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(54) HEATING DEVICE

(57)  Anheating device (1) has a heating element (10)
capable of generating heat energy when receiving an
electric power, and a power supply control module (20)

for performing a power supply so that a plug resistance

value Rgp of the heating element becomes equal to a
target resistance value Rygg. The heating element and
the electric power supply control module are accommo-
dated together in a housing casing (30) of a cylinder-like
shape. The power supply control device (20) has a ref-
erence resistance value storage means (231) for storing
a resistance value of the heating device, as a reference
resistance value R, at a predetermined target temper-
ature Trg, a resistance value change reflecting means
(233) and a deterioration judgment means (234). The
resistance value change reflecting means (233) allows
the power supply to the heating element (10) when the
plug resistance value Rgp of the heating element (10) is
lower than the reference resistance value R during the
power supply to the heating element (10), and halts the
power supply to the heating element (10) when the plug
resistance value Rgp of the heating element (10) ex-
ceeds the reference resistance value R during the pow-
er supply to the heating element (10) in order to reflect,
to the power supply control, the resistance value change
due to the temperature change of the heating element
(10). The deterioration judgment means (234) judges

whether or not the heating element (10) is deteriorated
by using a deterioration power value Pyry in a deterio-
ration state, as a power threshold value Pggg, calculated
by multiplying an initial reference power value Pyt with
a predetermined rate.
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Description
Technical Field

[0001] The present invention relates to heating ele-
ments and heating devices. A resistance value of the
heating element changes in a positive correlation accord-
ing to a change of a heating temperature thereof. The
heating device of a control section integrated-type is
equipped with the heating element and a power supply
control module. The power supply control module is ca-
pable of controlling a power supply from an electric power
source to the heating element. The heating device of a
control section integrated-type has a simple structure,
provides a stable power supply control and detects an
abnormality deterioration state of the heating element.
In particular, the present invention is preferably applied
to a glow plug of a control section integrated-type, which
is mounted to a respective cylinder of a diesel internal
combustion engine. The glow plug of a control section
integrated-type is comprised of the heating element and
the power supply control module assembled together in
a housing casing having a cylindrical shape.

Background art

[0002] Conventional abnormality detection devices
are known, which are capable of detecting abnormal wire
break and abnormal over currentin a glow plug. The glow
plug assists ignition of a diesel engine. The conventional
abnormality detection device has a current detection
means such as a current sensor, a shunt resistance ar-
ranged between a glow plug and a switching means. The
switching means adjusts a power supply to the glow plug.
The current detection means calculates a resistance val-
ue of the glow plug on the basis of a current which flows
in the glow plug and a voltage applied to the glow plug.
A known conventional abnormality detection device de-
tects deterioration of the glow plug and abnormal wire
break on the basis of the calculated resistance value of
the glow plug.

[0003] A patent document 1 discloses a deterioration
detection device for a glow plug comprised of a detection
means and a judgment means. The detection means de-
tects a detection value corresponding to a resistance of
a glow plug when a power supply device supplies an
electric power to the glow plug. The glow plug assists
ignition of an internal combustion engine. The judgment
means instructs the power supply device to supply an
electric power to the glow plug immediately after the in-
ternal combustion engine has stopped, and judges de-
terioration of the glow plug on the basis of a resistance
value detected by the detection means.

[0004] A patentdocument 2 discloses a heater deteri-
oration detection device comprised of a first voltage out-
put means, a second voltage output means and a com-
parison judgment means. The first voltage output means
converts acurrentwhich flows in a heater to afirst voltage
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and outputs the converted first voltage. The second volt-
age output means is electrically connected to a power
source, and outputs a second voltage which corresponds
to a voltage of the power source. The comparison judg-
ment means receives the first voltage supplied from the
first voltage output means and the second voltage sup-
plied from the second voltage output means. The com-
parison judgment means compares the first voltage with
the second voltage. The comparison judgment means
judges whether or not deterioration of the heater occurs
on the basis of the comparison result.

[0005] A patentdocument 3 discloses a power supply
control device for a heating device. The heating device
has a heating resistance element. A resistance value of
the heating resistance element changes in a positive cor-
relation according to a change of a heating temperature
thereof. The heating device generates heat energy when
receiving an electric power. The power supply control
device controls the power supply on the basis of a resist-
ance value of the heating resistance element so that the
resistance value of the heating resistance element be-
comes equal to a targetresistance value. The power sup-
ply control device for a heating device disclosed in the
patent document 3 is comprised of a first obtaining
means, an environmental information obtaining means,
a calculation means and a power supply control means.
The first obtaining means supplies an electric power to
the heating resistance element while an internal combus-
tion engine is stopping, to which the heating device is
mounted. The environmental information obtaining
means obtains environmental information around the
heating device when the first obtaining means obtains
the first resistance value of the heating resistance ele-
ment. The calculation means calculates the target resist-
ance value on the basis of the first resistance value and
the environmental information. The power supply control
means controls the power supply to the heating resist-
ance element so that the resistance value of the heating
resistance element becomes equal to the target resist-
ance value when the internal combustion engine is driv-
en.

Prior Art technical document
Patent document
[0006]

Patent document 1: Japanese patent laid open pub-
lication No. JP 2009-36092;

Patent document 2: Japanese patent laid open pub-
lication No. JP 2009-191842; and

Patent document 3: Japanese patent laid open pub-
lication No. JP 2010-127487.
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Summary of the Invention
Problem to be solved by the Invention

[0007] The conventional deterioration judgment devic-
es disclosed in the patent documents 1 and 2 use the
current detection means and a shunt resistance, etc. The
current detection means detects a current flowing in the
glow plug. The shunt resistance is used as a threshold
value in order to judge deterioration of the glow plug.
[0008] Because the resistance of the glow plug gener-
ally contains an unavoidable individual resistance value,
a deterioration state of the glow plug neglects such un-
avoidable individual resistance value when the deterio-
ration state of the glow plug is detected on the basis of
a plug current, and a comparison result between a re-
sistance value calculated by using a voltage supplied to
the glow plug and a reference resistance having a con-
stant resistance value.

[0009] For example, under a condition in which a glow
plug has a high initial resistance value, and a temperature
of the glow plug can reach a target temperature value
even if the resistance value thereof slightly increases ac-
cording to the use, there is a possibility of judging that
the glow plug deteriorates when a detected resistance
value of the glow plug exceeds a threshold value even
though the glow plug has not deteriorated. On the other
hand, when a glow plug has a low initial resistance, there
is a possibility of judging that the glow plug has not de-
teriorated and correctly works even if a resistance value
increases according to the use because the glow plug
has the low initial resistance value and aresistance value
of the glow plug does not exceed its threshold value.
[0010] Further, a power supply control device in a con-
ventional power supply control device for a glow plug
controls the power supply to all of plural glow plugs
mounted to corresponding cylinders of an internal com-
bustion engine. Because each of the glow plugs has an
unavoidable individual resistance value, a PWM control
determines an average voltage Vg to be supplied to
the glow plugs on the basis of the minimum resistance
value in the normal rated resistance value of the glow
plugs and supplies an electric power determined by
Vavr? Rap to the glow plugs in order to avoid an exces-
sive temperature rise of the glow plugs.

[0011] Accordingly, evenifthe PMW control avoids the
excessive temperature rise of the glow plug having the
minimum resistance value, there is a possibility of de-
creasing areached temperature value and a temperature
rising speed of the glow plug having a high resistance
value.

[0012] Further, the glow plug power supply control de-
vice disclosed in the patent document 3 performs a com-
plicated control because of using environmental informa-
tion such as a temperature of the internal combustion
engine. The glow plug power supply control device has
a large circuit size because of requiring a CPU having a
high arithmetic processing capability and an interrupt tim-
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er, etc. This introduces a difficulty to mount the glow plug
power supply control device into a limited engine mount-
ing space in which highly integrated electric control de-
vices are arranged.

[0013] Further, in order to control a heating tempera-
ture of the glow plug with high accuracy and detect an
abnormality state of the glow plug, the conventional glow
plug power supply control device performs a A/D conver-
sion of a plug current flowing in the glow plug and a plug
voltage supplied to the glow plug, and transmits the con-
verted values to the ECU. The ECU performs an arith-
metic process of the converted values. The ECU stops
the operation of the glow plug power supply control de-
vice and performs a temperature compensation process
on the basis of the results of the arithmetic process. This
requires a high performance CPU and a high speed data
communication means such as CAN because a large
amount of data must be transmitted between the glow
plug power supply control device and the ECU. This in-
creases a manufacturing cost therefor.

[0014] In addition, the method disclosed in the patent
document 3 has a large problem of decreasing an actual
temperature of the glow plug, which is lower than the
targettemperature, caused by the influence of swirl when
a constant target power is supplied to the glow plug.
[0015] A purpose of the present invention is to provide
a heating device of a control section integrated-type hav-
ing a simple and easy mounting structure. The heating
device of a control section integrated-type is capable of
judging occurrence of deterioration of a heating element
having different individual characteristics, irreversibly
present, and adjusting the heating element in each heat-
ing device independently with high accuracy when a plu-
rality of the heating devices is used simultaneously in an
internal combustion engine.

