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Description
Technical Field

[0001] The present invention relates to a controller for
a glow plug arranged in an internal combustion engine
that is automatically stopped and started.

Background Art

[0002] PTL 1 describes an example of a controller that
controls glow plugs for internal combustion engines.
[0003] An internal combustion engine includes an ex-
haust purification device that purifies exhaust, which is
generated when the engine burns air-fuel mixture. The
purification device includes a catalyst that is activated
when the temperature becomes greater than or equal to
a predetermined level. A technique for keeping glow
plugs activated to raise the temperature of the exhaust
and warm the catalyst has been proposed. When such
control of the glow plugs is performed to warm the cata-
lyst, the time from when the engine is started to when
the catalyst becomes sufficiently warm (required time) is
first determined, and the glow plug remains activated
from when the engine is started until the required time
elapses.

Citation List
Patent Literature

[0004] PTL 1:Japanese Laid-Open Patent Publication
No. 2006-046199

Summary of Invention
Technical Problem

[0005] The control of the glow plugs is effective for en-
suring the starting of the engine and the warming of the
catalyst. However, the application of such control to an
internal combustion engine that is automatically stopped
results in the drawback described below.

[0006] When the engine is automatically stopped, the
glow plugs remain activated until the required time elaps-
es from when an ignition switch is operated and the en-
gine is started.

[0007] However, when each glow plug remains acti-
vated in a state in which the engine is stopped due to
automatic stopping, there is no flow of gas in the corre-
sponding combustion chamber. Due to the absence of a
gas flow, the temperature of the glow plug may become
excessively high. This may lower the reliability of the glow
plug.

[0008] Itis an object of the presentinvention to provide
a glow plug controller for an internal combustion engine
that prevents the temperature of the glow plugs from ex-
cessively rising when the engine is automatically
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stopped.
Solution to Problem

[0009] One aspect of the present invention is a glow
plug controller for variably setting power supplied to a
glow plug in an internal combustion engine that under-
goes automatic stopping and automatic starting. When
the engine is stopped due to the automatic stopping, the
glow plug controller keeps the glow plug activated while
decreasing the power supplied to the glow plug relative
to the power supplied when the engine is operating.
[0010] A further aspect of the present invention is a
glow plug controller for controlling activation and deacti-
vation of aglow plugwith arelay in aninternal combustion
engine that undergoes automatic stopping and automatic
starting. In a state in which the engine is stopped due to
the automatic stopping during a period in which activation
of the glow plug is required, the glow plug controller de-
activates the glow plug with the relay, restarts activation
of the glow plug when the engine starts operating due to
the automatic starting, and prohibits activation of the glow
plug when the number of times the automatic stopping
is performed exceeds a predetermined value during the
period in which the activation is required.

Brief Description of Drawings

[0011] [fig.1]Fig. 1is a schematic diagram showing the
structure of an internal combustion engine that is used
with a glow plug controller according to a first embodi-
ment of the present invention.

[fig.2]Fig. 2 is a flowchart showing the procedures
for processing a request for activating glow plugs of
Fig. 1.

[fig.3]Fig. 3 is a flowchart showing the procedures
for processing activation of the glow plugs of Fig. 2.
[fig.4]Fig. 4 is a graph showing the relationship of an
engine stop target temperature and engine speed
used in the processing of Fig. 3.

[fig.5]Fig. 5 is a graph showing the relationship of
the engine speed, engine load, and engine operation
target temperature used in the processing of Fig. 3.
[fig.6]Fig. 6 is a graph showing the relationship of
the engine stop target temperature, battery voltage,
and engine stop duty ratio used in the processing of
Fig. 3.

[fig. 7] Fig. 7 is a graph showing the relationship of
the engine operation target temperature, battery
voltage, and engine operation duty ratio used in the
operation of Fig. 3 used in the processing of Fig. 3.
[fig.8]Fig. 8 is a timing chart showing one example
of a control process performed on the glow plug of
the first embodiment.

