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(54)  Starting Control System for Diesel Engine
(57) In a starting control system for a diesel engine,
which performs control of a starting parameter that
changes a starting timing of an engine (1), while ener-
gizing a glow plug (5) during a period from switching of
an engine switch (22) to "Ignition On" to switching to
"Starter On", a required glow waiting time as an ener-
gization time of the glow plug (5) required for the tem-

perature of the glow plug (5) to increase to a level suitable
for starting of the engine (1) is compared with an actual
glow waiting time as an actual energization time of the
glow plug (5) from switching of the engine switch (22) to
"Ignition On" to switching to "Starter On", and the starting
parameter is controlled according to a result of the com-
parison.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a starting control sys-
tem for a diesel engine including a glow plug.

2. Description of Related Art

[0002] Generally, a diesel engine includes a glow plug
that is energized and heated so as to promote ignition
and combustion of fuel, and cranking needs to be started
upon starting of the engine after the glow plug is suffi-
ciently heated. Namely, when the engine is started, en-
ergization of the glow plug is normally started upon
switching of an engine switch to ON (Ignition-On), and a
glow lamp provided in a driver’s cabin or compartment
is turned on so as to inform the driver of a period of time
(glow waiting time) required for the glow plug to be heated
to a given temperature. It has been proposed to start
energization of the glow plug earlier than turn-on of the
glow lamp, so as to shorten the glow waiting time phys-
ically sensed by the driver (see, for example, Japanese
Patent Application Publication No. 61-275586 (JP
61-275586 A)).

[0003] Indiesel engines of the related art, including the
engine as described in JP 61-275586 A, starting control
is performed on the assumption that the driver adequate-
ly waits for completion of heating of the glow plug, name-
ly, thatthe engine switch is switched to "START" (Starter-
On) after the glow lamp goes out, and then cranking is
started. However, some drivers do not wait until the glow
lamp goes out, and switch the engine switch to "Starter-
On" before the glow lamp goes out. In this case, the glow
waiting time is insufficient or short, and fuel injection is
initiated in a condition where the glow plug is not suffi-
ciently heated; as a result, unburned gas, which turns
into white gas, or the like, may be discharged from the
engine, resulting in deterioration of emissions, as well as
deterioration of starting performance of the engine.

SUMMARY OF THE INVENTION

[0004] The present invention provides a starting con-
trol system for a diesel engine, which makes it possible
to achieve appropriate combustion of fuel even when the
glow waiting time is insufficient.

[0005] A starting control system for a diesel engine ac-
cording to one aspect of the invention performs control
of a starting parameter that changes a starting timing of
the engine, while energizing a glow plug during a period
from switching of an engine switch to an ignition-on po-
sition to switching of the engine switch to a starter-on
position. In the starting control system, a required glow
waiting time as an energization time of the glow plug re-
quired for the temperature of the glow plug to increase
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to a temperature level suitable for starting of the engine
is compared with an actual glow waiting time as an actual
energization time for which the glow plug is actually en-
ergized from switching ofthe engine switch to the ignition-
on position to switching of the engine switch to the starter-
on position, and the starting parameter is controlled ac-
cording to a result of the comparison.

[0006] With the starting control system configured as
described above, the actual glow waiting time is meas-
ured and compared with the required glow waiting time,
and the starting parameter is controlled according to the
result of the comparison, so that the engine may be ap-
propriately started in accordance with the driver’s oper-
ating condition. Namely, the starting parameter is con-
trolled so that the diesel engine may be smoothly started
when the glow waiting time is sufficiently long, and so
that appropriate combustion of the fuel takes place even
when the glow waiting time is insufficient or short and the
temperature of the glow plug is low. Accordingly, even
when the glow waiting time is insufficient, appropriate
combustion of the fuel may be accomplished.

[0007] In the starting control system for the diesel en-
gine according to the above aspect of the invention, the
starting parameter may be controlled by switching a start-
ing constant of the starting parameter, between a normal
starting constant and an insufficient glow waiting starting
constant, according to the result of the comparison be-
tween the required glow waiting time and the actual glow
waiting time.

[0008] With the above arrangement, the starting pa-
rameter may be controlled in a simple manner, i.e., by
switching between two kinds of constants.

