
of a heating resistor of a heater of another example.

Description of Embodiment

[0005] As illustrated in FIG. 1, a heater 1 includes a
ceramic body 2, a heating resistor 3 embedded in the
ceramic body 2, and leads 4 connected to the heating
resistor 3 and drawn to a front surface of the ceramic
body 2.
[0006] The ceramic body 2 of the heater 1 is formed
into a rod shape having a longitudinal direction, for ex-
ample. The heating resistor 3 and the leads 4 are em-
bedded in this ceramic body 2. Here, the ceramic body
2 includes ceramic. As a result, it is possible to provide
the heater 1 having high reliability under rapid tempera-
ture rise. Examples of the ceramic include ceramic hav-
ing an electrical insulating property such as oxide ceram-
ic, nitride ceramic, or carbide ceramic. Particularly, the
ceramic body 2 may include silicon nitride ceramic. This
is because silicon nitride, which serves as a primary com-
ponent of silicon nitride ceramic, is excellent in terms of
strength, toughness, electrical insulating property, and
thermal resistance. The ceramic body 2 including silicon
nitride ceramic is obtained by, for example, mixing from
3 to 12 mass% of rare earth element oxide such as Y2O3,
Yb2O3, or Er2O3 as a sintering aid, from 0.5 to 3 mass%
of Al2O3, and from 1.5 to 5 mass% of SiO2 in terms of
an amount of SiO2 contained in the sintered body into
silicon nitride, which is the primary component, forming
the mixture into a predetermined shape, and subsequent-
ly subjecting the mixture to hot press firing at a temper-
ature of from 1650 to 1780°C. The length of the ceramic
body 2 is set to from 20 to 50 mm, for example, and the
diameter of the ceramic body 2 is set to from 3 to 5 mm,
for example.
[0007] Note that, when the ceramic body 2 including
silicon nitride ceramic is used, MoSiO2, WSi2, or the like
may be mixed and dispersed into the ceramic body 2. In
this case, a coefficient of thermal expansion of the silicon
nitride ceramic serving as a base material can be made
approximate to a coefficient of thermal expansion of the
heating resistor 3, thus enhancing a durability of the heat-
er 1.
[0008] The heating resistor 3 is provided in an interior
of the ceramic body 2. The heating resistor 3 is provided
on a leading end side (first end side) of the ceramic body
2. The heating resistor 3 is a member that generates heat
by the flow of electrical current therethrough. The heating
resistor 3 includes linear portions 32 extending in the
longitudinal direction of the ceramic body 2, and a fold-
back portion 30 connecting the linear portions 32. As the
heating resistor 3, a heating resistor containing carbide,
nitride, silicide or the like of W, Mo, Ti or the like as a
primary component can be used. When the ceramic body
2 includes silicon nitride ceramic, from a viewpoint that
a difference in the coefficients of thermal expansion of
the heating resistor 3 and the ceramic body 2 is small
and from a viewpoint that the heating resistor 3 exhibits
high thermal resistance, tungsten carbide (WC) is excel-
lent as the material of the heating resistor 3 among the
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materials described above.
[0009] Further, when the ceramic body 2 includes sil-
icon nitride ceramic, the heating resistor 3 may contain
WC, which is an inorganic electrically conductive mate-
rial, as a primary component, and the content of silicon
nitride to be added to WC may be 20 mass% or greater.
For example, in the ceramic body 2 including silicon ni-
tride ceramic, electrically conductive elements that form
the heating resistor 3 have large coefficients of thermal
expansion compared to the coefficient of thermal expan-
sion of silicon nitride, and thus the heating resistor 3 is
usually in a state where a tensile stress is applied to the
heating resistor 3. In contrast, with the addition of silicon
nitride into the heating resistor 3, the coefficient of thermal
expansion of the heating resistor 3 can be brought close
to the coefficient of thermal expansion of the ceramic
body 2, and thus stress caused by the difference in co-
efficients of thermal expansion between a time where a
temperature of the heater 1 is elevated and a time where
a temperature of the heater 1 is lowered can be alleviated.
[0010] Further, when the content of silicon nitride con-
tained in the heating resistor 3 is 40 mass% or less, a
variation of a resistance value of the heating resistor 3
can be reduced. Accordingly, the content of silicon nitride
contained in the heating resistor 3 may be from 20 to 40
mass%. Preferably, the content of silicon nitride is from
25 to 35 mass%. Further, as an additive to be added into
the heating resistor 3 in the same manner as silicon ni-
tride, from 4 to 12 mass% of boron nitride may be added
in place of silicon nitride. A total length of the heating
resistor 3 can be set to from 3 to 15 mm, and the cross-
sectional area may be set to from 0.15 to 0.8 mm2.
[0011] The leads 4 are members for electrically con-
necting the heating resistor 3 and an external power sup-
ply. The leads 4 are connected to the heating resistor 3
and drawn to the front surface of the ceramic body 2.
Specifically, the leads 4 are bonded to both end portions
of the heating resistor 3, one lead 4 is connected to a
first end of the heating resistor 3 on one end and led from
a side surface near a rear end of the ceramic body 2 on
the other end, and the other lead 4 is connected to a
second end of the heating resistor 3 on one end and led
from the rear end portion of the ceramic body 2 on the
other end.
[0012] The leads 4 are formed using the same material
as that of the heating resistor 3, for example. The leads
4 include WC, for example. The leads 4 have a greater
cross-sectional area than that of the heating resistor 3,
a lower content of the formation materials of the ceramic
body 2 than that of the heating resistor 3, and thus a low
resistance value per unit length. Further, the leads 4 may
contain WC, which is an inorganic electrically conductive
material, as a primary component, and the content of
silicon nitride to be added to WC may be 15 mass% or
greater. Along with the increase in content of silicon ni-
tride, the coefficient of thermal expansion of the leads 4
can be brought close to the coefficient of thermal expan-
sion of the silicon nitride constituting the ceramic body

