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METHOD

(67)  Toimprove accuracy of detecting the state of a
heater, such as abnormality of a heating unit, wear of a
base, and the like.

Aheating device includes: a heaterincluding an elec-
tric conductor, a heating unit that generates heat by en-
ergization, and a ceramic base that holds the electric
conductor and the heating unit so that the electric con-
ductor and the heating unit are buried in the ceramic base
so as to be isolated from each other; and an energization
unitthat causes the heater to generate heat by energizing
the heating unit. The heating device includes: a detection
unit that detects an electric resistance of the base be-
tween the electric conductor and the heating unit; and an
estimation unit that estimates a state of the heater on the
basis of the electric resistance detected by the detection
unit when the heating unit is energized under a prede-
termined condition.
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Description
[Technical Field]

[0001] The present invention relates to estimation of
the state of a heater.

[Background Art]

[0002] A glow plug includes a heater that includes a
heating unit and a base in which the heating unit is held.
The glow plug is used as an auxiliary heat source for a
compression ignition type internal combustion engine
(e.g., a diesel engine or the like). When the glow plug is
used at a high temperature, abnormality such as a crack
may occur in the heating unit. This abnormality causes
an increase in the resistance of the heating unit, and the
temperature of the heater becomes less likely to in-
crease. As a result, startability of the engine may be de-
graded, or a soot component in exhaust gas may in-
crease. Patent Document 1 discloses a technique of de-
tecting abnormality of a heating unit on the basis of an
increase in the resistance of the heating unit.

[Prior Art Document]
[Patent Document]

[0003]
4780056

[Patent Document 1] Japanese Patent No.

[Summary of the Invention]
[Problems to be Solved by the Invention]

[0004] The resistance of the heating unit in the case
where abnormality occurs in the heating unit increases
only slightly as compared to that in the normal state.
Therefore, in the technique of Patent Document 1, ab-
normality of the heating unit should be detected on the
basis of the very small change in the resistance of the
heating unit. Accordingly, the detection accuracy is poor,
and slight abnormality of the heating unit cannot be de-
tected. Thus, a technique for improving the accuracy of
detecting abnormality of the heating unit has been de-
manded. Meanwhile, since the base is exposed to the
atmosphere in a combustion chamber or the like, the
base may be worn due to corrosion caused by chemical
reaction with components contained in fuel and oil, or
erosion caused by high-pressure fuel injection and swirl
in the engine. If the wear of the base progresses, the
strength of the base is reduced due to reduction in the
diameter thereof, which may cause the heater to break.
Therefore, detection of wear of the base has been de-
manded. As described above, a technique for improving
the accuracy of estimating the state of the heater, such
as abnormality of the heating unit and wear of the base,
has been demanded. The above problems are not limited
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to glow plugs but are common to all heaters having heat-
ing units and bases.

[Means for Solving the Problems]

[0005] The present invention has been made to solve
the above-described problem, and can be embodied in
the following modes.

(1) According to one mode of the present invention,
a heating device is provided, which includes: a heat-
erincluding an electric conductor, a heating unit that
generates heat by energization, and a ceramic base
that holds the electric conductor and the heating unit
so that the electric conductor and the heating unit
are buried in the ceramic base so as to be isolated
from each other; and an energization unitthat causes
the heater to generate heat by energizing the heating
unit. The heating device includes: a detection unit
that detects an electric resistance of the base be-
tween the electric conductor and the heating unit;
and an estimation unit that estimates a state of the
heater on the basis of the electric resistance detect-
ed by the detection unit when the heating unit is en-
ergized under a predetermined condition. According
to the heating device of this mode, since the state of
the heater is estimated on the basis of the electric
resistance of the base which greatly changes with
respect to change in the temperature of the heater,
the accuracy of estimating the state of the heater
can be improved.

(2) In the heating device, the estimation unit may
estimate that the heater has abnormality when the
electric resistance is outside a predetermined range.
According to the heating device of this mode, since
the criterion is definite, degradation of the determi-
nation accuracy is suppressed, whereby the accu-
racy of estimating the state of the heater can be im-
proved.

(3) In the heating device, the estimation unit may
estimate that the heating unit has abnormality, as
abnormality of the heater, when the electric resist-
ance exceeds the predetermined range. According
to the heating device of this mode, abnormality of
the heating unit can be accurately estimated.

(4) In the heating device, the estimation unit may
estimate that the base is worn, as abnormality of the
heater, when the electric resistance goes below the
predetermined range. According to the heating de-
vice of this mode, wear of the base can be accurately
estimated.

(5) In the heating device, the energization unit may
energize the heating unit at a predetermined voltage
as the predetermined condition. According to the
heating device of this mode, the circuit for detecting
the electric resistance of the base is prevented from
being complicated, and the electric resistance of the
base can be easily detected.
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[0006] The presentinvention canbe realized in various
modes. For example, the present invention can be real-
ized as a heater state estimating device, a heater state
estimating method, a glow plug abnormality detecting de-
vice, and the like.