[0009] In the starting control system for the diesel en-
gine as described above, the starting constant of the
starting parameter may be switched from the insufficient
glow waiting starting constant to the normal starting con-
stant, when a difference obtained by subtracting the ac-
tual glow waiting time from the required glow waiting time
is smaller than a predetermined value.

[0010] With the starting control system configured
such that the insufficient glow waiting starting constant
is set as the default of the starting parameter, the starting
constant is prevented from being switched or changed
when the starter is actuated while the engine is being
started. In this case, the predetermined value may be set
to "0" or a value close to "0".

[0011] In the starting control system for the diesel en-
gine as described above, the predetermined value may
be 500 milliseconds.

[0012] When the predetermined value is equal to 500
milliseconds (a value close to "0"), it is presumed that the
glow waiting time is sufficiently long, and the engine is
started with the starting parameter switched to the normal
starting constant. Accordingly, starting control may be
more appropriately performed, assuring improved start-
ing performance.

[0013] In the starting control system for the diesel en-
gine according to the above aspect of the invention, the
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starting parameter may be controlled by correcting the
starting parameter according to a time difference be-
tween the actual glow waiting time and the required glow
waiting time when the actual glow waiting time is shorter
than the required glow waiting time.

[0014] With the above arrangement, the starting pa-
rameter may be appropriately adjusted in accordance
with the degree of shortness of the glow waiting time.
[0015] In the starting control system for the diesel en-
gine as described above, the starting parameter may be
corrected so as to slow down starting of the engine as
the time difference is larger.

[0016] With the above arrangement, the starting pa-
rameter may be controlled so that more appropriate com-
bustion of the fuel takes place in the engine.

[0017] In the starting control system for the diesel en-
gine according to the above aspect of the invention, the
starting parameter subjected to the control may be at
least one of the main injection timing during starting of
the engine, a common rail pressure during starting of the
engine, a pilotinjection amount of a fuel, the pilotinjection
timing of the fuel, and a target glow temperature.
[0018] In the starting control system for the diesel en-
gine as described above, the starting parameter may be
the main injection timing during starting of the engine,
and a correction value for the starting parameter may be
set so that the greater a time difference between the ac-
tual glow waiting time and the required glow waiting time
when the actual glow waiting time is shorter than the re-
quired glow waiting time is, the more the main injection
timing during starting of the engine is advanced.

[0019] In the starting control system for the diesel en-
gine as described above, the starting parameter may be
the common rail pressure during starting of the engine,
and a correction value for the starting parameter may be
set so that the greater a time difference between the ac-
tual glow waiting time and the required glow waiting time
when the actual glow waiting time is shorter than the re-
quired glow waiting time is, the more the common rail
pressure during starting of the engine is reduced..
[0020] In the starting control system for the diesel en-
gine as described above, the starting parameter may be
the pilot injection amount of the fuel, and a correction
value for the starting parameter may be set so that the
greater a time difference between the actual glow waiting
time and the required glow waiting time when the actual
glow waiting time is shorter than the required glow waiting
time is, the more the pilot injection amount of the fuel is
increased.

[0021] In the starting control system for the diesel en-
gine as described above, the starting parameter may be
the pilotinjection timing of the fuel, and a correction value
for the starting parameter may be set so that the greater
a time difference between the actual glow waiting time
and the required glow waiting time when the actual glow
waiting time is shorter than the required glow waiting time
is, the more the pilot injection timing is advanced.
[0022] In the starting control system for the diesel en-

10

15

20

25

30

35

40

45

50

55

gine as described above, the starting parameter may be
the target glow temperature, and a correction value for
the starting parameter may be set so that the greater a
time difference between the actual glow waiting time and
the required glow waiting time when the actual glow wait-
ing time is shorter than the required glow waiting time is,
the more the target glow temperature is higher..