Means for solving the problem

[0016] In the invention recited in claim 1, the heating
device is comprised of a heating element, a power supply
control module and a housing casing. The heating ele-
ment and the power supply control module are assem-
bled together in the housing casing. The power supply
control module is comprised of a reference resistance
value storage means and a resistance value change re-
flecting means. A resistance value of the heating element
changes in a positive correlation to a temperature change
of the heating element. The power supply control module
controls a power source to supply electric power to the
heating element so that the resistance value of the heat-
ing element becomes equal to a target resistance value.
The reference resistance value storage means stores,
as a reference resistance value, a resistance value of
the heating element at a predetermined target tempera-
ture, which is previously measured by the power supply
control module. A resistance value change reflecting
means uses the reference resistance value as a thresh-
old value, and allows the power supply to the heating
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element when the resistance value of the heating ele-
ment is lower than the reference resistance value during
the power supply to the heating element. The resistance
value change reflecting means halts the power supply to
the heating element when the resistance value of the
heating element exceeds the reference resistance value
during the power supply to the heating element in order
to reflect, to the power supply control, the resistance val-
ue change due to the temperature change of the heating
element.

[0017] In the invention recited in claim 2, the heating
device is comprised of a heating element, a power supply
control module and a housing casing. The heating ele-
ment and the power supply control module are assem-
bled together in the housing casing. The power supply
control module is comprised of a reference resistance
value storage means, a resistance value change reflect-
ing means and a deterioration judgment means. A resist-
ance value of the heating element changes in a positive
correlation to a temperature change of the heating ele-
ment itself. The power supply control module controls a
power supply from a power source to the heating element
so that the resistance value of the heating element be-
comes equal to a target resistance value. The reference
resistance value storage means stores, as a reference
resistance value, a resistance value of the heating ele-
ment at a predetermined target temperature, which is
previously measured by the power supply control mod-
ule. A resistance value change reflecting means uses
the reference resistance value as a threshold value, and
allows the power supply to the heating element when the
resistance value of the heating element is lower than the
reference resistance value during the power supply to
the heating element. The resistance value change re-
flecting means halts the power supply to the heating el-
ement when the resistance value of the heating element
exceeds the reference resistance value during the power
supply to the heating element in order to reflect, to the
power supply control, the resistance value change due
to the temperature change of the heating element. The
deterioration judgment means judges whether or not the
heating element is deteriorated on the basis of a deteri-
oration power value in a deterioration state of the heating
element, as a power threshold value, to be supplied to
the heating element at a predetermined deterioration lim-
it-temperature.

The deterioration power value in the deterioration state
is calculated by multiplying together a predetermined rate
and an initial power value, to be supplied to the heating
element in a normal state at a predetermined tempera-
ture previously detected.

[0018] Inthe invention recited in claim 3, the reference
resistance value of the heating element is adjusted by
an electrical trimming.

[0019] In the invention recited in claim 4, the electrical
trimming is a digital trimming by using a Zener zapping
or a poly silicon fuse.

[0020] In the invention recited in claim 5, the heating
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element is a glow plug which is mounted to a respective
cylinder of an internal combustion engine.

[0021] In the invention recited in claim 6, the deterio-
ration judgment means performs a deterioration judg-
ment of the heating element at a time selected from the
time before a cranking of the internal combustion engine,
the time immediately after the stop of the internal com-
bustion engine, and the time during an idling stop oper-
ation.

Effects of the invention

[0022] According to the invention recited in claim 1, the
heating element and the power supply control module
are assembled together in the housing casing. This
makes it possible to adjust the reference resistance value
of each heating element having an unavoidable different
individual resistance value generated in a manufacturing
process. When considering a change of a resistance val-
ue accompanied with a temperature change, the resist-
ance value change reflecting means performs a temper-
ature control independently to the heating element with
a high accuracy without considering the state of other
heating devices.

[0023] Inaddition, because the heating device can per-
form a self-contained temperature control without using
any external information such as a temperature of water
used in the engine, like the conventional device, it is pos-
sible for the heating device according to the present in-
vention to have a very simple and easy mounting struc-
ture, and decrease the manufacture cost of the heating
device.

[0024] According to the invention recited in claim 2, in
addition to the effects of the invention recited in claim 1,
when the heating device performs the temperature con-
trol so that a resistance value of the heating element be-
comes equal to the reference resistance value, there is
a possibility of increasing a resistance value of the heat-
ing element after the long use of time. This decreases
an effective power value and an actual heating temper-
ature of the heating device. But, the deterioration judg-
ment means sets the effective power value to be not more
than the power value when the heating element is dete-
riorated, and it is possible for the deterioration judgment
means to judge occurrence of deterioration of the heating
element when the heating temperature of the heating el-
ement is not more than a usable limit temperature. Ac-
cordingly, it is not necessary for the deterioration judg-
ment means to use external environmental information,
andtransmit alot of such information between the heating
device and an external arithmetic processing device, and
not necessary for the external arithmetic processing unit
to perform the deterioration judgment process. On the
other hand, the conventional heating device requires for
the external arithmetic processing unit to perform the de-
terioration judgment process. It is therefore possible for
the heating device according to the present invention to
perform a fast and self-contained judgment process for
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judging occurrence of deterioration of each of the heating
elements with a simple structure. This makes it possible
to allow an operator to do prompt countermeasure
against the occurrence of deterioration of the heating el-
ement.

[0025] According to the invention recited in claim 3, it
is possible to form a desired reference resistance value
by using a part of elements which form the power supply
control module. This makes it possible to provide the
heating device of a control section integrated-type capa-
ble of performing the deterioration judgment of the heat-
ing element with a simple structure and without increas-
ing a size of the power supply control module because
the heating device is equipped with the power supply
control module capable of adjusting a temperature of the
heating element with high accuracy.

[0026] According to the invention recited in claim 4, it
is possible to easily adjust the reference resistance value
corresponding to the different individual characteristics
of the heating element by the digital trimming with high
accuracy.

[0027] According to the invention recited in claim 5, it
is possible to independently perform the temperature
control of each of plural glow plugs without being affected
to each other even if the glow plugs have different indi-
vidual characteristics. It is further possible for the heating
device of a control section integrated-type according to
the invention to perform a fast judgment of detecting oc-
currence of deterioration of the glow plugs with a good
accuracy. This makes it possible to provide the glow plug
of a control section integrated-type with a simple struc-
ture and high accuracy.

[0028] According to the invention recited in claim 6, it
is possible to perform a deterioration judgment of the
glow plug with high accuracy and without being affected
by the working state of the internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

[Figure 1] (a) is a view showing a schematic structure
of a heating device of a control section integrated-
type according to exemplary embodiments of the
present invention, and (b) is an overall view of a glow
plug equipped with a control section capable of in-
dependently adjusting a power supply to each of a
plurality of glow plugs which is mounted to a respec-
tive cylinder of an internal combustion engine.

[Figure 2] shows a structure of the glow plug of a
control section integrated-type equipped with the
control section shown in Figure 1, (a) is a view show-
ing a vertical cross section of the structure of the
glow plug of a control section integrated-type
equipped with the control section shown in Figure 1,
(b) is a view showing a lateral cross section along
the line A-A shown in (a) of Figure 2, (c) is a view
showing a vertical cross section of a schematic struc-
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ture of a metal heater to be used as a glow plug to
which the present invention is applied, and (d) is a
view showing a vertical cross section of a schematic
structure of a ceramic heater to be used as the glow
plug to which the present invention is applied.
[Figure 3] is a characteristic view showing a corre-
lation between a temperature of a glow plug, to which
the present invention is applied, and a resistance
value of the glow plug, where Ryt indicates resist-
ance temperature characteristics at an initial state
(as initial resistance temperature characteristics),
Rpct indicates resistance temperature characteris-
tics after a use of a constant time, and Ryry indi-
cates resistance temperature characteristics under
deterioration.

[Figure 4] is a flow chart showing an initial tempera-
ture rise control method to be used in the heating
device according to the present invention.

[Figure 5] is a flow chart showing a normal control
method to be used in the heating device according
to the present invention.

[Figure 6] is a timing chart of the heating device ac-
cording to the present invention, (a) is a timing chart
showing a drive signal in the heating device accord-
ing to the present invention, (b) is a timing chart
showing a change of a plug resistance, (c) is a timing
chart showing a judgment result of a temperature
change reflecting means, (d) is a timing chart show-
ing an operation state of a semiconductor open/close
element when a feedback control of a temperature
change is performed, (e) is a timing chart showing a
change of a current to be supplied to the heating
device, and (f) is a timing chart showing a change of
a heating temperature.