[fig.9]Fig. 9 is a schematic diagram showing the
structure of an internal combustion engine that is
used with a glow plug controller according to a sec-
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ond embodiment of the present invention.
[fig.10]Fig. 10 is a flowchart showing the procedures
for processing activation of glow plugs in the second
embodiment.

[fig.11]Fig. 11 is a timing chart showing one example
of a control process performed on the glow plugs in
the second embodiment.

[fig.12]Fig. 12 is a flowchart showing part of process
for requesting activation of glow plugs in a modifica-
tion of the first embodiment.

Description of Embodiments
First Embodiment

[0012] Aglow plug controllerforan internal combustion
engine according to a first embodiment of the present
invention will now be described with reference to Figs. 1
to 8.

[0013] As shown in Fig. 1, a diesel engine 1 includes
a cylinder block. A plurality of cylinders 10 are formed in
the cylinder block. A cylinder head 11 is arranged on the
cylinder block.

[0014] The cylinder head 11 includes a fuel injection
valve 12 and a glow plug 13 for each cylinder 10. An
intake manifold 21, which sends ambient air into the cyl-
inders 10, is coupled to the cylinder head 11.

[0015] An intake passage 22 is coupled to the intake
manifold 21. A throttle valve 23 is arranged in the intake
passage 22 to adjust the amount of intake air. An exhaust
manifold 31 is arranged on the cylinder head 11 to dis-
charge combustion gas from the cylinders 10.

[0016] An exhaust passage 32 is coupled to the ex-
haust manifold 31. A catalyst converter 40, which purifies
exhaustcomponents, is arranged at the downstream side
of the exhaust passage 32.

[0017] The diesel engine 1 includes an exhaust gas
recirculation device 50, which draws some of the exhaust
into the intake air to lower the combustion temperature
in the cylinders 10 and reduce the generation amount of
NOx. The EGR device 50 includes an EGR passage 51,
which connects the intake manifold 21 and the exhaust
manifold 31, an EGR valve 52, which is arranged in the
EGR passage 51, and an EGR cooler. The opening of
the EGR valve 52 is adjusted to adjust an EGR amount,
which is the amount of exhaust drawn from the exhaust
manifold 31 to the intake manifold 21. The EGR cooler
lowers the temperature of the exhaust flowing through
the EGR passage 51.

[0018] An electronic control unit 90 controls the oper-
ation of the diesel engine 1 based on signal inputs from
various sensors. The electronic control unit 90, for ex-
ample controls the amount of fuel injected from the fuel
injection valves 12, the open amount of the throttle valve
23, the open amount of the EGR valve 52, and the acti-
vation of the glow plugs 13.

[0019] The electronic control unit 90 receives a signal
indicating that a starter activation operation has been per-
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formed. In this case, the electronic control unit 90 pro-
duces rotation with the starter and starts the diesel engine
1.

[0020] In addition to starting and stopping the diesel
engine 1 based on the operation of an ignition switch IG,
the electronic control unit 90 starts and stops the diesel
engine 1 in accordance with the vehicle travel state. The
starting of the diesel engine 1 by switching ON the ignition
switch IG is referred to as "normal starting". The starting
of the diesel engine 1 that is not based on the operation
of the ignition switch IG in a state in which the ignition
switch IG is ON, that is, the starting of the diesel engine
1 based on whether automatic starting conditions are sat-
isfied is referred to as "automatic starting". Further, the
stopping of the diesel engine 1 when the ignition switch
IGis ON, thatis, the stopping of the diesel engine 1 based
on whether automatic stopping conditions are satisfied
is referred to as "automatic stopping".

[0021] Examples of automatic stopping conditions in-
clude the speed of the vehicle being lower than a refer-
ence speed and the depression amount of the acceler-
ation pedal being zero. Examples of automatic starting
conditions include the acceleration pedal being de-
pressed when the diesel engine 1 is automatically
stopped.