[0023] With the above arrangement, when the glow
waiting time is insufficient, the starting control may be
performed by adequately changing starting timing of the
engine so that appropriate combustion takes place in the
engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features, advantages, andtechnical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a block diagram schematically showing the
construction of a diesel engine to be controlled by a
starting control system for a diesel engine according
to a first embodiment of the invention, along with the
control system;

FIG. 2 is a flowchart illustrating a control routine of
starting control executed by the starting control sys-
tem of the first embodiment;

FIG. 3is a view showing an example of main injection
timing correction map used by the starting control
system of the first embodiment;

FIG. 4 is a block diagram schematically showing the
construction of a diesel engine to be controlled by a
starting control system for a diesel engine according
to a second embodiment of the invention, along with
the control system;

FIG. 5 is a flowchart illustrating a control routine of
starting control executed by the starting control sys-
tem of the second embodiment; and

FIG. 6A through FIG. 6] show a timing chart illustrat-
ing one example of starting control performed by the
starting control system of the second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] A starting control system for a diesel engine ac-
cording to a first embodiment of the invention will be de-
scribed with reference to FIG. 1 through FIG. 3. Referring
first to FIG. 1, the diesel engine as an object controlled
by the starting control system according to this embodi-
ment, and its surrounding equipment, will be described.
[0026] As shown in FIG. 1, the diesel engine 1 has a
combustion chamber 4 connected to an intake passage
2 and an exhaust passage 3, and a glow plug 5 and an
injector 6 are mounted in the diesel engine 1 so as to be
exposed to the combustion chamber 4.

[0027] An electronic control unit 10 that performs var-
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ious kinds of control on the diesel engine 1 is installed
on the vehicle. To the electronic control unit 10 are con-
nected a water temperature sensor 20 that senses the
engine coolant temperature, a crank angle sensor 21 that
senses the speed of rotation (or rotational angle) of the
crankshaft, and an engine switch 22 that is operated by
the vehicle driver to one of two or more positions and
generates a signal corresponding to the currently select-
ed position. With this arrangement, the electronic control
unit 10 receives information, such as the water temper-
ature of the coolant, the engine speed, and the currently
selected position of the engine switch. The electronic
control unit 10 includes a memory 11 in which a main
injection timing correction map used for engine starting
control is stored. The memory 11 may be a rewritable
ROM (read-only memory) that permits data to be rewrit-
ten, or may be a RAM (random access memory) into
which necessary data is transferred from a ROM (not
shown), or the like, and written each time the electronic
control unit 10 is turned on.

[0028] Then, onthe basis of the above-indicated items
of information, the electronic control unit 10 controls en-
ergization of the glow plug 5 via an energization unit 30,
and also performs control (adaptive control) of a starting
parameter or parameters that can change engine start-
up characteristics. In this embodiment, in particular, the
electronic control unit 10 adaptively controls the main
injection timing of fuel during starting of the engine. More
specifically, current is applied to the glow plug 5 during
aperiod from switching of the engine switch 22 to "Ignition
On" to switching of the engine switch 22 to "Starter On",
and the adaptive control of the starting parameter is per-
formed according to the energization time.

[0029] The starting control of the diesel engine accord-
ing to this embodiment will be described in detail with
reference to FIG. 2. The electronic control unit 10 repeat-
edly executes a routine shown in FIG. 2, at given com-
putation intervals.

[0030] In the control routine of FIG. 2, it is initially de-
termined in step S11 whether the engine switch 22 is in
the "Ignition On" position. If it is determined that the en-
gine switch 22 is not in the "Ignition On" position, for ex-
ample, if the engine switch 22 is switched to a position
for accessories, the following steps will not be executed.
[0031] If it is determined in step S11 that the engine
switch 22 is in the "Ignition On" position, the control pro-
ceeds to step S12 to determine whether the engine has
been started. If it is determined that the engine has been
started, namely, if the engine has already been started
and is currently in operation, the following steps will not
be executed.

[0032] If it is determined in step S12 that the engine
has not been started, the control proceeds to step S13
to determine whether the engine switch 22 has been
switched to the "Starter On" position. If the engine switch
22 has not been switched to the "Starter On" position,
the control proceeds to step S14 to measure time T1.
Thereafter, step S13 and step S14 are repeatedly exe-
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cuted to keep measuring time T1 until it is determined in
step S13 that the engine switch 22 has been switched to
the "Starter On" position. Then, if it is determined in step
S13 that the engine switch 22 has been switched to the
"Starter On" position, the control proceeds to step S15
to stop measuring time T1, and store its value (a value
of time T1) in the memory 11 of the electronic control unit
10.