[Brief Description of the Drawings]
[0007]

[FIG. 1] Explanatory view showing the schematic
configuration of a heating device which is one em-
bodiment of the present invention.

[FIG. 2] Partial cross-sectional view showing the spe-
cific configuration of a glow plug 1.

[FIG. 3] Enlarged cross-sectional view showing the
structure of a front end portion of the glow plug 1.
[FIG. 4] Graph showing the relationship between
base resistance R4, and the temperature of a heater
10.

[FIG. 5] Explanatory view showing examples of the
base resistance R4 depending on different states
of the heater 10.

[FIG. 6] Flowchart showing the procedure of a heater
state estimating process.

[FIG. 7] Graph showing the relationship between the
electric resistance of an energization heating unit 2
and the temperature of the heater 10, as a compar-
ative example.

[FIG. 8] Flowchart showing the procedure of a heater
state estimating process according to Modification 2.

[Modes for Carrying Out the Invention]
A. Embodiment:
A-1. Device configuration:

[0008] FIG. 1is anexplanatory view showing the sche-
matic configuration of a heating device which is one em-
bodiment of the present invention. The heating device
100 according to the present embodiment is mounted on
adiesel engine vehicle, and heats a combustion chamber
610 of the diesel engine 600 to assist ignition of fuel in-
jected from an injector 459 of the diesel engine 600.
[0009] The heating device 100 includes a glow plug 1
and a controller 50. The glow plug 1 is a ceramic glow
plug. The glow plug 1 is mounted to a cylinder head 620
of the diesel engine 600 with a front end portion thereof
being exposed in the combustion chamber 610. The con-
figuration of the glow plug 1 will be described later in
detail.

[0010] The controller 50 includes an electronic control
unit (ECU) 52, afirst glow relay 53, a battery 54, a second
glow relay 531, a relay 55, a DC power supply 51, a re-
sistor 521, and a potentiometer 522. The ECU 52 is con-
figured as a microcomputerincluding a CPU, a RAM, and
a ROM, and controls heat generation of the glow plug 1.
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The ECU 52 includes a resistance detecting unit 60 and
a state estimating unit 70. The resistance detecting unit
60 detects an electric resistance of a base described lat-
er. The state estimating unit 70 estimates the state of a
heater on the basis of the electric resistance of the base
in a heater state estimating process described later.
[0011] The first glow relay 53 is disposed between a
positive electrode of the battery 54 and an external lead
wire 233 of the glow plug 1. A negative electrode of the
battery 54 is connected to the cylinder head 620 via the
second glow relay 531, and is electrically connected to
the cylinder head 620 when the second glow relay 531
is in its on state. Since the potential of the cylinder head
620 is the ground potential, the negative electrode of the
battery 54 is grounded when the second glow relay 531
is in the on state. The ECU 52 turns on the first glow relay
53 and the second glow relay 531 to supply power from
the battery 54 to the glow plug 1 via the external lead
wire 233, and thereby causes the glow plug 1 to generate
heat. The ECU 52 controls the ratio between the on time
and the off time of the first glow relay 53 to control the
heat generation of the glow plug 1. The second glow relay
531 is constantly in the on state while heating is executed,
and is turned off when heating is stopped.

[0012] The relay 55 is disposed between the resistor
521 and an external lead wire 333 of the glow plug 1.
The relay 55 turns on and off power supply from the DC
power supply 51 to the glow plug 1. A negative electrode
of the DC power supply 51 is grounded by being con-
nected to the cylinder head 620. The resistor 521 is con-
nected to a positive electrode of the DC power supply
51. The potentiometer 522 measures a voltage value that
drops (voltage drop) in the resistor 521.

[0013] The ECU 52 is electrically connected to an ex-
ternal water temperature sensor 525 and an external ro-
tation speed sensor 526. The water temperature sensor
525 measures the temperature of engine cooling water.
The rotation speed sensor 526 measures the rotation
speed of the engine. The ECU 52 obtains these values
and uses them for control of heat generation of the glow
plug 1.

[0014] FIG. 2is a partial cross-sectional view showing
the configuration of the glow plug 1 in detail. FIG. 3is an
enlarged cross-sectional view showing the structure of a
front end portion of the glow plug 1. FIG. 3 shows the
state where the glow plug 1 is mounted to the cylinder
head 620. In FIGS. 2 and 3, an axis OL of the glow plug
1 is shown by an alternate long and short dash line. In
the following description, in the glow plug 1, a side where
a later-described heater 10 is disposed is referred to as
a "front side", and a side where the external lead wires
233 and 333 are disposed is referred to as a "rear side".
[0015] As shown in FIG. 2, the glow plug 1 includes a
housing 4, a rubber bush 421, a heater 10, two terminal
portions 23 and 31, two external lead wires 233 and 333,
and two internal lead wires 33 and 231.