[0022] The electronic control unit 90 controls activation
of the glow plugs 13. The glow plugs 13 are connected
to the electronic control unit 90 by a power supply unit
100. The power supply unit 100 includes a relay 100a,
which activates and deactivates the glow plugs 13, and
a power regulator 100b, which varies the amount of pow-
er supplied to the glow plug 13 when activating the glow
plugs 13 with the relay 100a. The power regulator 100b
changes the duty ratio of the voltage applied to the glow
plugs 13 to vary the power supplied to the glow plugs 13.
That is, the power regulator 100b performs the so-called
duty control.

[0023] The glow plugs 13 are heated by the power sup-
plied from the power supply unit 100. This raises the tem-
perature in the combustion chambers and ensures the
starting of the diesel engine 1 in a cold state. To warm
the catalyst converter 40, the glow plugs 13 remain ac-
tivated after the diesel engine 1 is started.

[0024] Fig. 2is a flowchart showing the procedures for
processing a request for activating the glow plugs 13.
This process is repeated in predetermined intervals by
the electronic control unit 90.

[0025] In step S100, the electronic control unit 90 de-
termines whether the ignition switch 1G has been
switched ON. When the ignition switch IG has been
switched on, in step S200, the electronic control unit 90
performs a process for activating the glow plugs 13. The
process for activating the glow plugs 13 will be descried
later in detail.

[0026] In step S300, the electronic control unit 90 de-
termines whether an activation time Tr of the glow plugs
13 hasreached arequired time Tx. Step S200isrepeated
until the activation time exceeds the required time Tx.
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The activation time Tr is the total activation time of the
glow plugs 13 after the diesel engine 1 is started. The
required time Tx is set as a time that is sufficient for com-
pletion of the warming of the catalyst converter 40. Fur-
ther, the required time Tx is set in a variable manner
based on, for example, the engine coolant temperature
when the engine is started and the temperature of the
catalyst converter 40.

[0027] When the activation time Tr reaches the re-
quired time Tx, in step S400, the electronic control unit
90 deactivates the glow plugs 13.

[0028] Inthismanner,inthe presentembodiment, after
the ignition switch IG is switched ON, the glow plugs 13
are activated until the activation time Tr reaches the re-
quired time Tx.

[0029] The activation process of the glow plugs 13 will
now be described with reference to Fig. 3.

[0030] In step S1200, when the electronic control unit
90 determines that the diesel engine 1 is being automatic
stopped, in step S1210, the electronic control unit 90 sets
an engine stop target temperature Tps. When determin-
ing in step S1200 that the diesel engine 1 is not being
automatically stopped, the electronic control unit 90 pro-
ceeds to step S1240 and sets the engine operation target
temperature Tpd.

[0031] The engine stop targettemperature Tpsis atar-
gettemperature set for the glow plugs 13 when the diesel
engine 1 is stopped. The operation target temperature
Tpd is a target temperature for the glow plugs 13 when
the diesel engine 1 is operating.

[0032] As shown in Fig. 4, the engine stop target tem-
perature Tps is variably set based on the engine speed
NE. The engine stop target temperature Tps decreases
as the engine speed decreases. When setting the engine
stop target temperature Tps in step S1210, the electronic
control unit 90 has determined in step S1200 that the
diesel engine 1 is being automatically stopped. Thus, due
to the automatic stopping, the engine speed NE is de-
creasing to "0" and ultimately becomes "0". Further, the
engine stop target temperature Tps is set to minimize
power consumption while ensuring that the temperature
of the glow plugs 13 rises to the engine operation target
temperature Tpd when the diesel engine 1 is automati-
cally started.

[0033] Asshown in Fig. 5, the engine operation target
temperature Tpd is variably set based on the engine
speed NE and the engine load KL. The engine operation
target temperature Tpd increases as the engine speed
NE increases or the engine load KL increases. In the
present embodiment, the fuel injection amount is used
as a value indicating the engine load KL. The engine
operation target temperature Tpd is set as a value that
properly warms the catalyst converter 40 and is basically
higher than the engine stop target temperature Tps.
[0034] When setting the engine stop target tempera-
ture Tpsin step S1210, the electronic control unit 90 sets
in step S1220 an engine stop duty ratio Ds that corre-
sponds to the engine step target temperature Tps. As
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shown in Fig. 6, the engine stop duty ratio Ds increases
as the engine stop target temperature Tps increases or
the battery voltage Bt decreases.