[0033] Meanwhile, the glow plug 5 is energized during
aperiod from switching of the engine switch 22 to "Ignition
On" to switching of the engine switch 22 to "Starter On".
Namely, the above-indicated time T1 represents an ac-
tual glow waiting time as a period of time for which the
glow plug 5 is actually energized during starting of the
diesel engine 1, until the starter is actuated and cranking
is started.

[0034] Subsequently, in step S16, the above-indicated
actual glow waiting time T1 is compared with a required
glow waiting time TO as an energization time required for
the temperature of the glow plug 5 to increase to a tem-
perature suitable for start-up of the engine. Namely, an
insufficient glow waiting time T’ is obtained by subtracting
the actual glow waiting time T1 from the required glow
waiting time TO. The required glow waiting time TO is set
according to the coolant temperature, and has a tenden-
cy of becoming longer as the coolant temperature is low-
er. The required glow waiting time TO is stored inadvance
in the memory 11 of the electronic control unit 10.
[0035] Then, in step S17, a correction value for the
main injection timing of the fuel during starting is deter-
mined according to the insufficient glow waiting time T’
obtained in the above step S16. The correction value is
stored in the memory 11 of the electronic control unit 10,
as a value in a main injection timing correction map as
shown in FIG. 3. In the main injection timing correction
map, the correction value is "0" when the insufficient glow
waiting time T’ is "0" or less, namely, when the glow plug
has been energized for a sufficient period of time. Where
the insufficient glow waiting insufficient time T’ is larger
than "0", on the other hand, the correction value is set
so that the main injection timing has a tendency of being
advanced by a larger degree as the value of T’ increases,
namely, as the glow waiting time is more insufficient or
shorter.

[0036] Then, in step S18, the correction value deter-
mined in the above step S17 is added to a specified value
of the main injection timing during starting. The specified
value of the main injection timing is determined according
to the water temperature of the coolant and the engine
speed during starting, which are obtained from the
above-mentioned water temperature sensor 20 and
crank angle sensor 21, respectively. More specifically,
the specified value of the main injection timing is set to
be more advanced as the coolant temperature is lower,
or as the engine speed is higher.

[0037] Thus, the main injection timing during starting
is corrected in step S18, and the engine is started in step
S19, according to the corrected main injection timing. In
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the following, the operation of the starting control system
forthe diesel engine according to this embodiment, which
performs the above-described starting control, will be de-
scribed.

[0038] Since the main injection timing of the fuel during
starting is corrected according to the insufficient glow
waiting time T’, as described above, the engine is appro-
priately started in accordance with driver’s operating con-
ditions. Namely, the engine can be smoothly started
when the glow waiting time is sufficiently long (i.e., when
the driver waited until the glow plug is sufficiently heated);
furthermore, even when the glow waiting time is short
and the temperature of the glow plug 5 is low, the main
injection timing during starting is suitably adjusted so that
the fuel is appropriately burned. In the latter case, the
correction value is set so that the main injection timing
is advanced by a larger degree as the insufficient glow
waiting time T’ is longer; therefore, as the glow waiting
time is more insufficient or shorter, the fuel is premixed
with air for a prolonged time, and the fuel is more likely
to be burned. Accordingly, even when the glow waiting
time is insufficient, the likelihood of deterioration of the
engine starting performance and emissions can be re-
duced.

[0039] In the control routine of FIG. 2, the actual glow
waiting time T1 is measured under a condition that the
engine has not been started. This makes it possible to
prevent the actual glow waiting time T1 from being meas-
ured when the engine switch is in the "Ignition On" posi-
tion during normal operation of the engine after it is start-
ed.

[0040] While the starting parameter as an object to be
corrected is the main injection timing of the fuel during
starting in this embodiment, any of other starting param-
eters, such as the common rail pressure during starting,
the pilot injection amount of the fuel, the pilot injection
timing of the fuel, and the target glow temperature, or a
combination thereof, may be corrected.

[0041] In the case where the starting parameter is the
common rail pressure during starting, the common rail
pressure may be preferably reduced as the insufficient
glow waiting time is longer. This makes it possible to re-
duce the amount of fuel deposited on walls within the
combustion chamber, so that the fuel can be readily ig-
nited.