[0016] The housing 4 forms an outline of the glow plug
1, and includes a metallic shell 47, a protection tube 42,
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and a sheath 41. The metallic shell 47 has a substantially
tubular appearance extending along the axis OL, and is
located on the front side in the housing 4. On an outer
peripheral surface of the metallic shell 47 on the front
side, an external thread portion 43 is formed. The external
thread portion 43 is screwed into an internal thread por-
tion (not shown) formed on the cylinder head 620 of the
diesel engine 600. The protection tube 42 has a substan-
tially tubular appearance extending along the axis OL,
and is located on the rear side in the housing 4. The
protection tube 42 has opening portions on the front side
and the rear side. The front-side opening portion of the
protection tube 42 is attached to a rear end portion of the
metallic shell 47. The rearside opening portion of the pro-
tection tube 42 is closed by the rubber bush 421. The
rubber bush 421 has a substantially cylindrical appear-
ance, and is made of a rubber. The rubber bush 421
inserted in the protection tube 42 seals a space on the
front side relative to the rubber bush 421. The sheath 41
has a ring-shaped appearance, is made of a metal, and
is disposed on the front end portion of the metallic shell
47.

[0017] The heater 10 has a hemispheric front end por-
tion, and has a substantially rod-like appearance extend-
ing along the axis OL. The heater 10 is fixed by the sheath
41 so that a rear end portion thereof is housed in the
housing 4 and a front end portion thereof is exposed from
the housing 4. As shown in FIG. 3, the heater 10 includes
a base 11, an energization heating unit 2, an electrode
3, and two lead wires 21 and 22.

[0018] Thebase 11 holds the energization heating unit
2 and the electrode 3 so that the energization heating
unit 2 and the electrode 3 are buried in the base 11 so
as to be isolated from each other. In the present embod-
iment, the base 11 is made of a ceramic containing silicon
nitride (Si3N,4) as a principal component, and has high
insulating property.

[0019] The energization heating unit 2 has a U-shaped
appearance, and is buried in the front end portion of the
heater 10. The energization heating unit 2 is made of a
silicon nitride-based ceramic to which electrical conduc-
tivity is given, and generates heat by energization. The
electric resistance of the energization heating unit 2 is
smaller than the electric resistance of the base 11. On
both end portions of the U-shaped energization heating
unit 2, the lead wires 21 and 22 are connected, respec-
tively. The lead wires 21 and 22 buried in the base 11.
One end of the energization heating unit 2 is connected
to the terminal portion 23 via the lead wire 21. The other
end of the energization heating unit 2 is connected to the
sheath 41 via the lead wire 22.

[0020] The electrode 3 has a rod-shaped appearance
extending in the direction along the axis OL. One end of
the electrode 3 is connected to the terminal portion 31,
and the other end thereof is disposed near the front end
of the energization heating unit 2. The electrode 3 is used
to detect the electric resistance of the base 11, and is
made of an electrically conductive ceramic.
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[0021] The terminal portion 23 is disposed on an outer
peripheral surface of the base 11 with a gap between the
terminal portion 23 and an inner peripheral surface of the
housing 4. The terminal portion 23 electrically communi-
cates with the housing 4 via the heater 10 and the sheath
41. The terminal portion 31 is disposed in contact with
the rear end portion of the heater 10.

[0022] Asshownin FIG. 2, the external lead wires 233
and 333 penetrate the rubber bush 421, and communi-
cate with the inside of the glow plug 1. The external lead
wire 233 is connected to the terminal portion 23 via a
connection terminal 232 and the internal lead wire 231.
The external lead wire 333 is connected to the terminal
portion 31 via a connection terminal 332 and the internal
lead wire 33.

[0023] In the present embodiment, the energization
heating unit 2 corresponds to a subordinate concept of
a heating unit in claims, the electrode 3 corresponds to
a subordinate concept of an electric conductor in claims,
the controller 50 corresponds to a subordinate concept
of an energization unit in claims, the resistance detecting
unit 60 corresponds to a subordinate concept of a detec-
tion unit in claims, and the state estimating unit 70 cor-
responds to a subordinate concept of an estimation unit
in claims.

A-2. Detection of electric resistance of base:

[0024] The housing 4 is mounted on the cylinder head
620 as shown in FIG. 1, and therefore electrically com-
municates with the cylinder head 620 at the ground po-
tential. Therefore, when the glow relays 53 and 531 are
turned on, a closed circuit is formed, and a voltage from
the battery 54 is applied to the energization heating unit
2. Then, a current flows in the energization heating unit
2, and the heater 10 is heated. When the relay 55 is
turned on and the DC power supply 51 and the electrode
3 electrically communicate with each other, a potential
difference occurs between the electrode 3 and the ener-
gization heating unit 2. The electric resistance of the base
11 (hereinafter also referred to as "base resistance R44")
is detected on the basis of the potential difference. In the
present embodiment, the base resistance R{4 means the
electric resistance of the base 11 between the energiza-
tion heating unit 2 and the electrode 3.