[0035] When the glow plugs 13 are activated in a state
in which the diesel engine 1 is stopped, the flow of gas
in the combustion chambers does not decrease the tem-
perature of the glow plugs 13 as much when the diesel
engine 1 is operating. Thus, even if the target tempera-
ture of the glow plugs 13 is the same, the power supplied
in correspondence with the target temperature is less
when the diesel engine 1 is stopped than when the diesel
engine 1 is operating. Accordingly, even when the target
temperature and the battery voltage are the same, the
engine stop duty ratio Ds is set to be smaller than an
engine operation duty ratio Dd, which will be described
later. In other words, when the diesel engine 1 is auto-
matically stopped, the duty ratio corresponding to the tar-
get temperature of the glow plug 13 is lower than the duty
ratio set when the diesel engine 1 is operating.

[0036] When the engine operation target temperature
Tpd is set in step S1240, the electronic control unit 90
sets in step S1250 the engine operation duty ratio Dd
corresponding to the engine operation target tempera-
ture Tpd. As shown in Fig. 7, the engine operation duty
ratio Dd increases as the engine operation target tem-
perature Tpd increases or the battery voltage Bt decreas-
es.

[0037] In this mariner, when the engine stop duty ratio
Ds or the engine operation duty ratio Dd is set, the elec-
tronic control unit 90 in step S1230 activates the glow
plug 13 with the set duty ratio and then temporarily ends
the present processing.

[0038] Fig. 8 showsanexample of the glow plug control
performed in the present embodiment.

[0039] At time t1, when the ignition switch ID is
switched ON, the glow plugs 13 are activated until the
required time Tx elapses, which is based on the coolant
temperature or the like when the diesel engine 1 is started
(time t1 to t6). During activation of the glow plugs 13,
when automatic stopping is not being performed, the en-
gine operation target temperature Tpd is calculated and
the engine operation duty ratio Dd is set in correspond-
ence with the engine operation target temperature Tpd
(time t1 to t2 and time t4 to t6). When the glow plugs 13
are activated with the engine operation duty ratio Dd, the
temperature of the exhaustrises, and the warming of the
catalyst converter 40 is enhanced.

[0040] If the diesel engine 1 is automatically stopped
when the glow plugs 13 are activated, the engine stop
target temperature Tps is calculated and the engine op-
eration duty ratio Ds is set in correspondence with the
engine stop target temperature Tps (time t2 to t4). When
the diesel engine 1 is automatically stopped and the glow
plugs 13 are activated with the engine stop duty ratio Ds,
an excessive increase is suppressed in the temperature
of the glow plugs 13. Further, since the glow plugs 13
remain activated during the automatic stopping, the tem-
perature of the glow plugs 13 does not decrease as much
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as compared to when the power supplied to the glow
plugs 13 is zero during automatic stopping of the diesel
engine 1. Accordingly, when automatic starting restarts
engine operation, the temperature of the glow plugs 13
readily increases. This raises the temperature of the ex-
haust at an early stage.

[0041] When automatic stopping is performed at time
t2, the target temperature of the glow plugs 13 is switched
from the engine operation target temperature Tpd to the
engine step target temperature Tps. This lowers the tar-
get temperature of the glow plugs 13 from time t2. When
the target temperature is suddenly decreased, the tem-
perature of the glow plugs 13 may rapidly decrease and
overshoot the target. In this regard, the present embod-
iment decreases the engine stop target temperature Tps
in accordance with the decrease in the engine speed NE.
Accordingly, at time t2 to t3, when the engine speed NE
is decreasing due to the automatic stopping, the engine
stop targettemperature Tps gradually decreases accord-
ingly. This prevents undershooting in relation with the
temperature of the glow plugs 13.