[0042] In the case where the starting parameter is the
pilotinjection amount ofthe fuel, the pilotinjection amount
may be preferably increased as the insufficient glow wait-
ing time is longer, so as to increase the amount of fuel
premixed with air, and make it easier to burn the fuel.
[0043] In the case where the starting parameter is the
pilot injection timing of the fuel, the pilot injection timing
as a whole may be preferably advanced by a larger de-
gree as the insufficient glow waiting time is longer. Where
two or more pilot injections are conducted, the interval
of the pilot injections may be preferably reduced as the
insufficient glow waiting time is longer. This also pro-
motes premixing of the fuel with air, so that the fuel is

10

15

20

25

30

35

40

45

50

55

more likely to be burned.

[0044] In the case where the starting parameter is the
target glow temperature, the target glow temperature
may be preferably increased as the insufficient glow wait-
ing time is longer. This makes it possible to increase the
amount of current applied to the glow plug, and rapidly
raise the temperature of the glow plug.

[0045] Thus, the above-indicated starting parameters
are corrected so as to slow down or retard start-up of the
engine as the insufficient glow waiting time is longer. As
explained above, the starting control system for the diesel
engine according to this embodiment provides the fol-
lowing effects.

(First Effect)

[0046] The required glow waiting time TO as the glow-
plug energization time required for the temperature of
the glow plug to increase to a temperature level suitable
for starting of the engine, and the actual glow waiting time
T1 as the actual glow-plug energization time measured
until cranking is started are compared with each other,
and the starting parameter is adaptively controlled ac-
cording to the result of the comparison. With this arrange-
ment, the engine can be smoothly started when the glow
waiting time is sufficiently long (i.e., the driver waited until
the glow plug is sufficiently heated), and, even when the
glow waiting time is insufficient or short, and the temper-
ature of the glow plug 3 is low, the starting parameter is
suitably adjusted so as to achieve appropriate combus-
tion of the fuel. Accordingly, even if the glow waiting time
is insufficient or short, appropriate combustion can be
accomplished.

(Second Effect)

[0047] The starting parameter is corrected according
to a time difference between the actual glow waiting time
T1 and the required glow waiting time TO when T1 is
shorter than TO. Thus, the starting parameter can be ap-
propriately adjusted in accordance with the degree of in-
sufficiency of the glow waiting time.

[0048] Next, a starting control system for a diesel en-
gine according to a second embodiment of the invention,
mainly, its differences from the first embodiment, will be
described with reference to FIG. 4 through FIG. 61. The
basic construction of the starting control system of the
second embodiment is substantially identical with that of
the first embodiment. In FIG. 4, the same reference nu-
merals as used in FIG. 1 are assigned to substantially
the same elements as those of the first embodiment, and
repeated explanation thereof will not be provided.
[0049] In this embodiment, too, the electronic control
unit 10 controls energization of the glow plug 5, and also
performs adaptive control of a starting parameter or pa-
rameters that can change starting timing (starting char-
acteristics) of the engine, as shown in FIG. 4. In this em-
bodiment, however, a normal starting constant and an
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insufficient glow waiting starting constant are stored as
constant values of each starting parameter, in a memory
12 of the electronic control unit 10. More specifically, pa-
rameters, such as the main injection timing of the fuel
during starting, the common rail pressure during starting,
the pilot injection amount of the fuel, the pilot injection
timing of the fuel, and the target glow temperature, are
stored as the above-indicated two kinds of constants.
Then, the adaptive control of the starting parameter is
performed by switching between the normal starting con-
stant and the insufficient glow waiting starting constant.
The memory 12 may also be a rewritable ROM (read-
only memory) that permits data to be rewritten, or may
be a RAM (random access memory) into which neces-
sary data is transferred from a ROM (not shown), or the
like, and written each time the electronic control unit 10
is turned on.

[0050] Next, the starting control of the diesel engine
according to the second embodiment will be described
in detail with reference to FIG. 5. The electronic control
unit 10 repeatedly executes a routine as shown in FIG.
5, at given computation intervals.