[0025] The base 11 is made of a ceramic having high
insulating property, and therefore has high electric resist-
ance. However, since the electric resistance of the base
11 is finite, when a high voltage is applied to the electrode
3, a small amount of current flows in the base 11. This
current flows through the electric conductors embedded
in the base 11 and the electric conductors in contact with
the base 11, and finally flows to the cylinder head 620.
The electric conductors embedded in the base 11 corre-
spond to the energization heating unit 2 and the lead
wires 21 and 22. The electric conductors in contact with
the base 11 correspond to the terminal portions 23 and
31, and the sheath 41.
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[0026] By the way, the energization heating unit 2 gen-
erates heat in the state where it is embedded in the front
end portion of the heater 10. Therefore, the temperature
of the base 11 on the front side, adjacent to the energiza-
tion heating unit 2, is more likely to increase as compared
to the temperature of the base 11 on the rear side. Gen-
erally, insulating ceramics have the following properties.
That is, the higher the temperature of an insulating ce-
ramicis, the more the electricresistance thereof decreas-
es, and more current flows therethrough. The lower the
temperature of the insulating ceramic is, the more the
electric resistance thereof increases, and less current
flows therethrough. Therefore, a greater part of the cur-
rent flowing in the base 11 flows from near the front end
of the electrode 3 to near the front end of the energization
heating unit 2.

[0027] Therefore, in detecting the base resistance Ry,
the current that flows in the portion other than the elec-
trode 3 is ignored. Further, the electric resistance of the
energization heating unit 2 is ignored because it is very
small as compared to the base resistance Ry4. That is,
the energization heating unit 2 is treated as an electric
conductor in the present embodiment.

[0028] Based on the above assumption, the base re-
sistance R4 is calculated by the following formula (5). In
the following formulae (1) to (5), V44 represents a poten-
tial difference between the energization heating unit 2
and the electrode 3, | represents a current that flows in
the resistor 521, Vy represents a voltage of the DC power
supply 51, Vg, represents voltage drop in the resistor
521, and Rj,4 represents an electric resistance of the
resistor 521.

Ru=Vu/l - (1)

Vi1 = Vo-Vs1 - (2)

| = V521/R521 -+ (3)

Formulae (2) and (3) are substituted into formula (1) to
obtain formula (4).

R11 = (Vo-Vs21)/(Vs521/Rs21) -+ (4)

Since V5,4 «V in the present embodiment, formula (4) is
transformed to obtain formula (5).

R11 = VoxRs21/Vs21 -+ (5)

[0029] FIG. 4 is a graph showing the relationship be-
tween the base resistance R4 and the temperature of
the heater 10. The vertical axis indicates the base resist-
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ance R (Q) represented as alogarithmto a certain value
A, and the horizontal axis indicates the temperature (°C)
of the heater 10. As the certain value A, 10 kQ or the like
may be adopted. In the present embodiment, the tem-
perature of the heater 10 means the maximum value of
the surface temperature of the base 11. The surface tem-
perature of the base 11 varies depending on positions in
the base 11. Usually, a portion near the front end of the
energization heating unit 2 has the maximum tempera-
ture value. As shown in FIG. 4, the base resistance Ry,
decreases with increase in the temperature of the heater
10, and increases with decrease in the temperature of
the heater 10.

[0030] When abnormality such as a crack occursin the
energization heating unit 2, the electric resistance of the
energization heating unit 2 increases, and the energiza-
tion heating unit 2 may be broken in some cases. If the
energization heating unit 2 is energized so as to signifi-
cantly exceed the heat-resistant temperature thereof, at-
oms of the energization heating unit 2 are diffused due
to migration effect, and the energization heating unit 2 is
made porous, resulting in increase in the electric resist-
ance of the energization heating unit 2. If a voltage is
applied to the energization heating unit 2 under the situ-
ation that such abnormality occurs, since the temperature
of the energization heating unit 2 is less likely to increase,
the temperature of the heater 10 is lower than that in the
normal state. Therefore, based on the relationship shown
in FIG. 4, the base resistance R;, increases more than
that in the normal state.

[0031] On the other hand, when a voltage is applied to
the energization heating unit 2 in the state where the
energization heating unit 2 is in the normal state and the
base 11 is worn, the temperature of the heater 10 is likely
to increase due to reduction in the diameter of the base
11, and becomes higher than that in the normal state.
Therefore, based on the relationship shown in FIG. 4,
the base resistance R4 decreases more than that in the
normal state.