[Figure 7] is a timing chart of the heating device ac-
cording to the present invention from an initial state
to a deterioration state under a normal control mode,
(a) is a timing chart showing a drive signal in the
heating device according to the present invention,
(b) is a timing chart showing a change of a plug re-
sistance, (c) is a timing chart showing a judgment
result of a temperature change reflecting means, (d)
is atiming chart showing an operation state of a sem-
iconductor open/close element when a feedback
control of a temperature change is performed, (e) is
a timing chart showing a change of a current to be
supplied to the heating device, (f) is a timing chart
showing a change of an average power, and (g) is
a timing chart showing a change of a heating tem-
perature.

[Figure 8]is aflow chart showing an after glow control
method used by the heating device according to the
present invention;

[Figure 9] shows effects of the present invention, (a)
shows characteristics of a temperature control state
during a normal control mode of the heating device
according to the present invention, (b) shows char-
acteristics of a temperature control state during a pre
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heating control mode of the heating device according
to the present invention, (c) shows characteristics of
atemperature control state during the after glow con-
trol mode of the heating device according to the
present invention; and

[Figure 10] is a flow chart of judging occurrence of
deterioration of the heating device according to the
present invention.

Embodiments to execute the present invention

[0030] Next, a description will be given of a glow plug
1 of a control section integrated-type according to an ex-
emplary embodiment of the present invention. The glow
plug 1 is comprised of a heating element 10 mounted to
a corresponding cylinder in a plurality of cylinders mount-
ed to an internal combustion engine, a detail of which is
omitted from the drawings, a power supply control mod-
ule 20 and a housing casing 30. The power supply control
module 20 performs a power supply control from a power
source 6 to the heating element 10. The housing casing
30 accommodates the heating element 10 and the power
supply control module 20 together.

[0031] Asshownin FIG. 1, the glow plug 1 of a control
section integrated-type according to the exemplary em-
bodiment is comprised of the heating element 10, the
power supply control module 20, and the housing casing
30. The heating element 10 generates heat energy when
receiving an electric power. A resistance value of the
heating element 10 changes in a positive correlation to
its temperature change. The power supply control mod-
ule 20 adjusts a power supply from the power source 6
to the heating element 10 so that the resistance value
Rgp of the heating element 10 becomes equal to a target
resistance value Ryrg. The housing casing 30 accom-
modates the heating element 10 and the power supply
control module 20 so that the heating element 10, the
power supply control module 20 and the housing casing
30 are integrated together. The power supply control
module 20 is comprised of a reference resistance value
storage means 231 and a resistance value change re-
flecting means 233. The reference resistance value stor-
age means 231 stores a resistance value of the heating
element 10, as the reference resistance value R¢, at a
predetermined target temperature Ttgrg measured in ad-
vance. The resistance value change reflecting means
233 uses the reference resistance value R as a thresh-
old value, and allows the power source to supply electric
power to the heating element 10 when the resistance
value Rgp of the heating element 10 is lower than the
reference resistance value R during the power supply.
The resistance value change reflecting means 233 halts
the power supply to the heating element 10 when the
resistance value Rgp of the heating element 10 exceeds
the reference resistance value R during the power sup-
ply to the heating element 10 in order to reflect, to the
power supply control, the resistance value change due
to the temperature change of the heating element 10.
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[0032] The power supply controlmodule 20 further has
a deterioration judgment means 234. The deterioration
judgment means 234 judges whether or not the heating
element 10 is deteriorated on the basis of a deterioration
power value Pyygy in @ deterioration state, as a power
threshold value Prgg, to be supplied to the heating ele-
ment 10 at a predetermined deterioration limit-tempera-
ture Tyyrn- The power value Py, gy in a deterioration state
is calculated by multiplying together a predetermined rate
and an initial reference power value Py, to be supplied
to the heating element 10 in a normal state, previously
detected at a predetermined temperature.

[0033] The deterioration judgment means 234 accord-
ing to the exemplary embodiment has a self-diagnosis
means for determining occurrence of deterioration of the
heating element and outputs a self-diagnosis signal DI.
The self-diagnosis means judges the deterioration of the
heating element when an effective power value P51 be-
comes not more than the predetermined deterioration
limit-temperature T\ygy. The effective power value Ppct
is calculated on the basis of a plug current Igp actually
flowing in the heating element 10 and a plug voltage Vgp
applied to the heating element 10 while considering a
target power Pyrg as a reference of a predetermined
target temperature T1rg.

[0034] Itis possible to use, as a concrete value of the
deterioration power value Py gy, @ value obtained by mul-
tiplying a constant rate (for example, 90 %) and the initial
reference power value P necessary for the heating
element to reach a target temperature T1rg determined
at a manufacturing process.

[0035] A description will be given of the glow plug 1 of
a control section integrated-type as the heating device
according to the exemplary embodiment of the present
invention with reference FIG. 1.

[0036] The glow plug 1 is comprised of the heating el-
ement 10 (1~n) and the power supply control module 20
(1 ~n) Which are integrated together in the housing casing
30 (1 . n)- The glow plug 1 of a control section integrated-
type is connected to an engine control unit (ECU) 7
through connector terminals (41, 42, 43). The heating
element 104 _ ;) is mounted to a respective cylinder of
the internal combustion engine 8 (not shown in detail).
The power supply control module 20(1 ~n) receives a
drive signal Sl transmitted from the ECU 7. A target tem-
perature Ttrg is determined on the basis of the drive
signal Sl. The drive signal Sl corresponds to a working
state of the internal combustion engine 8. The power sup-
ply control module 204 . ,) compares an actually-detect-
ed plug resistance value Rgp with the reference resist-
ance value R¢, and adjusts the power supply from the
power source 6 to the heating element 104 _, in syn-
chronization with the drive signal Sl on the basis of the
comparison result.

[0037] The power supply control module 20 (4 _ ) has
a mold package 200 which accommodates at least a
semiconductor open/close element 21, a drive circuit
section 22 and a heating element control IC 23. A power
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input terminal 201, a drive signal input terminal 202, a
self-diagnosis signal output terminal 203, an output ter-
minal 204 and a ground terminal 205 are outwardly ar-
ranged on the mold package 200 of the power supply
control module 20.

[0038] The exemplary embodimentuses an N channel
power MOS FET (hereinafter, referred as MOS 21) as
the semiconductor open/close element 21.

[0039] The MOS 21 has a plurality of control MOS 210
(hereinafter, referred as main MOS 210) for opening/
closing a large current flowing in the heating element 10.
A current detection MOS 211 (hereinafter, referred to as
a sense MOS 211) is used, as a part of the MOS 21, for
detecting a current flowing in the heating element 10.
The main MOS 210 and the sense MOS 211 make a
current mirror circuit. A current detection resistance 212
is connected to the MOS 211.

[0040] The current detection resistance 212 is con-
nectedto a heating element control IC 23 through a sense
terminal SEN. The heating element control IC 23 is
equipped with a deterioration judgment means 234 which
is a main section of the present invention.

[0041] In the exemplary embodiment, the drive circuit
section (DRV) 22 is equipped with a booster means such
as a charge pump. For example, the drive circuit section
22 outputs a predetermined drive voltage Vgg which is
boosted in order to drive the MOS 21 in synchronization
with a falling edge of the drive signal SI. The drive signal
Slis outputted from the ECU 7 to the power supply control
module 20 in order to determine a duty ratio Ty, T with
which the heating element generates heat energy to
reach a target temperature Ttrg Which corresponds to
the operation state of the internal combustion engine 8.
[0042] Timing charts shownin FIG. 6 and FIG. 7 show
an example to initiate a power supply in synchronization
with a falling edge of the drive signal SI. However, it is
possible to optionally select one of a high level Hi and a
low level Lo of the drive signal Sl in order to drive the
MOS 21 according to demand.

[0043] The charge pump is for example comprised of
an operational amplifier 220, a charge capacitance 222,
an output capacitance 224 and diodes 221 and 223. The
charging operation and the discharging operation are re-
peatedly performed by a switching operation of the op-
erational amplifier 220. The electric energy charged in
the output capacitor 224 is discharged multiple times to
boost the power source voltage Vg to a gate voltage V.
For example, the gate voltage Vg is twice as much as
the power source voltage Vg. The boosted gate voltage
Vg is supplied to a node between the gate and the
source of the semiconductor open/close element 21.
[0044] FIG. 1 (a) shows the charge pump comprised
of the operational amplifier 220, the diodes 221 and 223,
and the capacitors 222 and 224. However, the concept
of the present invention is not limited by the boosting
structure shown in (a) in FIG. 1. It is acceptable to use a
DC-DC converter of a chopper type comprised of a com-
bination of a choke coil, a capacitor, a diode, etc. or a
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DC-DC converter of a fly-back type having a booster
transformer, etc.