2. Further, when the content of silicon nitride is 40 mass%
or less, a resistance value of the leads 4 decreases and
becomes stable. Accordingly, the content of silicon nitride
may be from 15 to 40 mass%. Further, the content of
silicon nitride may be from 20 to 35 mass%.
[0013] Here, the heater 1 of the present embodiment,
as illustrated in FIG. 1, includes the ceramic body 2 hav-
ing a rod shape, and the heating resistor 3 provided in
the interior of the ceramic body 2, with the heating resistor
3 including the fold-back portion 30 and a projection 31
having a wire shape and extending across an entirety of
an outer periphery of the fold-back portion 30 in a folding-
back direction. The projection 31 projects outward and
extends along an entirety of the fold-back portion 30
along the fold-back portion 30. In this way, with the pro-
vision of the projection 31 having a wire shape and ex-
tending across the entirety of the outer periphery of the
fold-back portion 30 of the heating resistor 3 in the folding-
back direction, the heat can be readily dispersed from
the projection 31 having a wire shape to the ceramic body
2. This makes it possible to reduce the amount of heat
momentarily trapped in the heating resistor 3 and thus
reduce the thermal stress between the heating resistor
3 and the ceramic body 2. Thus, the possibility of the
occurrence of cracks in the heating resistor 3 can be re-
duced. As a result, a long-term reliability of the heater 1
can be improved.
[0014] Further, as illustrated in FIG. 2, the projection
31 may be positioned on an outermost periphery of the
fold-back portion 30. In this way, the heat can be more
readily dispersed to the outer peripheral side of the ce-
ramic body 2, making it possible to further reduce the
amount of heat momentarily trapped in the heating re-
sistor 3. In the heater 1 illustrated in FIG. 2, the cross-
section shape of the fold-back portion 30 is elliptical. The
fold-back portion 30 folds back on an imaginary plane.
The cross-section shape of the fold-back portion 30 has
a major axis in the direction perpendicular to the imagi-
nary plane on which the fold-back portion 30 folds back.
The projection 31 is positioned on an extended line of a
minor axis of the elliptical shape.
[0015] While the projection 31 has a triangular shape
in FIG. 2, the shape is not limited thereto. For the projec-
tion 31, various shapes can be used. For example, the
shape may be semicircular or semi-elliptical. The length
(height) of the projection 31 in the direction of projection
can be set to from 5 to 30 mm, for example.
[0016] Further, as illustrated in FIG. 3, a tip of the pro-
jection 31 when viewed in a cross section perpendicular
to an extending direction of the projection 31 may have
a smooth curved shape. In this way, the possibility of the
occurrence of cracks in the ceramic body 2 caused by a
contact portion that comes into contact with the projection
31 can be reduced.
[0017] Further, as illustrated in FIG. 4, the heating re-
sistor 3 may include the fold-back portion 30 and the lin-
ear portions 32 connected to the fold-back portion 30,
with the projection 31 extending to the linear portions 32.
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In this way, heat can be more readily transmitted from
the heating resistor 3 to the ceramic body 2. This makes
it possible to further reduce the trapping of heat in the
heating resistor 3.
[0018] Further, with the projection 31 continuously
formed from the fold-back portion 30 to the linear portions
32, end portions of the projection 31 are positioned on
the linear portions 32 and not on the fold-back portion
30. Because the heat tends to become trapped particu-
larly in the fold-back portion 30, the heating resistor 3
including the fold-back portion 30 may be subjected to a
large concentration of thermal stress at the end portions
of the projection 31 when the end portions of the projec-
tion 31 are positioned in the middle of the fold-back por-
tion 30. By positioning the end portions of the projection
31 on the linear portions 32 as illustrated in FIG. 4, it is
possible to reduce the possibility of concentration of ther-
mal stress in the end portions of the projection 31.
[0019] Further, as illustrated in FIG. 5, the heating re-
sistor 3 may further include a second projection 33 having
a wire shape and extending across an entirety of an inner
periphery of the fold-back portion 30 in the folding-back
direction. In this way, heat can be more readily transmit-
ted from the heating resistor 3 to the ceramic body 2. For
the second projection 33, various shapes can be used.
For example, the shape may be semicircular or semi-
elliptical. The length (height) of the second projection 33
in the direction of projection can be set to from 5 to 30
mm, for example. Further, a tip of the projection 33 when
viewed in a cross section perpendicular to an extending
direction of the projection 33 may have a smooth curved
shape. In this way, the possibility of the occurrence of
cracks in the ceramic body 2 caused by a contact portion
that comes into contact with the second projection 33
can be reduced.
[0020] As illustrated in FIG. 6, a glow plug 10 includes
the heater 1 described above, and a metal tube 5 having
a tubular shape and attached so as to cover a rear end
side (second end side) of the heater 1. The glow plug 10
further includes an electrode fitting 6 disposed on an inner
side of the metal tube 5 and attached to the rear end of
the heater 1. According to the glow plug 10, because the
heater 1 described above is used, durability is improved.
[0021] The metal tube 5 is a member for holding the
ceramic body 2. The metal tube 5 is a tubular member,
and is attached so as to surround the rear end side of
the ceramic body 2. That is, the ceramic body 2 having
a rod shape is inserted into the inner side of the metal
tube 5 having a tubular shape. The metal tube 5 is pro-
vided to a side surface on the rear end side of the ceramic
body 2, and is electrically connected to the exposed por-
tions of the leads 4. The metal tube 5 includes, for ex-
ample, stainless steel or iron (Fe) - nickel (Ni) - cobalt
(Co) alloy.
[0022] The metal tube 5 and the ceramic body 2 are
bonded by a brazing material. The brazing material is
provided so as to surround the rear end side of the ce-
ramic body 2, between the metal tube 5 and the ceramic