[0032] FIG.5isanexplanatory view showing examples
of the base resistance R4 depending on different states
of the heater 10. In FIG. 5, assuming that a reference
resistance value of the base resistance R4 of the heater
10 in the normal state is B(Q2), the base resistance Ry,
of the heater 10 having abnormality of the energization
heating unit 2 and the base resistance R4, of the heater
10 having the worn base 11 are represented as ratios to
B. In FIG. 5, the base resistances Ry, detected when a
constant voltage (7 V) is applied to the energization heat-
ing unit 2 are shown together with the respective tem-
peratures of the heater 10.

[0033] AsshowninFIG.5, the temperature of the heat-
er 10 in the case where the energization heating unit 2
has abnormality is lower than that in the normal state.
Therefore, the base resistance R, increases more than
that in the normal state. The temperature of the heater
10 in the case where the base 11 is worn is higher than
that in the normal state. Therefore, the base resistance
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R, decreases more than that in the normal case. In the
heating device 100 according to present embodiment,
the heater state estimating process described later is ex-
ecuted, whereby the state of the heater 10 such as ab-
normality of the energization heating unit 2 and wear of
the base 11 can be estimated based on the base resist-
ance Ry;.

A-3. Heater state estimating process:

[0034] FIG. 6 is a flowchart showing the procedure of
the heater state estimating process. The heater state es-
timating process is executed when, at start-up of the die-
sel engine 600, a predetermined voltage is applied to the
energization heating unit 2 to energize the glow plug 1,
and thereby the diesel engine 600 enters its idle state.
[0035] The ECU 52 obtains the voltage drop Vg, in
the resistor 521 by using the potentiometer 522 (step
S105). The resistance detecting unit 60 detects the base
resistance R4 on the basis of the above formula (5) (step
S110). The state estimating unit 70 determines whether
ornotthe base resistance R, exceeds areference range
(exceeds an upper limit value) (step S115).

[0036] The reference range of the base resistance Ry,
is seton the basis of data obtained through an experiment
in advance. For example, assuming that the reference
resistance value of the base resistance R44 in the heater
10 in the normal state is B (Q2), the reference range of
the base resistance Ry, in the heater 10 in the normal
state can be set to Bx0.5 (Q) to BX2.5 (Q), for example.
In the present embodiment, the "heater 10 in the normal
state" means the heater 10 in the state where heat gen-
eration is not hindered. The "abnormality of the energiza-
tion heating unit 2" means the state where a crack or the
like, exceeding a predetermined degree, occurs in the
energization heating unit 2 (e.g., the state where a pre-
determined number or more of cracks having a prede-
termined size occur). This state can be paraphrased as
"the state where heat generation of the heater 10 is hin-
dered", for example. The "wear of the base 11" means
the state where the base 11 is worn by a predetermined
degree or more (e.g., by a predetermined percentage or
more of the entire volume of the base 11). This state also
can be paraphrased as "the state where heat generation
of the heater 10 is hindered", for example.

[0037] When itis determined that the base resistance
R, exceeds the reference range (step S115: YES), the
state estimating unit 70 estimates that the energization
heating unit 2 has abnormality (step S120), and proceeds
to step S135 described later. On the other hand, when it
is determined that the base resistance R4 does not ex-
ceed the reference range (step S115: NO), the state es-
timating unit 70 determines whether or not the base re-
sistance Ry goes below the reference range (is less than
a lower limit value) (step S125).

[0038] When itis determined that the base resistance
R11 goes below the reference range (step S125: YES),
the state estimating unit 70 estimates that the base 11
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is worn (step S130). After step S120 and step S130, the
state estimating unit 70 estimates that the heater 10 has
abnormality (step S135), and the heater state estimating
process is ended.

[0039] On the other hand, when it is determined that
the base resistance R, does not go below the reference
range (step S125: NO), since the base resistance R, is
within the reference range, the state estimating unit 70
estimates that the heater 10 does not have abnormality
(step S140), and the heater state estimating process is
ended.

[0040] In the present embodiment, when the result of
the heater state estimating process is that the heater 10
has abnormality, the user is notified of the abnormality
of the heater 10 by ECU 52.

[0041] In the heating device 100 according to the
present embodiment, when the base resistance Ry, is
outside the predetermined range, it is estimated that the
heater 10 has abnormality such as abnormality of the
energization heating unit 2 and wear of the base 11. As
shown in FIG. 4, the base resistance R4 exponentially
changes with respect to change in the temperature of the
heater 10. Therefore, by executing the heater state esti-
mating process based on the base resistance Ry4, the
accuracy of estimating the state of the heater 10 can be
improved. In addition, since the user is notified of the
detected abnormality of the heater 10, the user can take
an appropriate countermeasure (e.g., replacement of the
glow plug 1). Accordingly, it is possible to suppress deg-
radation of startability of the engine and increase in the
soot component in the exhaust gas, which are caused
by the abnormality of the energization heating unit 2. In
addition, it is possible to suppress breakage of the heater
10 due to reduction in the strength of the heater 10, which
is caused by wear of the base 11. Further, since the cri-
terion as to whether the base resistance Ry, is outside
the predetermined range is definite, reduction in the de-
termination accuracy is suppressed, resulting in im-
proved accuracy of estimating the state of the heater 10.
[0042] Preferably, detection of the base resistance R44
is performed under substantially fixed conditions. In the
heating device 100 according to the present embodi-
ment, the heater state estimating process is executed
when the diesel engine 600 enters the idle state. There-
fore, parameters having influences on the temperature
of the heater 10, such as the temperature of the engine
cooling water, the rotation speed of the engine, and the
like, are relatively stable, whereby detection errors of the
base resistance R4 can be reduced, resulting in im-
proved accuracy of estimating the state of the heater 10.
Further, since the heater state estimating process can
be executed somewhat periodically, abnormality of the
energization heating unit 2 and wear of the base 11,
which gradually progress, can be estimated, whereby
convenience for the user can be improved.