[0045] The heating element control IC 23 as a main
part of the present invention is comprised of a resistance
value arithmetic means 230, a reference resistance stor-
age means (a reference resistance forming section) 231,
a reference resistance adjusting means (Zener zap cir-
cuit) 232, a resistance value change reflecting means
(F/B means) 233, an initial power reference resistance,
an initial power reference resistance adjusting means
(Zener zap circuit) and a deterioration judgment means
234. The resistance value arithmetic means 230 calcu-
lates a plug resistance value Rgp of the heating element
10 on the basis of the plug current Igp detected by the
current detection resistance 212 previously described,
and the plug voltage Vgp (which is equal to the source
voltage Vgg of the semiconductor open/close element
21) applied from the semiconductor open/close element
21 to the heating element 10.

[0046] Further,inthe exemplary method previously de-
scribed, the sense MOS 211 detects the currentIgp when
theresistance value Rgp is calculated. However, the con-
cept of the present invention is not limited by the exem-
plary method previously described.

[0047] For example, it is possible to detect the resist-
ance value Rgp of the heating element 10 with a more
high accuracy by detecting the plug voltage Vgp gener-
ated when a constant current within a relatively low range
of several 10 mA to several 100 mA is supplied from the
heating element control IC 23 to the heating element 10
under a condition when the MOS 21 is turned off.
[0048] The plug resistance value Rgp of the heating
element 10 is determined on the basis of resistance tem-
perature characteristics of the heating element 10. There
is a constant correlation between the heating tempera-
ture of the heating element 10 and the plug resistance
value Rgp.

[0049] Afterthe heating element 10 is connected to the
power supply control module 20 during a manufacturing
process of the glow plug 1 of a control section integrated-
type, a power is supplied to the heating element 10 to
increase atemperature thereof to a predetermined target
temperature (T,). At this time, an external device meas-
ures a resistance value of the heating element at the
temperature (T,) thereof, and uses the detected temper-
ature as the reference resistance value Rq. The refer-
ence resistance value R is stored in the reference re-
sistance value storage means 231 (hereinafter, referred
as "MEM 231") on the basis of a timing when receiving
an external signal.

[0050] Itis alsoacceptable to detect aresistance value
of the heating element 10, to which the control module
20 is not connected, during the manufacturing process
of the heating element 10, and then store the detected
resistance value into the MEM 231 of the control module
20.

[0051] The resistance value change reflecting means
(F/B means) 233 compares the reference resistance val-
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ue R stored in the MEM 231 with the plug resistance
Rgp detected when the heating element 10 is actually
used. The resistance value change reflectingmeans (F/B
means) 233 outputs the comparison result to perform the
feedback control.

[0052] Because the power supply control is performed
by opening and closing the semiconductor open/close
element 21 in order to maintain the reference resistance
value R of the heating element 10 on the basis of the
reference resistance value R corresponding to the in-
dividual resistance temperature characteristics of the
heating element 10, it is possible to adjust the tempera-
ture of the heating element 10 to a desired heating tem-
perature with a high accuracy when compared with a
case in which the power supply to a plurality of heating
elements is adjusted on the basis of a single control con-
dition.

[0053] By the way, a long use of the heating element
10 makes a diffusion of metal forming electrodes into an
insulation layer, and occurs a migration in which conduc-
tive components move between the heating element to
the insulation layer, or increases the plug resistance val-
ue Rgp because of increasing a contact resistance by
separation of the electrodes and oxidation of the elec-
trodes.

[0054] It is accordingly to judge the occurrence of de-
terioration of the heating element when a heating tem-
perature of the heating element is decreased to the pre-
determined deterioration limit-temperature Ty (for ex-
ample, 1,150 °C) from than the target temperature T1rg
(for example, 1,250 °C) by a constant value AT (for ex-
ample, 100 °C).

[0055] However, the glow plug 1 of a control section
integrated-type according to the present invention per-
forms the temperature control of the heating element
without detecting an actual temperature of the heating
element, that is, performs the power supply control so
that the resistance value Rgp becomes equal to the ref-
erence resistance value Rg. It is therefore impossible to
judge whether or not deterioration of the heating element
occurs on the basis of an actual heating temperature of
the heating element 10.

[0056] Furthermore, it is difficult to maintain an accu-
racy of judging the deterioration of the heating element
on the basis of an average current because the current
value Igp changes due to the battery voltage (as the pow-
er source voltage) +B.

[0057] An initial power reference resistance value
RpnT IS Obtained by performing an electric trimming of
the initial reference power value Py at an initial target
temperature Ttrg, for example, as a change of the ef-
fective power Ppct when it is adjusted so that the plug
resistance value Rgp is equal to the reference resistance
value R inorderforatemperature of the heating element
to reach the target temperature T1gg. The obtained initial
power reference resistance value Rp |yt is then stored.
Occurrence of deterioration of the heating element is
judged when the resistance of the heating element

10

15

20

25

30

35

40

45

50

55

changes from the initial power reference resistance value
P\nT by not less than a constant value and the effective
power Pt becomes not more than the power threshold
value Pgrgr.

[0058] The feature of the present invention is that the
resistance value Rgp of the heating element 10 is not
calculated and the judgment of the occurrence of dete-
rioration of the heating element 10 is performed on the
basis of a comparison result between the resistance val-
ue Rgp of the heating element 10 and the threshold value.
That is, the feature of the present invention is to perform
the power supply control so that the resistance value Rgp
ofthe heating element 10 becomes equal to the reference
resistance value R having a constant value. Further,
the feature of the present invention is to detect the oc-
currence of deterioration of the heating element 10 when
the resistance value Rpg at the predetermined temper-
ature increases and the effective power P, is de-
creased due to the deterioration of the heating element
10, when the heating temperature of the heating element
10 is maintained constant.

[0059] Inordertostoretheinitial reference powervalue
PINT as a reference value to be used for judging the
occurrence of deterioration, it is possible to judge the
deterioration of the heating element having different in-
dividual characteristics by using the resistance ora mem-
ory element which can be processed by a trimming proc-
ess.

[0060] Specifically, the reference resistance adjusting
means 232 performs an electric trimming of the initial
power reference resistance value Rpjyt. This allows the
initial power reference resistance value Rp 1 to become
an adjustable resistance.

[0061] More specifically, the electric trimming is per-
formed by a digital trimming which uses a Zener zapping
or a poly silicon fuse.

[0062] Itis possible to provide the reference resistance
value R¢. This requires a microcomputer and increases
significantly a circuit size.

[0063] A description will now be given of a structural
feature of the glow plug 1 of a control section integrated-
type as the heating device according to the exemplary
embodiment of the present invention with reference to
FIG. 2.

[0064] The glow plug 1 of a control section integrated-
type has a structure in which the housing casing 30, the
heating element 10, the power supply control module 20
and the connector section 40 are assembled together.
The housing casing 30 has substantially a cylindrical
shape. The heating element 10 is arranged at a front
section of the housing casing 30. The housing casing 30
accommodates the power supply control module 20. The
connector section 40 allows the glow plug to communi-
cate with external devices.

[0065] It is possible for the present invention to use,
as the heating element 10, a metal heater 10 shown in
FIG. 2 (d) or a ceramic heater 10a shown in FIG. 2 (e).
[0066] The metal heater 10 is comprised of a metal
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protection tube 103, a heating coil 102, a control coil 104
and insulation material 100. The metal protection tube
103 has substantially a cylindrical shape having a base
section, a distal end of the metal heater 10 is open, and
a front section of the metal heater 10 is closed. Each of
the heating coil 102 and the control coil 104 is made of
metal resistance wire coil. The insulation material 100 is
magnesia powder, etc. and stored in the metal protection
tube 103. A ground section 101 arranged at the front side
of the heating coil 102 is electrically connected to the
metal protection tube 103. The distal end of the control
coil 103 is connected to an input terminal 106. The input
terminal 106 allows the power supply control module 20
to communicate with the metal heater 10. The heating
coil 102 and the metal protection tube 103 are made of
known material such as Fe-Cr-Al alloy, Fe-Cr alloy, Ni-
Cr alloy and are formed to have a predetermined resist-
ance value.

[0067] The ceramic heater 10a is comprised of a ce-
ramic resistance member 102a, a pair of lead sections
103a and 104a, and an insulation member 100a. The
ceramic resistance member 12a has a character U-like
shape. Through the lead sections 103a and 104a, exter-
nal devices communicate with the ceramic resistance
member 102a. The insulation member 100a has sub-
stantially a rod-like shape with which the lead sections
103a and 104a are covered. One end part of the lead
section 103a connected to one end part of the ceramic
resistance member 102a is extended toward a direction
of a side surface of the insulation member 100a. A ground
terminal 101a is formed at the side surface of the insu-
lation member 100a. A front end section of the lead sec-
tion 104a connected to the other end part of the ceramic
resistance member 102a is extended to the distal end
section of the insulation member 100a, at which an input
terminal 105a is formed. The input terminal 105a is con-
nected to the power supply control module 20 through
an input terminal metallic part 106a.