[0042] In the same manner, when automatic starting
of the diesel engine 1 is performed at time t4, the target
temperature of the glow plugs 13 is switched from the
engine stop target temperature Tps to the engine oper-
ation target temperature Tpd, and the target temperature
of the glow plugs 13 is raised from time t4. When the
target temperature is suddenly increased, the tempera-
ture of the glow plugs 13 may rapidly increase and over-
shoot the target. In this regard, the present embodiment
increases the engine operation target temperature Tpd
in accordance with the increase in the engine speed NE.
Accordingly, at time t4 to t5, when the engine speed NE
is increasing due to the automatic starting, the engine
operation targettemperature Tpd gradually increases ac-
cordingly. This prevents overshooting in relation with the
temperature of the glow plugs 13.

[0043] The present embodiment has the advantages
described below.

[0044] (1) When the diesel engine 1 is stopped due to
automatic stopping, the glow plugs 13 remain activated
and the duty ratio of the voltage supplied to the glow
plugs 13 is decreased relative to the duty ratio set for
when the diesel engine 1 is operating. Thus, the power
supplied to the glow plugs 13 when the diesel engine 1
is stopped due to automatic stopping is decreased rela-
tive to the power supplied when the diesel engine 1 is
operating. This prevents the temperature of the glow
plugs 13 from excessively rising when the diesel engine
1 is being automatically stopped.

[0045] (2) The glow plugs 13 remain activated when
the diesel engine 1 is stopped due to automatic stopping.
Thus, in comparison to when the power supplied to the
glow plugs 13is zero when the diesel engine 1 is stopped
due to automatic stopping, decrease in the temperature
of the glow plugs 13 when the diesel engine 1 is stopped
is suppressed. Accordingly, when the engine operation
is restarted by automatic starting, the temperature of the
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glow plugs 13 is readily increased. This increases the
temperature of the exhaust at an early stage.

[0046] (3) The target temperatures of the glow plugs
13 (engine stop target temperature Tps and engine op-
eration target temperature Tpd) are set in accordance
with the engine operation state (engine speed NE, and
load KL, and the like). As the target temperature of the
glow plugs 13 decreases, the duty ratio of the voltage
supplied to the glow plugs 13 is lowered to decrease the
supplied power. Further, the target temperature of the
glow plugs 13 set when the diesel engine 1 stops oper-
ating due to automatic stopping is lower than the target
temperature of the glow plugs 13 set when the diesel
engine 1 is operating. Thus, the power supplied to the
glow plugs 13 when the diesel engine 1 is stopped due
to automatic stopping is lower than the power supplied
tothe glow plugs 13 whenthe dieselengine 1is operating.
[0047] (4) If the glow plugs 13 are activated when the
diesel engine 1 is stopped, the flow of gas in the com-
bustion chambers does not decrease the temperature of
the glow plugs 13 as much when the diesel engine 1 is
operating. Thus, even if the target temperature of the
glow plugs 13 is the same, the power supplied in corre-
spondence with the target temperature is less when the
diesel engine 1 is stopped than when the diesel engine
1 is operating. Accordingly, when the diesel engine 1 is
stopped due to automatic stopping, the power supplied
in correspondence with the target temperature of the
glow plugs 13 is set to be lower than the power supplied
when the diesel engine 1 is operating. In this manner,
the power supplied to the glow plugs 13 is appropriately
set when the diesel engine is stopped.

Second Embodiment

[0048] A glow plug controller foraninternal combustion
engine according to a second embodiment of the present
invention will now be described with reference to Figs. 9
to 11.

[0049] Inthe presentembodiment, instead of duty con-
trol, ON/OFF control is performed with a relay to control
activation of the glow plugs 13. In step S200 of Fig. 2, a
glow plug activation process that differs from that of the
first embodiment is performed. The glow plug controller
of the present embodiment will now be described center-
ing on differences from the first embodiment.