[0043] Since the resistance detecting unit 60 detects
the base resistance R4 when the predetermined voltage
is applied to the energization heating unit 2, the circuit
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for the detection is prevented from being complicated,
and the base resistance R4 can be easily detected. In
addition, when the conditions such as the temperature
of the engine cooling water, the rotation speed of the
engine, and the like are fixed, errors in the temperature
of the heater 10 when the predetermined voltage is ap-
plied to the energization heating unit 2 are small. There-
fore, by detecting the base resistance R11 when the pre-
determined voltage is applied, detection errors in the
base resistance R11 can be reduced, whereby the ac-
curacy of estimating the state of the heater 10 can be
improved.

[0044] The state estimating unit 70 estimates the state
of the heater 10 by performing the determination on the
basis of the result of the comparison between the preset
reference range of the base resistance R4 and the base
resistance R4 detected by the resistance detecting unit
60. Since the determination is performed on the basis of
the absolute value, load on the ECU 52 can be reduced.
[0045] In the heating device 100 according to the
present embodiment, as abnormality of the heater 10,
abnormality of the energization heating unit 2 and wear
of the base 11 can be separately estimated. Therefore,
it is easy to specify the cause of the abnormality of the
heater 10, whereby convenience for the user can be im-
proved.

B. Comparative example:

[0046] FIG. 7 is a graph showing, as a comparative
example, the relationship between the electric resistance
of the energization heating unit 2 and the temperature of
the heater 10. The vertical axis indicates the electric re-
sistance (Q2) (hereinafter also referred to as "heating unit
resistance R,") of the energization heating unit 2, and
the horizontal axis indicates the temperature (°C) of the
heater 10. For example, as a certain value C on the ver-
tical axis, 3Q or the like may be adopted.

[0047] Theheatingunitresistance R, inthe case where
abnormality occurs in the energization heating unit 2 in-
creases only slightly as compared to the heating unit re-
sistance R, in the normal state. Therefore, as shown in
FIG. 7, the rate of change in the heating unit resistance
R, withrespect to change in the temperature of the heater
10 is very small. Accordingly, the configuration of detect-
ing abnormality of the energization heating unit 2 on the
basis of the heating unit resistance R, has poor detection
accuracy, and cannot detect slight abnormality such as
a minute crack or the like generated in the energization
heating unit 2. In contrast, since the heating device 100
according to the presentembodiment estimates the state
of the heater 10 on the basis of the base resistance Ry,
that exponentially and greatly changes with respect to
change in the temperature of the heater 10, the accuracy
of estimating the state of the heater 10 can be improved.
Further, in addition to abnormality of the energization
heating unit 2, wear of the base 11 can also be estimated.
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C. Modifications:

[0048] The presentinvention is not limited to the above
embodiment and modes and may be embodied in various
other forms without departing from the scope of the in-
vention. For example, the following modifications are
possible.

C-1. Modification 1:

[0049] While in the above embodiment, the state of the
heater 10 is estimated on the basis of the base resistance
R, detected when the predetermined voltage is applied
to the energization heating unit 2, the present invention
is not limited thereto. The base resistance R,y may be
detected under any other energization condition as long
as the energization condition is the same as that for de-
tection of the base resistance Ry, previously set as a
reference range. For example, as an energization con-
dition for detection of the base resistance R, the ener-
gization heating unit 2 may be caused to generate heat
at predetermined power, or may be caused to generate
heat to provide a predetermined current, or may be
caused to generated heat so that the electric resistance
of the energization heating unit 2 has a predetermined
value. Also this configuration achieves the same effect
as the heating device 100 according to the embodiment.

C-2. Modification 2:

[0050] While in the above embodiment, the state esti-
mating unit 70 estimates abnormality of the energization
heating unit 2 and wear of the base 11 to be distinguished
from each other, the state estimating unit 70 may esti-
mate the state of the heater 10 without distinguishing
abnormality of the energization heating unit 2 and wear
of the base 11 from each other.