[0068] For example, the ceramic resistance member
102a is made of a conductive ceramic material, for ex-
ample, a sintered member of a mixture of silicon nitride
and tungsten carbide.

[0069] Further, the lead sections 103a and 104a are
made of heat resistant metal material such as tungsten.
[0070] The insulation member 100a is made of insula-
tion ceramic material such as silicon nitride.

[0071] The metal heater 10 or the ceramic heater 10a
is supported and fixed by a heating-member supporting
member having substantially a cylindrical shape.
[0072] The heating-member supporting member is
made of metal such as SUS (Stainless steel in Japanese
Industrial standards), and has substantially a cylindrical
shape. The metal heater 10 or the ceramic heater 10a is
supported and fixed in the inside of the heating-member
supporting member. The heating-member supporting
member is electrically connected to the metal protection
tube 103 or the ground terminal 101a so that one end of
the heating element 10 is grounded and connected to
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the internal combustion engine through the housing cas-
ing 30.

[0073] Inthe metal heater 10, the metal protection tube
103 is fixed together to the heating-member supporting
member by a known method such as laser welding, braz-
ing and screws.

[0074] In the ceramic heater 10a, the insulation mem-
ber 100a and the heating-member supporting member
are fitted together or fixed together by known methods
such as brazing.

[0075] The housing casing 30 is comprised of a hous-
ing base member 300 which has substantially a cylindri-
cal shape. A front side cylinder section is formed at the
front side of the housing casing 30 in order to support
the heating-member supporting member. A distal end
cylindrical section of the heating-member supporting
member is inserted into and fitted to the front side cylinder
section of the housing casing 30 by welding, etc.
[0076] A screw section 303 is formed on an outer pe-
riphery of the housing casing 30 to screw and fix the glow
plug 1 to the combustion chamber of the internal com-
bustion engine.

[0077] The power supply control module 20 and the
connector section 40 is accommodated in the inside of
the distal end section of the housing casing 30. Through
the connector section 40, the power supply control mod-
ule 20 communicates with the external devices.

[0078] A hexagonal section 304 is formed at the outer
periphery of the distal end side of the housing casing 30
to screw up the screw section 303.

[0079] The connector section 40 is covered with a col-
lar which has substantially a cylindrical shape and fixed
to the distal end side of the housing casing 30.

[0080] Theconnectorsection40iscomprisedofaresin
formation section and the connector terminals 41, 42 and
43. The resin formed section is made of plastic resin, etc.
and has substantially a cylindrical shape. The connector
terminals 41, 42 and 43 are fixed to the inside of the resin
formation section. The connector terminals 41, 42 and
43 communicate with the external devices. A fitting sec-
tion 401 is formed at a distal end side of the connector
section 40. The fitting section 401 has substantially a
cylindrical shape. The fitting section 401 and a connector
of the external device are fitted together. A terminal fixing
section is formed at a middle part of the connector section
40. The connector terminals 41, 42 and 43 are inserted
and fixed to the terminal fixing section. The connector
terminals 41, 42 and 43 communicate with the external
devices. The connector terminals 41, 42 and 43 corre-
spond to the power input terminal, the drive signal input
terminal and the self-diagnosis signal output terminal,
respectively. It is possible to increase and decrease the
number of the connector terminals according to a neces-
sity.

[0081] For example, it is acceptable to form input ter-
minals Tzp¢, Tzp, for the Zener zap in order to adjust the
reference resistance value R by using a Zener zap trim-
ming, and a connector terminal for the Zener zap to com-
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municate with the external devices.

[0082] In order to decrease the number of the termi-
nals, it is possible to commonly use, as these terminals
for the Zener zap, one or more of the drive signal input
terminal 42, the self-diagnosis signal output terminal 43
and the power input terminal 41.

[0083] A control module accommodation space is par-
titioned by a front end side partition section. The control
module accommodation space accommodates the pow-
er supply control module 20.

[0084] AsshowninFIG. 2 (a), the power input terminal
41, the drive signal input terminal 42 and the self-diag-
nosis signal output terminal 43 are connected to the pow-
er input terminal 201, the drive signal input terminal 202
and the self-diagnosis signal output terminal 203 of the
power supply control module 20, respectively

[0085] The output terminal 204 (source terminal Vgg)
of the power supply control module 20 is connected to
the heating element 10, 10a through a central axis 24 to
supply electric power. A GND terminal 205 is connected
to the housing casing 30 through a ground terminal 250,
and further connected to the internal combustion engine
through the housing casing 30.

[0086] In the power supply control module 20 accord-
ing to the exemplary embodiment having the structure
shown in FIG. 1, the MOS 21, DRV 22, JDG 23, etc. are
assembled together, covered with epoxy resin and ac-
commodated in the mold package 200. Further, lead
frames are extended from the mold package 200 to form
the power input terminal 41 (BAT), the drive signal input
terminal 42 (Sl), the self-diagnosis signal output terminal
43 (D), the output terminal 204 (Vgg), and the ground
terminal 205 (GND).

[0087] The power supply control module 20 shown in
FIG. 1is a DIP type (Dual Inline Package type) package.
However, the concept of the present invention is not lim-
ited by the structure. Itis possible to use a SIP type (Sin-
gle Inline Package type) or another known IC package
according to a necessity.

[0088] Specifically, in order to implement the power
supply control module 20 into the housing casing 30 for
the glow plug, itis preferable to use a small-size discrete
semiconductor element package such as a TO-220 type
package. That s, the input terminal, the ground terminal
and the output terminal are sequentially arranged and
expended from the small-size discrete semiconductor el-
ementpackage, in which a power MOS FET and a control
IC can be implemented together, for example, made of
mold resin package having a size of approximately 10
mm x 17 mm x 4.5 mm.

[0089] A description will be given of the temperature
characteristics of heating element 10 used in the glow
plug 1 of a control section integrated-type according to
the present invention with reference FIG. 3.

[0090] FIG. 3 shows a normal state, that is, a relation-
ship between a temperature of the heating element and
a resistance value of the heating element under a satu-
ration state of the temperature and the resistance value
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of the heating element after the elapse of a predeter-
mined time counted from the time when an electric power
is supplied to the heating element. In FIG. 3, the alternate
long and short dash line indicates the initial resistance
temperature characteristics Rj\t, the dotted line indi-
cates the resistance temperature characteristics Ry,
and the solid line indicates the deterioration resistance
temperature characteristics Ryyry under deterioration.
[0091] As shown in FIG. 3, the initial state and the de-
terioration state have the same slope of the resistance
temperature characteristics, that is, the slope of the re-
sistance temperature characteristics is not changed in
the initial state and the deterioration state. The resistance
temperature characteristics Ryygy Of the heating element
is shifted in parallel from the initial resistance temperature
characteristics Ryt so that the resistance value of the
heating elementincreases as deterioration goes on when
compared with the initial resistance value thereof.
[0092] When the resistance to the target temperature
Trrgintheinitial state is used as the reference resistance
value R¢ and an electric power is supplied in order to
maintain the reference resistance value R¢, a heating
temperature of the heating element decreases. It is nec-
essary to output a warning, etc. because it is judged that
the heating temperature is decreased to the predeter-
mined deterioration limit-temperature Tyyry-

[0093] A description will be given of the power supply
control method and the method of detecting deterioration
of the glow plug 1 of a control section integrated-type
according to the present invention with reference to FIG.
4 and FIG. 5.

[0094] FIG. 4 is a flow chart showing an initial temper-
ature rising mode (My7). The process in step S100 starts
the initial temperature rising mode (My7) starts when an
operator turns on a key switch SW.

[0095] The process in step S110 recognizes a drive
signal Sl transmitted from the ECU 30. When the drive
signal Sl transmitted from the ECU 30 is detected, the
operation flow goes to step S120. The process in step
S120 starts the power supply to the heating element 10.
[0096] Next, the process in step S130 detects the plug
voltage Vgp andthe plug currentlp flowing inthe heating
element 10.

[0097] Next, the process in step S140 calculates the
plug resistance value Rgp on the basis of the detected
plug current Igp and the detected plug voltage Vgp.
[0098] Next, the process in step S150 compares the
plug resistance value Rgp with the reference resistance
value R corresponding to the target temperature at the
initial state. Further, the process in step S150 detects
whether or not the plug resistance value Rgp reaches
the reference resistance value R, that is, whether or not
the heating temperature of the heating element reaches
the target temperature.

[0099] When the plug resistance value Rgp is not more
than the reference resistance value Rg, the judgment
result indicates No, and the operation returns to step
S110 to maintain the initial temperature rising mode
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(Minr)-

[0100] When the plug resistance value Rgp is larger
than the reference resistance value Rg, the judgment
result indicates Yes. The initial temperature rising mode
(M|yT) is completed and the operation returns to step
S200 to perform the normal control mode.