body 2. With the brazing material provided, the metal
tube 5 and the leads 4 are electrically connected.
[0023] As the brazing material, a silver (Ag) - copper
(Cu) brazing material, a silver brazing material, or a cop-
per brazing material containing glass components in an
amount from 5 to 20 mass% or the like can be used. The
glass components have favorable wettability with the ce-
ramic of the ceramic body 2 and a high friction coefficient,
making it possible to improve a bonding strength between
the brazing material and the ceramic body 2 or a bonding
strength between the brazing material and the metal tube
5.
[0024] The electrode fitting 6 is positioned on the inner
side of the metal tube 5, and attached to the rear end of
the ceramic body 2 so as to be electrically connected to
the leads 4. As the electrode fitting 6, various forms may
be used. In the example illustrated in FIG. 9, the electrode
fitting 6 is configured by connecting a cap portion at-
tached to the rear end of the ceramic body 2 so as to
cover the rear end including the leads 4, and a coil-
shaped portion electrically connected to an external con-
necting electrode, by a wire-shaped portion. This elec-
trode fitting 6 is kept separated from an inner peripheral
surface of the metal tube 5 so as to not cause a short
with the metal tube 5.
[0025] The electrode fitting 6 is a metal wire having a
coil-shaped portion provided to alleviate stress in the con-
nection with the external power supply. The electrode
fitting 6 is electrically connected to the leads 4, and elec-
trically connected to the external power supply. Voltage
is applied between the metal tube 5 and the electrode
fitting 6 by the external power supply, making it possible
to allow electrical current to flow to the heating resistor
3 via the metal tube 5 and the electrode fitting 6. The
electrode fitting 6 includes, for example, nickel or stain-
less steel. The heater 1 can be formed by, for example,
injection molding or the like which uses metal molds hav-
ing shapes of the heating resistor 3, the leads 4, and the
ceramic body 2, respectively, of the configuration de-
scribed above.
[0026] Further, as illustrated in FIG. 7, the heater 1
may include the ceramic body 2 having a rod shape, and
the heating resistor 3 provided in the interior of the ce-
ramic body 3, with the heating resistor 3 including the
fold-back portion 30 and a stepped portion 34 having a
wire shape and extending across the entirety of the outer
periphery of the fold-back portion 30 in the folding-back
direction. In this way, with the provision of the stepped
portion 34 having a wire shape and extending across the
entirety of the outer periphery of the fold-back portion 30
of the heating resistor 3 in the folding-back direction, the
heat can be readily dispersed from the stepped portion
34 having a wire shape to the ceramic body 2. This makes
it possible to reduce the amount of heat momentarily
trapped in the heating resistor 3 and thus reduce the ther-
mal stress between the heating resistor 3 and the ceramic
body 2. Thus, the possibility of the generation of cracks
in the heating resistor 3 can be reduced. As a result, the
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long-term reliability of the heater 1 can be improved.
[0027] Further, as illustrated in FIG. 7, the stepped por-
tion 34 may be positioned on the outermost periphery of
the fold-back portion 30. In this way, the heat can be
more readily dispersed to the outer peripheral side of the
ceramic body 2, making it possible to further reduce the
amount of heat momentarily trapped in the heating re-
sistor 3.
[0028] Further, the heating resistor 3 may further in-
clude a second stepped portion 35 having a wire shape
and extending across the entirety of the inner periphery
of the fold-back portion 30 in the folding-back direction.
In this way, heat can be more readily transmitted from
the heating resistor 3 to the ceramic body 2, making it
possible to further reduce the trapping of the heat in the
heating resistor 3.
[0029] Further, as illustrated in FIG. 8, the heating re-
sistor 3 may further include a third projection 36 having
a wire shape and extending across the inner periphery
and the outer periphery. Note that, in FIG. 8, the focus
is on the third projection 36 and thus the projection 31 or
the stepped portion 34 is omitted. With the third projection
36 provided, heat can be more readily transmitted from
the heating resistor 3 to the ceramic body 2.
[0030] In FIG. 8, the third projection 36 extends diag-
onally in the folding-back direction of the fold-back portion
30. In this way, the heat can be more readily dispersed
to the inner peripheral side and the outer peripheral side
across a wider range of the ceramic body 2, making it
possible to further reduce the amount of heat momentar-
ily trapped in the heating resistor 3 under rapid temper-
ature rise. Note that the third projection 36 may extend
diagonally in the folding-back direction, or may extend in
a direction perpendicular to the folding-back direction.
When extended in a direction perpendicular to the fold-
ing-back direction, the third projection 36 may be provid-
ed across the entire periphery of the fold-back portion
30. In other words, the third projection 36 may be formed
into an annular shape and provided across the entire
periphery of the fold-back portion 30.