[0050] As shown in Fig. 9, the electronic control unit
90 of the present embodiment also performs activation
control of the glow plugs 13. The glow plugs 13 are con-
nected by a relay 110 to the electronic control unit 90.
The power supplied to the glow plugs 13 is changed by
the ON/OFF operation of the relay 110. When the elec-
tronic control unit 90 activates the relay 110, power is
supplied to the glow plugs 13. When the electronic control
unit 90 deactivates the relay 110, the supply of power to
the glow plugs 13 is stopped.

[0051] The activation process of the glow plugs 13 in
the present embodiment will now be described with ref-
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erence to Fig. 10.

[0052] When the activation process starts, the elec-
tronic control unit 90 first determines whether the diesel
engine 1 has been automatically started, that is, whether
the diesel engine 1 has just been switched from an au-
tomatically stopped state to an automatically started state
(S2200).

[0053] When determining that the diesel engine 1 has
not been automatically started (S2200: NO), the elec-
tronic control unit 90 determines whether the diesel en-
gine 1 is being automatically stopped (S2210). When the
diesel engine 1 is not being automatically stopped
(82210: NO), the electronic control unit 90 activates the
relay 110 to activate the glow plugs 13 (S2230). This
ends the activation process.

[0054] When determining that the diesel engine 1 is
being automatically stopped (S2210: YES), the relay 110
is deactivated to deactivate the glow plugs 13 (S2220).
Then, the electronic control unit 90 determines whether
the present state is prior to the incrementing of an auto-
matic stop frequency NS (S2240). The automatic stop
frequency NS is the number of times automatic stopping
has been performed when activation of the glow plugs
13 is required, that is, the number of times automatic
stopping is executed from when the activation of the glow
plugs 13 is started to when the required time Tx elapses.
In a state that is not prior to incrementing of the automatic
stop frequency NS (S2240: NO), the electronic control
unit 90 temporarily terminates processing. In a state that
is prior to the incrementing of the automatic stop frequen-
cy (S2240: YES), the electronic control unit 90 proceeds
to step S2250 to increment the automatic stop frequency
NS by "1" and then temporarily terminates processing.
[0055] When determiningin step S2200 that automatic
starting is being performed (S2200: YES), the electronic
control unit 90 determines whether the automatic stop
frequency NS is less than a predetermined determination
value A (S2260). The determination value Ais setto keep
the number of times the relay 110 goes ON and OFF less
than or equal to a predetermined number and takes into
account the operational life of the relay 110 and an ex-
pected total number of times automatic stopping occurs.
[0056] When the automatic stop frequency NS is less
than the determination value A (S2260: YES), the elec-
tronic control unit 90 activates the relay 110 (S2270).
This activates the glow plugs 13 during operation of the
diesel engine 1 after the automatic starting.

[0057] When the automatic stop frequency NS is great-
er than or equal to the determination value A (S2260:
NO), the relay 100a is deactivated (S2280) to deactivate
the glow plugs 13 during operation of the diesel engine
1 after automatic starting. More specifically, even when
the activation time Tr has not reached the required time
Tx and activation of the glow plugs 13 is required, acti-
vation of the relay 110 is prohibited once the automatic
stop frequency NS becomes greater than or equal to the
determination value A.

[0058] Fig. 11 shows an example of a process for con-
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trolling the glow plugs 13 in the present embodiment.
[0059] At time t1, when the ignition switch IG is
switched ON, the required time Tx is calculated based
on the coolant temperature or the like when the diesel
engine 1 is started. Further, the relay 110 is activated to
start activation of the glow plugs 13. When the activation
of the glow plugs 13 raises the temperature of the ex-
haust, the warming of the catalyst converter 40 is en-
hanced. Further, when the glow plugs 13 are activated,
the activation time Tr increases (time t1 to t2, t3 to t4,
and t5 to t6).