[0101] Instep S120,itis possible to perform a pre heat-
ing control mode (Mprg) in steps S121, S122 and S123
in order to prevent excessive temperature rise.

[0102] Specifically, the processinstep S121 compares
the plug resistance value Rgp with a pre-heating control
mode switching reference resistance value Rq, where
the pre-heating control mode switching reference resist-
ance value Rqy indicates a resistance value (which cor-
responds to a pre-heating target temperature, for exam-
ple, corresponding to 1,000 °C) which is slightly lower
than the reference resistance value R. When the plug
resistance value Rgp, is not more than the pre-heating
control mode switching reference resistance value Rqy,
the comparison result indicates No. The operation flow
goes to step S123. The process in step S123 supplies
an electric power having approximately 100 % duty which
exceeds anormal rated power in order to quickly increase
the temperature of the heating element 10 to the pre-
heating target temperature.

[0103] Inthe pre-heating control mode switching judg-
ment process in step S121, when the plug resistance
value Rgp exceeds the pre-heating control mode switch-
ing reference resistance value Ry, the judgment result
indicates Yes. The operation flow goes to step S122 in
order to perform the pre-heating control mode (Mpgg).
The process in step S122 performs the on/off control of
the pre-heating control mode so that a temperature of
the heating element becomes a constant temperature
which is lower than the target temperature during approx-
imately one second only, forexample, using the pre-heat-
ing control mode switching reference resistance value
Rch as a threshold value.

[0104] Specifically, it is possible to perform the pre-
heating control mode Mpgg by the process in steps
S1221 to S$1225.

[0105] Inthe time-up judgment process in step S1221,
it is judged whether or not a constant time t, is elapsed
from the time at which the pre-heating control mode
starts.

[0106] The judgment result indicates Yes before the
constant time is not elapsed (t < t.) from the time at
which the pre-heating control mode starts. The operation
flow goes to step S1222. The process in step S1222 per-
forms a power supply allowable judgment. The process
in step S1222 compares the plug resistance value Rgp
with the pre-heating control mode switching reference
resistance value Rgy in order to judge whether or not
there is a necessity of the power supply.

[0107] When the comparison result in step S1222 in-
dicates Rgp > R¢y, the judgment result indicates Yes.
The operation flow goes to step S1223. The process in
step S1223 halts the power supply, i.e., the state of the
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power supply is turned off in step S1223. On the other
hand, when the comparison result in step S1222 indi-
cates Rgp < Rcp, the judgment result indicates No. The
operation flow goes to step S1224. The process in step
S1224 allows the power supply, i.e., the state of the pow-
er supply is turned on in step S1224. Further, the oper-
ation flow goes to step S1225 which performs the resist-
ance value calculation process. In step S1225, the plug
resistance value Rgp is calculated again. The operation
flow returns to step S1221 and the operation loop is re-
peated.

[0108] When a predetermined time is elapsed from the
time at which the pre-heating control mode starts, the
operation flow completes the pre-heating control mode
and goes to the main routine.

[0109] The pre-heating control mode (Mpgg) in step
S122 prevents an over-heating of the heating element
during the temperature rising process (transition mode
M1gn) to the normal control mode (Mcg7) because of
maintaining the heating element at a temperature which
is lower than the target temperature of 1,250 °C, for ex-
ample by approximately 250 °C for a predetermined pe-
riod of time.

[0110] In addition, the deterioration judgment is not
performed during the initial temperature rising mode
(M|yT) because the plug resistance value Rgp changes
according to the temperature rise of the heating element.
[0111] Itis possible to use a plurality of pre-tempera-
ture control modes, for example, a first pre-temperature
control mode having a first pre-heating target tempera-
ture of 1,000 °C, a second pre-temperature control mode
having a second pre-heating temperature of 1,100°C,
etc.

[0112] In these cases, it is possible to switch the first
pre-heating target temperature and the second pre-heat-
ing target temperature by changing the duty ratio indicat-
ed by the drive signal SI. However, this requires for the
ECU 7 to transmit large amounts of information regarding
the plug resistance Rgp, and therefore increases the total
size of information to be transmitted, like the conventional
techniques.

[0113] The presentinvention stores in the control mod-
ule 20 the information regarding the first pre-heating ref-
erence resistance and the second pre-heating reference
resistance which correspond to the respective target tem-
peratures in order for the control module 20 to independ-
ently process even if using a plurality of the pre-heating
control modes.

[0114] Similar to the pre-heating control mode having
a single pre-heating target temperature, it is possible for
the control module 20 to perform the pre-heating control
without the process of the ECU, that is, to judge whether
or not there is a necessity of the power supply, for exam-
ple, in step S121 or step S150, on the basis of the com-
parison result between the plug resistance value Rgp
and the corresponding reference resistance value, and
perform the on/off control of the MOS 21 so that the plug
resistance value Rgp becomes equal to the correspond-
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ing reference resistance value.

[0115] Further, although it is not necessary when the
power source 6 has an adequate amount of electric pow-
er, there is a possibility of delaying the temperature rising
speed of the heating elements when the electric power
is supplied simultaneously to a plurality of the heating
elements 10 (4 ;) and a large amount of inrush current
is generated and the power source 6 has a heavy load.
[0116] In the heating device according to the present
invention, each of the glow plugs 1 (1~n) of a control sec-
tion integrated-type, which is mounted to the correspond-
ing cylinder in the internal combustion engine, is inde-
pendently equipped with the power supply control mod-
ule 20. An electric power is supplied independently to the
heating element 10 (4 _ 4qy of each of the glow plugs 1
(1 ~n) In this structure, itis preferable for each of the glow
plugs 1 (1~m to have a self-cylinder position judgment
means and a driving-time delay means. The self-cylinder
position judgment means detects a position of the cylin-
der which corresponds to the own glow plug 1. The driv-
ing-time delay means delays the timing to initiate the pow-
er supply according to the cylinder corresponding to the
own glow plug 1.

[0117] FIG. 5is aflow chart showing the normal control
mode.
[0118] In the normal control mode in step S200, the

power supply control is performed on the basis of the
drive signal Sl, and the reference resistance value R of
each of the heating elements 10. Further, it is possible
to provide the warning on the basis of the judgment result
of deterioration of the heating element.

[0119] When the drive signal Sl is detected in the drive
signal input recognition process in step S210 after the
normal control mode in step S200 is initiated, the oper-
ation flow goes to step S210. In step S210, the power
supply to the heating element 10 is initiated.

[0120] In the current and voltage detection process in
step S$220, the plug current Igp flowing in the heating
element 10 and the plug voltage Vgp are detected.
[0121] Next, in the process of calculation the effective
power and the plug resistance value in step S230, the
effective power value P, and the plug resistance value
Rgp are calculated on the basis of the plug current Igp
and the plug voltage Vgp.

[0122] The following step S240 detects the occurrence
of deterioration based on a comparison result between
the effective power value P, -1 and the power threshold
value Prgr by using a threshold value.

[0123] The deterioration power value Py in the de-
terioration state is used as the power threshold value
PRrer, which is a decreased power value, for example 90
% of the initial reference power value Pyt at the initial
state.

[0124] In the deterioration judgment process in step
S240, it is judged that the heating element is not deteri-
orated when the effective power value Ppct is not less
than the power threshold value Prgg. The judgment re-
sult indicates Yes and the operation flow goes to step
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S250 in order to perform the resistance value change
reflecting means (F/B process).

[0125] In the deterioration judgment process in step
S240, itis judged that the heating element is deteriorated
when the effective power value Ppq is lower than the
power threshold value Pggr (for example, when the ef-
fective power value is not more than 90 % of the initial
reference power value P)y7). The judgment result indi-
cates No and the operation flow goes to step S260 in
order to perform the abnormality judgment signal output
process.

[0126] The resistance value change reflecting means
(F/B process) in step S250 compares the plug resistance
value Rgp with the reference resistance value R in order
to perform the feedback of the plug resistance value.
When the plug resistance value Rgp exceeds the refer-
ence resistance value R, the judgment result indicates
Yes. The operation flow goes to step S270 in order to
perform the power supply stop process. When the plug
resistance value Rgp is not more than the reference re-
sistance value R, the judgment result indicates No. The
operation flow goes to step S280 in order to perform the
power supply continuation process.

[0127] In the power supply stop process in step S270,
the power supply is stopped because it is judged that the
heating temperature of the heating element 10 reaches
the target temperature value. The operation flow returns
to step S210.

[0128] Inthe powersupply continuation processin step
S280, the power supply is continued because it is judged
thatthe heating temperature value of the heating element
does not reach the target temperature value.

[0129] The processes in step S210 to step S280 are
repeated in order to control the power supply to the heat-
ing element and maintain the plug resistance value Rgp
of each of the glow plugs 1 (1 ~ n) at a resistance value
close to the individual reference resistance value Rc.
[0130] The abnormality judgment signal output proc-
ess in step S260 outputs the self-diagnosis signal DI, in
order for example to turn on a warning lamp, inform oc-
currence of the abnormality deterioration state, recom-
mend the replacement of the glow plug to the driver of
the motor vehicle, and/or stop the power supply to the
heating element 10.