Reference Signs List

[0031]

1 Heater
2 Ceramic body
3 Heating resistor
30 Fold-back portion
31 Projection
32 Linear portion
33 Second projection
34 Stepped portion
35 Second stepped portion
36 Third projection
4 Lead
5 Metal tube
6 Electrode fitting

10 Glow plug

Claims

1. A heater comprising:

a ceramic body having a rod shape; and
a heating resistor provided in an interior of the
ceramic body,
wherein
the heating resistor comprises a fold-back por-
tion and a projection having a wire shape and
extending across an entirety of an outer periph-
ery of the fold-back portion in a folding-back di-
rection.

2. The heater according to claim 1, wherein the projec-
tion is positioned on an outermost periphery of the
fold-back portion.

3. The heater according to claim 1 or 2, wherein a tip
of the projection when viewed in a cross section per-
pendicular to an extending direction of the projection
has a smooth curved shape.

4. The heater according to any one of claims 1 to 3,
wherein
the heating resistor comprises the hold-back portion
and a linear portion connected to the fold-back por-
tion, and
the projection extends to the linear portions.

5. The heater according to any one of claims 1 to 4,
wherein the heating resistor further comprises a sec-
ond projection having a wire shape and extending
across an entirety of an inner periphery of the fold-
back portion in the folding-back direction.

6. A heater comprising:

a ceramic body having a rod shape; and
a heating resistor provided in an interior of the
ceramic body,
wherein
the heating resistor comprises a fold-back por-
tion and a stepped portion having a wire shape
and extending across an entirety of an outer pe-
riphery of the fold-back portion in a folding-back
direction.

7. The heater according to claim 6, wherein the stepped
portion is positioned on an outermost periphery of
the fold-back portion.

8. The heater according to claim 6 or 7, wherein the
heating resistor further comprises a second stepped
portion having a wire shape and extending across
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an entirety of an inner periphery of the fold-back por-
tion in the folding-back direction.

9. The heater according to any one of claims 1 to 8,
wherein the heating resistor further comprises a third
projection having a wire shape and extending across
an inner periphery and an outer periphery.

10. A glow plug comprising:

the heater according to any one of claims 1 to 9
including the heating resistor positioned on a
first end side of the ceramic body; and
a metal tube attached covering a second end
side of the ceramic body.
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