[0060] When the activation of the glow plugs 13 is re-
quired, that is, during the period "activation time Tr < re-
quired time Tx" is satisfied from when the glow plugs 13
are activated, if the diesel engine 1 is undergoing auto-
matic stopping, the relay 110 is deactivated to deactivate
the glow plugs 13 (time t2 to t3 and t4 to t5). The deac-
tivation prevents the temperature of the glow plugs 13
from excessively rising when the diesel engine 1 is un-
dergoing automatic stopping.

[0061] Wheneverautomatic stoppingis performed, the
automatic stop frequency NS is incremented (time t2, t4,
t5, and t6). When determining during automatic starting
that the automatic stop frequency NS is less than the
determination value A, the electronic control units acti-
vates the relay 110 to activate the glow plugs 13 if the
diesel engine 1 is operating after automatic starting.
[0062] When determining during automatic starting
that the automatic stop frequency NS is greater than or
equal to the determination value A, the electronic control
unit 90 deactivates the relay 110 (substantially keeps the
relay deactivated when the diesel engine 1 is stopped)
to prohibit activation of the relay 110. Accordingly, fre-
quent activation and deactivation of the relay 110 is pre-
vented if the diesel engine 1 is often automatically
stopped and started when activation of the glow plugs
13 is required. This prevents the life of the relay 110 from
being shortened.

[0063] The present embodiment has the advantages
described below.

[0064] (5) If the diesel engine 1 is stopped due to au-
tomatic stopping when activation of the glow plugs 13 is
required, the glow plugs 13 are deactivated by the relay
110. When the diesel engine 1 is started by automatic
starting, the glow plugs 13 are reactivated. In this manner,
the glow plugs 13 are deactivated when the diesel engine
1 is stopped by automatic stopping. This prevents the
temperature of the glow plugs 13 from excessively rising
when the diesel engine 1 is being automatically stopped.
[0065] In a case in which the relay 110 activates and
deactivates the glow plugs 13, the relay 110 deactivates
the glow plugs 13 when the diesel engine 1 is automat-
ically stopped and activates the glow plugs 13 when the
diesel engine 1 is automatically started. Thus, the relay
110 frequently goes ON and OFF. This may shorten the
life of the relay 110. In this regard, the present embodi-
ment prohibits activation of the relay 110 if the number
of times automatic stopping has been performed during



11 EP 2902 618 A1 12

the period in which activation of the glow plugs 13 is re-
quired (automatic stop frequency NS) becomes greater
than or equal to the determination value A. Thus, even
if the diesel engine 1 is started, the relay 110 remains
deactivated. This suppresses frequent activation and de-
activation of the relay 110 and prevents the life of the
relay from being shortened.

[0066] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms without departing from the spirit or scope
of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms.

[0067] In the first embodiment, the power supplied to
the glow plugs 13 is variably set by performing duty con-
trol but may be set through other methods. For example,
current or voltage may be directly varied.

[0068] In the first embodiment, when setting the duty
ratio of the voltage applied to the glow plugs 13, the bat-
tery voltage BT is taken into account. However, this pa-
rameter (battery voltage BT) may be eliminated.

[0069] Inthe above embodiments, to activate the glow
plugs 13, the ignition switch IG of the vehicle including
the internal combustion engine is required to be switched
ON. In addition, the glow plugs 13 may be activated at
the same time as when a regeneration process is per-
formed on a filter, which is arranged in an exhaust pas-
sage of the internal combustion engine to capture par-
ticulate matter suspended in the exhaust. The regener-
ation process reduces the particulate matter captured in
the filter. Fig. 12 shows an example of such a process.
In particular, step S 100 of Fig. 2, which determines
whether the ignition switch 1G has been switched on, is
replaced by step S500, which determines whether a re-
generation process of the filter has been started.
[0070] In the above embodiments, the glow plugs 13
are deactivated when the activation time Tr of the glow
plugs 13 exceeds the required time Tx. However, the
deactivation of the glow plugs 13 need not be based on
such a condition. For example, the temperature of the
engine coolant or the temperature of the catalyst con-
verter 40 may be used to determine deactivation of the
glow plugs 13.