[0131] A description will be given of the operation of
the glow plug 1 of a control section integrated-type as
the heating device according to the exemplary embodi-
ment of the present invention with reference to FIG. 6.
FIG. 6 shows a control result without performing the pre-
heating mode.

[0132] The drive signal S| determines the duty ratio in
order to determine the target temperature Ttrg which
corresponds to the driving state of the internal combus-
tion engine. The MOS 21 is opened and closed in syn-
chronization with a rising edge or a falling edge of the
drive signal Sl on the basis of the judgment result regard-
ing the necessity of the power supply detected by the
resistance value change reflecting means 233, as previ-
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ously described.

[0133] As shown in FIG. 6 (a), when the drive signal
S| transmitted from the ECU 7 is received, the power
supply to the heating element 10 starts and a temperature
of the heating element 10 increases.

[0134] As previously described, the judgment result in
step S250 indicates yes when the plug resistance value
Rgp exceeds the reference resistance value Re. At this
time, as shown in FIG. 6 (c), the resistance value change
reflecting means 233 outputs a value of zero, and the
power supply to the heating element 10 is not performed.
[0135] However, the power supply to the heating de-
vice 10 is not immediately stopped, but is continued by
the duty ratio (for example, 90 % duty ratio) indicated by
the drive signal Sl after an elapse of one pulse. The MOS
21 is turned on at a following rising edge of the drive
signal Sl in order to halt the power supply to the heating
element 10. When the plug resistance value Rgp be-
comes not more than the reference resistance value R,
the judgment result in step S250 indicates No. The re-
sistance value change reflecting means 233 outputs a
value of one, and the MOS 21 is turned off at a falling
edge of the following drive signal Sl in order to perform
the power supply to the heating element 10.

[0136] Accordingtothe presentinventionas previously
described, the reference resistance value R is used to
determine whether the power supply to the heating ele-
ment 10 starts as shown in FIG. 6 (c). The MOS 21 is
turned off in synchronization with a rising edge of the
drive signal Sl during the OFF state of the judgment result
(JDG) shown in FIG. 6 (c), and the MOS 21 is turned on
in synchronization with a falling edge of the drive signal
S| during the ON state of the judgment result (JDG)
shown in FIG. 6 (c).

[0137] Accordingly, because the operation of the MOS
21 is driven in synchronization with the rising edge or the
falling edge of the drive signal S| as shown in FIG. 6 (d),
the temperature change is slightly delayed from the
change of the plug resistance Rgp, as shownin FIG. 6(e).
However, the control module 20 in each heating device
can independently perform the feedback F/B control of
the plug resistance Rgp so that the plug resistance Rgp
becomes equal to the reference resistance value Rc.
This makes it possible to perform the control of the tem-
perature of the heating element 10 to be equal to the
target temperature Ttrg without using any temperature
of engine cooling water and other temperature informa-
tion.

[0138] A description will be given of the deterioration
judgment method used by the heating device according
to the present invention with reference to FIG. 7.
[0139] FIG. 7 shows timing charts from the initial state
to the deterioration state of the heating element in the
heating device during the normal control mode according
to the present invention.

[0140] As shown in FIG. 7 (a), the ECU 7 outputs the
drive signal Sl which is determined according to the target
temperature TTRG without regard for the deterioration
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state of the heating element 10.

[0141] As shown in FIG. 3, the heating element 10 is
gradually deteriorated due to a long use thereof, and a
resistance value Rgp of the heating element 10 to a con-
stant heating temperature also gradually increases.
[0142] When the resistance value Rgp of the heating
element 10 increases due to a long use, a timing is grad-
ually increased, where the timing indicates a time when
the resistance value Rgp of the heating element 10 ex-
ceeds the reference resistance value Rc after the power
supply is started in synchronization with a falling edge of
the drive signal Sl. Further, when the power supply is
performed on the basis of a constant duty ratio, the max-
imum value of the resistance value Rgp during a period
also increases.

[0143] Accordingly, a time period in which the plug re-
sistance value Rgp is higher than the reference resist-
ance value R in the deterioration state of the heating
element, the number of frequencies when the MOS 21
is turned off increases.

[0144] Accordingly, the plug current Igp becomes low,
as shownin FIG. 7 (e), and as aresult, the effective power
value P, gradually decreases, as shown in FIG. 7 (f).
[0145] Atthistime,itisjudged that the heating element
is deteriorated when the effective power value Ppct
changes by not less than a constant rate of the initial
reference power value Pyt which corresponds to the
predetermined temperature in the initial state and the ef-
fective power value P,c1 becomes not more than the
power threshold value Pggg.

[0146] As shown in FIG. 7 (e), during the initial state,
the heating temperature T of the heating element is main-
tained with the target temperature T1rg and the heating
temperature T is decreased by not less than AT together
with the deterioration progress. Finally, the heating tem-
perature is decreased to a value of not more than pre-
determined deterioration limit-temperature Tyygy. In this
case, the self-diagnosis signal Dl is outputted.

[0147] During a manufacture process, the reference
resistance value R and the initial reference power value
P\nT Of each of the heating elements 10 are stored in the
MEM 232. The power supply control module 20 corre-
sponding to each of the heating elements 10 performs
the power supply control and the abnormality deteriora-
tion judgment process on the basis of the corresponding
reference resistance value R and initial reference power
value P,y of each of the heating elements 10. Itis there-
fore possible to maintain the temperature of the heating
element with high accuracy without being affected by de-
terioration of other glow plugs, and to provide warning
information at an optimum and correct timing.

[0148] A description will be given of the power supply
control method in an after glow control mode with refer-
ence to FIG. 8.

[0149] In the exemplary embodiment previously de-
scribed, the deterioration of the heating element is de-
tected in the normal control mode when the power supply
to the glow plug 1 is performed, i.e. the pre-glow control
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is performed, where the pre-glow control assists the ig-
nition of the internal combustion engine. However, it is
possible to perform the deterioration judgment of the glow
plug of a control section integrated-type according to the
present invention in the afterglow control mode for pro-
tecting a miss fire and decreasing emission.

[0150] This case can perform the deterioration judg-
ment which is substantially equal to that of the normal
control mode. But, in the deterioration judgment process
in step S340, the second deterioration current lyygpo iS
used as a threshold value with which the plug current I5p
is compared. Further, the resistance value change re-
flecting means (F/B process) in step S350 compares the
plug resistance value Rgp with a second reference re-
sistance value R, which is calculated on the basis of
the plug resistance value Rgp and the reference resist-
ance value Rqinorderto perform the threshold judgment.
[0151] Becausethetargettemperatureinthe afterglow
control mode is lower than that in the normal control
mode, the second deterioration power value Pyygyo and
the second reference resistance value R, are lower than
those in the normal control mode, respectively.

[0152] The conventional deterioration judgment devic-
es perform the deterioration judgment of the glow plug
within a limited period of time immediately after the power
supply is stopped. On the other hand, the glow plug 1 of
a control section integrated-type according to the present
invention always performs the deterioration judgment of
the glow plug 1 during both the normal control mode and
the after glow control mode. This makes it possible to
quickly detect occurrence of abnormality deterioration of
the glow plug and take necessary measures.

[0153] FIG. 9 (a) is a characteristic view showing a
temperature control state of the glow plug 1 of a control
section integrated-type without performing the pre-heat-
ing control mode. FIG. 9 (b) is a characteristic view show-
ing a temperature control state of the glow plug 1 of a
control section integrated-type when the pre-heating
control mode is performed. FIG. 9 (c) is a characteristic
view showing a temperature control state of the glow plug
1 of a control section integrated-type in the after glow
control mode.

[0154] As shown in FIG. 9 (a), a temperature of the
heating element is quickly increased by using approxi-
mately 100 % duty ratio or an excessive power supply in
the initial temperature rising mode (M,y7). Further, be-
cause the rapid temperature rapid rising control is
switched to the temperature rising suppress control in
the mode switching temperature T which is lower than
the first target temperature T, an excessive temperature
rising of the glow plug is suppressed. Because the power
supply control is performed on the basis of the feedback
using the drive signal with the reference resistance value
Rc as the threshold value corresponding to the resist-
ance temperature characteristics of the individual glow
plug after the temperature of the heating element reaches
the first target temperature, it is possible to always per-
form the abnormality deterioration judgment during the
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normal control mode quickly detect the abnormality de-
terioration. Further, it is possible to maintain the temper-
ature of the heating element at the second target tem-
perature with high accuracy during the after glow control
mode. Still further, it is possible to always perform the
abnormality deterioration judgment during the after glow
control mode and quickly detect the abnormality deteri-
oration.