[0051] FIG. 8 is a flowchart showing the procedure of
a heater state estimating process according to Modifica-
tion 2. The heater state estimating process according to
Modification 2 is different from the heater state estimating
process according to the embodiment shown in FIG. 6
in that step S115a is executed instead of step S115 and
steps S120 to S130 are omitted. Since other steps and
the configuration of the heating device 100 in the heater
state estimating process according to Modification 2 are
identical to those of the above embodiment, the same
components are designated by the same reference nu-
merals, and detailed description thereof is omitted.
[0052] The state estimating unit 70 determines wheth-
er or not the base resistance Ry, is within a predeter-
mined range (step S115a). When it is determined that
the base resistance Ry, is not within the predetermined
range (step S115a: NO), the state estimating unit 70 may
estimate that the heater 10 has abnormality (step S135).
When it is determined that the base resistance Ry is
within the predetermined range (step S115a: YES), the
state estimating unit 70 may estimate that the heater 10
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has no abnormality (step S140). This configuration also
achieves the same effect as the heating device 100 ac-
cording to the embodiment.

C-3. Modification 3:

[0053] While in the heating device 100 according to
the above embodiment, the heater state estimating proc-
ess is executed when the diesel engine 600 enters the
idle state, the presentinvention is not limited thereto. The
heater state estimating process may be executed at any
other timing as long as the base resistance R, is detect-
ed under the same detection condition as that for the
base resistance Ry, previously set as the reference
range. For example, the heater state estimating process
may be executed at the time of idle stop, or fuel cut, or
engine stop. Alternatively, the heater state estimating
process may be executed after a predetermined period
has passed from a certain time. For example, the heater
state estimating process may be executed after a prede-
termined period has passed from start of energization of
the glow plug 1. Alternatively, the heater state estimating
process may be executed after determination as to
whether or not the parameters such as the temperature
of the engine cooling water and the rotation speed of the
engine are within a predetermined range. Also this con-
figuration achieves the same effect as the heating device
100 according to the above embodiment.

C-4. Modification 4:

[0054] While in the above embodiment, the state esti-
mating unit 70 estimates the state of the heater 10 by
using the preset reference range of the base resistance
R4, the presentinvention is not limited thereto. The ECU
52 may store an initial value of the base resistance Ry,
and a difference between the initial value of the base
resistance R4, and the detected base resistance R4 may
be calculated to perform estimation based on the differ-
ence. For example, assuming that the initial value of the
base resistance R4 in the heater 10 in the normal state
is D (Q2), when the absolute value of a difference between
the initial value of the base resistance R4 and the de-
tected base resistance Rq4 is outside the range from
Dx0.5 (Q) to DX2.5 (QQ), it may be estimated that the
heater 10 has abnormality. In this configuration, since
the estimation is performed on the basis of the relative
value, influence of variation in the base resistance Ry,
due to individual differences of the glow plug 1 can be
reduced, whereby the accuracy of estimating the state
of the heater 10 can be improved.

C-5. Modification 5:

[0055] While in the above embodiment, the state esti-
mating unit 70 estimates the state of the heater 10 by
using one preset reference range of the base resistance
R4, the state estimating unit 70 may estimate the state
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of the heater 10 by using two or more reference ranges.
For example, assuming that the reference resistance val-
ue of the base resistance R¢4 in the heater 10 in the
normal state is B (Q), a first reference range may be set
to Bx0.5 (QQ) to Bx 2.5 (Q2) and a second reference range
may be set to Bx0.75 (Q) to BX2 (Q) or the like, whereby
the state of the heater 10 may be estimated in two stages.
In this configuration, when the detected base resistance
R4 is within the first reference range but is outside the
second reference range, the heater 10 can be set to a
desired temperature by changing the applied voltage.

C-6. Modification 6:

[0056] The configuration of the heating device 100 ac-
cording to the above embodiment is merely an example,
and can be modified in various ways. For example, the
base 11 may be made of, instead of the silicon nitride-
based ceramic, any other insulating ceramics such as
titanium diboride, alumina, or sialon. The electrode 3 may
be made of a metal material instead of the electrically
conductive ceramic. Also this configuration achieves the
same effect as the heating device 100 according to the
above embodiment.

[0057] While in the above embodiment, the ECU 52
executes the heater state estimating process, the present
invention is not limited thereto. A glow control unit that
exclusively control the glow plug 1 may be arranged sep-
arately from the ECU 52, and the glow control unit may
execute the heater state estimating process. In this con-
figuration, the glow control unit may receive the temper-
ature of the engine cooling water, the rotation speed of
the engine, and the like from the ECU 52. This configu-
ration also achieves the same effectas the heating device
100 according to the above embodiment.

[0058] Further, the circuit configuration for detecting
the base resistance R4 may be modified. For example,
a voltage may be applied between the pair of external
lead wires 233 and 333 to measure a current value. In
this configuration, it is easy to grasp the voltage applied
between the energization heating unit2 and the electrode
3, whereby the accuracy of detecting the base resistance
R4 can be improved.