[0071] In each of the above embodiments, the present
invention is applied to a diesel engine. However, the
present invention may be applied to any engine that in-
cludes glow plugs.

[0072] The present examples and embodiments are to
be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein,
but may be modified within the scope and equivalence
of the appended claims.

[0073] Claims of parent application:

1. A glow plug controller for variably setting power
supplied to a glow plug in an internal combustion
engine that undergoes automatic stopping and au-
tomatic starting, wherein when the engine is stopped
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due to the automatic stopping, the glow plug control-
ler keeps the glow plug activated while decreasing
the power supplied to the glow plug relative to the
power supplied when the engine is operating.

2. The glow plug controller according to claim 1,
wherein the glow plug controller variably sets a target
temperature for the glow plug in accordance with an
engine operation state, decreases the supplied pow-
er as the target temperature decreases, and de-
creases the target temperature when the engine is
stopped due to the automatic stopping relative to the
target temperature of the engine operation state.

3. The glow plug controller according to claim 2,
wherein when the engine is stopped due to the au-
tomatic stopping, the glow plug controller sets the
power supplied in correspondence with the target
temperature to be lower than the power supplied
when the engine is operating.

4. A glow plug controller for controlling activation and
deactivation of a glow plug with a relay in an internal
combustion engine that undergoes automatic stop-
ping and automatic starting, wherein in a state in
which the engine is stopped due to the automatic
stopping during a period in which activation of the
glow plug is required, the glow plug controller deac-
tivates the glow plug with the relay, restarts activation
of the glow plug when the engine starts operating
due to the automatic starting, and prohibits activation
of the glow plug when the number of times the au-
tomatic stopping is performed exceeds a predeter-
mined value during the period in which the activation
is required.

5. The glow plug controller according to any one of
claims 1 to 4, wherein the glow plug controller starts
activation of the glow plug when an ignition switch,
which is arranged in a vehicle including the internal
combustion engine, is switched on.

6. The glow plug controller according to any one of
claims 1to 4, wherein the internal combustion engine
includes an exhaust passage and a filter arranged
inthe exhaust passage, thefilter captures particulate
matter suspended in exhaust, and the glow plug con-
troller starts activation of the glow plug when a re-
generation process that reduces the particulate mat-
ter in the filter is performed.

Claims

1. Aglow plug controller for variably setting power sup-
plied to a glow plug in an internal combustion engine
that undergoes automatic stopping and automatic
starting, wherein
the internal combustion engine includes an exhaust
passage and a catalyst convertor arranged in the
exhaust passage, the catalyst convertor purifying ex-
haust components,
the glow plug controller continues to supply power
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to the glow plug until when an activation time of the
glow plug after the glow plug controller started to
supply power reaches a required time, the required
time being set as a time required for completion of
warming of the catalyst convertor, and

when the engine is stopped due to the automatic
stopping, the glow plug controller keeps the glow
plug activated while decreasing the power supplied
to the glow plug relative to the power supplied when
the engine is operating.

The glow plug controller according to claim 1, where-
in the glow plug controller variably sets a target tem-
perature for the glow plug in accordance with an en-
gine operation state, decreases the supplied power
as the target temperature decreases, and decreases
the target temperature when the engine is stopped
due to the automatic stopping relative to the target
temperature of the engine operation state.

The glow plug controller according to claim 2, where-
in when the engine is stopped due to the automatic
stopping, the glow plug controller sets the power sup-
plied in correspondence with the target temperature
to be lower than the power supplied when the engine
is operating.

The glow plug controller according to any one of
claims 1 to 3, wherein the glow plug controller starts
activation of the glow plug when an ignition switch,
which is arranged in a vehicle including the internal
combustion engine, is switched on.

The glow plug controller according to any one of
claims 1to 3, wherein the internal combustion engine
includes a filter arranged in the exhaust passage,
the filter captures particulate matter suspended in
exhaust, and the glow plug controller starts activation
of the glow plug when a regeneration process that
reduces the particulate matter in the filter is per-
formed.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 5]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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