[0155] As previously described, when the pre-heating
control mode Mpgg, as shown in FIG. 9 (b), it is possible
to securely prevent an over-temperature rising of the
heating element because the temperature of the heating
element is maintained lower than the target temperature
for a predetermined period of time. After the transition
mode Mgy is performed, the normal control mode Mgt
is performed to maintain the heating element at the target
temperature. In this case, the deterioration judgment is
performed under the condition in which a temperature of
the heating element under one of the pre-heating control
mode Mpgg and the normal control mode Mg becomes
stable.

[0156] A description will be given of the explanation of
determining an optimum period to perform the deteriora-
tion detection and the explanation of the judgment meth-
od ofthe deterioration detection with reference to FIG. 10.
[0157] The exemplary embodiment previously de-
scribed show the method of detecting deterioration and
the power supply control which are performed simulta-
neously during the normal control mode and the after
glow control mode. The exemplary embodiment shown
in FIG. 10 shows the method of performing the deterio-
ration judgment before a cranking or a time immediately
after the internal combustion engine has stopped, or dur-
ing the idle stop control, as a method of eliminating dis-
turbance caused by an operation state and detecting oc-
currence of deterioration with high accuracy.

[0158] For example, a rush current flows in a starter
motor at the cranking, and a battery voltage is fluctuated.
This causes a large fluctuation of the current Igp flowing
in the heating element 10 by the battery voltage +B, and
it is therefore difficult to precisely detect the plug resist-
ance current Rgp. Further, there is a possibility of fluctu-
ating the battery voltage while the engine is driven, etc.
and therefore difficult to precisely detect the plug resist-
ance value Rgp.

[0159] It is therefore preferable to perform the deteri-
oration detection according to the present invention be-
fore the cranking of the internal combustion engine 8, at
a time immediately after the internal combustion engine
has stopped, or during the idle stop control.

[0160] In the drive state recognition process in step
S400 shown in FIG. 10, information regarding operation
state such as engine rotation speed, etc. is inputted. In
the deterioration judgment process in step S410, it is de-
tected that the current state is one of the state before the
cranking, the state immediately after the internal com-
bustion engine has stopped, and the state during the idle
stop control on the basis of the information input in step
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S400.

[0161] Thejudgmentresultindicates Yeswhen the cur-
rent state is one of the state before the cranking, the state
immediately after the internal combustion engine has
stopped, and the state during the idle stop control. The
operation flow goes to step S430. On the other hand, the
judgment result indicates No when the current state is
not one of the state before the cranking, the state imme-
diately after the internal combustion engine has stopped,
and the state during the idle stop control. The operation
flow returns to step S400 without performing the deteri-
oration detection process.

[0162] In the deterioration detection process in step
S430, similar to the exemplary embodiment previously
described, the effective power value Pt is calculated
on the basis of the plug voltage Vgp applied to the heating
element 10 and the plug current |5 flowing in the heating
element 10. The calculated effective power value Pct
is compared with the predetermined power threshold val-
ue Prer-

[0163] It is acceptable to always perform the deterio-
ration detection process for the glow plug according to
the operation state of the internal combustion engine de-
tected by the ECU.

[0164] The exemplary embodiment shows the exam-
ple in which the N channel power MOS FET is arranged
at an upstream side of the load, and driven to open and
close by using a high-side driver. The concept of the
present invention is not limited by this structure. It is pos-
sible to arrange a P channel power MOS FET at a high
side instead of the N channel power MOS FET.

[0165] In general, although such a P channel power
MOS FET has a large ON resistance when compared
with that of an N channel power MOS FET, it is possible
to eliminate any gate voltage boosting means such as a
charge pump circuit from the drive circuit 22 by using
such a P channel power MOS FET.

[0166] It is possible to arrange the N channel power
MOS FET in order to perform the open and close control
by using a low side driver. Although this case causes a
problem to supply a voltage to the glow plug during no
operation of the glow plug, this does not require a boost-
ing means such as a charge pump, and provides a simple
circuit structure.

Explanation of reference numbers

[0167]

1 Glow plug of a control section integrated-
type (Heating device),

10 Glow plug (Heating element),

20 Power supply module,

200 Mold package,

201 Power input terminal,

202 Drive signal input terminal,

203 Self-diagnosis signal output terminal,

204 Output terminal,
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205 Ground terminal,

21 Semiconductor open/close element,

210 Control MOS,

21 Current detection MOS (Mirror circuit sec-
tion),

212 Current detection resistance (Zener zap
resistance),

22 Drive circuit section (DRV),

220 Operational amplifier,

221, 223 Diode,

222, 224 Capacitor,

23 Heating element control IC,

230 Resistance value arithmetic means (Cur-
rent - Voltage detection section),

231 Reference resistance value storage sec-
tion (Reference resistance forming sec-
tion),

232 Reference resistance adjusting means
(Zener zap circuit),

233 Resistance value change reflecting
means (F/B means),

234 Deterioration judgment means,

30 Housing casing,

40 Connector section,

41 Power input terminal,

42 Drive signal input terminal,

43 Self-diagnosis signal output terminal,

6 Power source,

7 Engine control unit (ECU),

8 Internal combustion engine,

SI Drive signal,

PacT Effective power value,

PinT Initial reference power value,

Prer Power threshold value,

PwrN Deterioration power value,

Re Reference resistance value,

RchH Reference resistance value,

Tzp1, Tzp2  Zener zap input terminals,

MINT Initial temperature rising mode,

Mpre Pre-heating control mode,

M1rN Transition mode, and

Mcst Normal control mode.

Claims

1. A heating device (1) comprising:

a heating element (10), a resistance value of
which changes in a positive correlation to a tem-
perature change of the heating element (10);

a power supply control module (20) for control-
ling a power source to supply an electric power
to the heating element so that the resistance val-
ue of the heating element becomes equal to a
target resistance value; and

a housing casing (30) in which the heating ele-
ment (10) and the power supply control module
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(20) are assembled together,

wherein the power supply control module (20) com-
prises:

a reference resistance value storage means
(231) for storing, as a reference resistance val-
ue, a resistance value of the heating element
(10) at a predetermined target temperature,
which is previously measured by the power sup-
ply control module (20); and

a resistance value change reflecting means
(233) for using the reference resistance value
as a threshold value, and allowing the power
supply to the heating element (10) when the re-
sistance value of the heating element (10) is low-
er than the reference resistance value during
the power supply to the heating element (10),
and halting the power supply to the heating el-
ement (10) when the resistance value of the
heating element (10) exceeds the reference re-
sistance value during the power supply to the
heating element (10) in order to reflect, to the
power supply control, the resistance value
change due to the temperature change of the
heating element (10).

2. A heating device (1) comprising:

a heating element (10), a resistance value of
which changes in a positive correlation to a tem-
perature change of the heating element (10);

a power supply control module (20) for control-
ling a power supply from a power source to the
heating element so that the resistance value of
the heating element becomes equal to a target
resistance value;

a housing casing (30) in which the heating ele-
ment (10) and the power supply control module
(20) are assembled together; and

a housing casing (30) in which the heating ele-
ment (10) and the power supply control module
(20) are assembled together,

wherein the power supply control module (20) com-
prises:

a reference resistance value storage means
(231) for storing, as a reference resistance val-
ue, a resistance value of the heating element
(10) at a predetermined target temperature,
which is previously measured by the power sup-
ply control module (20);

a resistance value change reflecting means
(233) for using the reference resistance value
as a threshold value, and allowing the power
supply to the heating element (10) when the re-
sistance value of the heating element (10) is low-
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er than the reference resistance value during
the power supply to the heating element (10),
and halting the power supply to the heating el-
ement (10) when the resistance value of the
heating element (10) exceeds the reference re-
sistance value during the power supply to the
heating element (10) in order to reflect, to the
power supply control, the resistance value
change due to the temperature change of the
heating element (10); and

a deterioration judgment means (234) for judg-
ing whether or not the heating element (10) is
deteriorated on the basis of a deterioration pow-
er value in a deterioration state of the heating
element (10), as a power threshold value, to be
supplied to the heating element (10) at a prede-
termined deterioration limit-temperature, where
the deterioration power value in the deterioration
state is calculated by multiplying together a pre-
determined rate and an initial power value, to be
supplied to the heating element (10) in a normal
state ata predetermined temperature previously
detected.

The heating device as claimed in claim 1 or 2, where-
in the reference resistance value of the heating ele-
ment is adjusted by an electrically trimming.

The heating device as claimed in claim 3, wherein
the electrical trimming is a digital trimming by using
a Zener zapping or a poly silicon fuse.

The heating device as claimed in any one of claims
1 to 4, wherein the heating element (10) is a glow
plug which is mounted to a respective cylinder of an
internal combustion engine (8).

The heating device as claimed in claim 2, wherein
the deterioration judgment means (234) performs
the deterioration judgment of the heating element at
a time before a cranking of the internal combustion
engine (8), immediately after the stop of the internal
combustion engine (8) or an idle stop operation.
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