C-7. Modjification 7:

[0059] While in the above embodiment, the presentin-
vention is applied to the heating device 100 including the
glow plug 1, the present invention may be applied to any
other ceramic heater instead of the glow plug 1. For ex-
ample, the present invention may be applied to heaters,
heat sources for soldering iron, warm-water toilet seats,
heat sources for semiconductor manufacturing devices,
heat sources for measurement equipment, parts of
chemical equipment, and the like.

[0060] The presentinvention is not limited to the above
embodiments and modifications/variations and can be
embodied in various forms without departing from the



scope of the present invention. For example, itis feasible
to appropriately replace or combine any of the technical
features of the aspects of the presentinvention described
in "Summary of the Invention" and the technical features
of the embodiments and modifications/variations of the
presentinventionin order to solve part or all of the above-
mentioned problems or achieve part or all of the above-
mentioned effects. Any of these technical features, if not
explained as essential in the present specification, may
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be deleted as appropriate.

[Description of Reference Numerals]

[0061]

A
B-
C-
D

- glow plug

- energization heating unit
- electrode

- housing

- heater

-- base

-+ lead wire

-+ lead wire

-+ terminal portion

-+ terminal portion

-+ internal lead wire

- sheath

-- protection tube

-- external thread portion
-- metallic shell

-- controller

-- DC power supply

- first glow relay

-+ battery

- relay

-- resistance detecting unit
-- state estimating unit

heating device
internal lead wire
connection terminal
external lead wire
connection terminal
external lead wire
rubber bush

injector

resistor
potentiometer

water temperature sensor
rotation speed sensor
second glow relay
diesel engine
combustion chamber
cylinder head

-- certain value of base resistance
-- reference resistance value of base resistance
- certain value of heating unit resistance

-+ initial value of base resistance
oL -

- axis

10

15

20

25

30

35

40

45

50

55

Claims

1.

A heating device (100) comprising:

a heater (10) including an electric conductor (3),
a heating unit (2) that generates heat by ener-
gization, and a ceramic base (11) that holds the
electric conductor (3) and the heating unit (2) so
that the electric conductor (3) and the heating
unit (2) are buried in the ceramic base (11) so
as to be isolated from each other; and

an energization unit (50) that causes the heater
(10) to generate heat by energizing the heating
unit (2);

the heating device (100) comprising:

a detection unit (60) that detects an electric re-
sistance of the base (11) between the electric
conductor (3) and the heating unit (2); and

an estimation unit (70) that estimates a state of
the heater (10) on the basis of the electric re-
sistance detected by the detection unit (60)
when the heating unit (2) is energized under a
predetermined condition.

The heating device (100) according to claim 1,
wherein

the estimation unit (70) estimates that the heater (10)
has abnormality when the electric resistance is out-
side a predetermined range.

The heating device (100) according to claim 2,
wherein

the estimation unit (70) estimates that the heating
unit (2) has abnormality, as abnormality of the heater
(10), when the electric resistance exceeds the pre-
determined range.

The heating device (100) according to claim 2 or 3,
wherein

the estimation unit (70) estimates that the base (11)
is worn, as abnormality of the heater (10), when the
electric resistance goes below the predetermined
range.

The heating device (100) according to any one of
claims 1 to 4, wherein

the energization unit (50) energizes the heating unit
(2) at a predetermined voltage as the predetermined
condition.

A heater state estimating device for estimating a
state of a heater (10), the heater (10) comprising: an
electric conductor (3); a heating unit (2) that gener-
ates heat by energization; and a ceramic base (11)
that holds the electric conductor (3) and the heating
unit (2) so that the electric conductor (3) and the heat-
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ing unit (2) are buried in the ceramic base (11) so as
to be isolated from each other,
the heater state estimating device comprising:

a detection unit (60) that detects an electricre- 5
sistance of the base (11) between the electric
conductor (3) and the heating unit (2); and

an estimation unit (70) that estimates a state of

the heater (10) on the basis of the electric re-
sistance detected by the detection unit (60) 70
when the heating unit (2) is energized under a
predetermined condition.

A method for estimating a state of a heater (10), the
heater (10) comprising: an electric conductor (3); a 75
heating unit (2) that generates heat by energization;

and a ceramic base (11) that holds the electric con-
ductor (3) and the heating unit (2) so that the electric
conductor (3) and the heating unit (2) are buried in

the ceramic base (11) so as to be isolated from each 20
other, and

the method comprising:

(a) a step of energizing the heating unit (2) under

a predetermined condition; 25
(b) a step of detecting an electric resistance of

the base (11) between the electric conductor (3)

and the heating unit (2) during execution of the
step (a); and

(c) a step of estimating a state of the heater (10) 30
on the basis of the electric resistance detected

in the step (b).
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