[0051] In the control routine of FIG. 5, too, it is initially
determined in step S21 whether the engine switch 22 is
in the "Ignition On" position, and then determined in step
S22 whether the engine has been started, and it is de-
termined in step S23 whether the engine switch 22 has
been switched to the "Starter On" position, as in the first
embodiment. If it is determined that the engine switch 22
is in the "Ignition On" position, the engine has not been
started, and that the engine switch 22 has not been
switched to the "Starter On" position, the control pro-
ceeds to step S24, to measure the actual glow waiting
time T1.

[0052] Subsequently, step S23 and step S24 are re-
peatedly executed and the actual glow waiting time T1
keeps being measured until it is determined in step S23
that the engine switch 22 has been switched to the "Start-
er On" position. Then, if it is determined in step S23 that
the engine switch 22 has been switched to the "Starter
On" position, the control proceeds to step S25 to stop
measuring the actual glow waiting time T1. Then, in step
S26, the insufficient glow waiting time T’ is obtained by
subtracting the actual glow waiting time T1 from the re-
quired glow waiting time TO.

[0053] Inthis embodiment, itis determined in step S27
whether the insufficient glow waiting time T’ is shorter
than a criteria value o. The criteria value o is set to a
value close to "0", for example, is set to "500 ms (milli-
seconds)". If it is determined in step S27 that the insuf-
ficient glow waiting time T’ is smaller than the criteria
value a, it is determined in step S28 that the glow waiting
time is sufficient, and a glow waiting time sufficiency flag
is set to ON (FLAG ON). If the glow waiting time suffi-
ciency flag is ON, the constant value of the starting pa-
rameter is switched to the above-mentioned normal start-
ing constant, and the engine is started according to the
normal starting constant.
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[0054] If, on the other hand, it is determined in step
S27 that the insufficient glow waiting time T’ is equal to
or longer than the criteria value «, the control proceeds
to step S29 to set the glow waiting time sufficiency flag
to OFF (FLAG OFF). If the glow waiting time sufficiency
flag is OFF, the engine is started with the starting param-
eter set to the above-mentioned insufficient glow waiting
starting constant. In this embodiment, the insufficient
glow waiting starting constant is initially set (as a default)
as the constant value of the starting parameter, and the
constant value of the starting parameter is switched or
changed to the normal starting constant when the glow
waiting time sufficiency flag is ON.

[0055] Referring nextto FIG. 6Athrough FIG. 61, a spe-
cific example of the starting control of the diesel engine
according to the above-described second embodiment
will be described in detail. In this example, the engine
switch 22 is placed in the "Ignition On" position at time
t1, as shown in FIG. 6B. Then, the glow-lamp lighting
time (the required glow waiting time TO) is set, and the
glow lamp lights up, as shown in FIG. 6E and FIG. 6F,
while current starts being applied to the glow plug 5. With
the energization of the glow plug 5 thus started, meas-
urement of the actual glow waiting time T1 is started, as
shown in FIG. 6G. The actual glow waiting time T1 keeps
being measured until the engine switch 22 is switched to
the "Starter On" position, and the insufficient glow waiting
time T’ is reduced as the actual glow waiting time T1
increases, as shown in FIG. 6H. Then, at time t3 at which
the insufficient glow waiting time T’ becomes shorter than
"500 ms", the glow waiting time sufficiency flag is set to
ON, as shown in FIG. 6l.

[0056] Ifthe engine switch 22 is switched to the "Starter
On" position at time t4 at which the glow lamp turns off,
as indicated by the solid line in FIG. 6C, the constant
value of the starting parameter is switched to the normal
starting constant since the glow waiting time sufficiency
flag is ON, and the engine is started according to the
normal starting constant. Subsequently, the engine
speed increases, as shown in FIG. 6A, and, when it is
determined at time t5 at which the engine speed becomes
higher than a speed at which the engine can be regarded
as starting self-revolution that the engine has been start-
ed, as shown in FIG. 6D, the starter is turned off at time
t6, as shown in FIG. 6C.

[0057] If, on the other hand, the engine switch 22 is
switched to the "Starter On" position at time t2 while the
glow lamp is lighting (ON), as indicated by the one-dot
chain line in FIG. 6C, the constant value of the starting
parameter is not changed since the glow waiting time
sufficiency flag is OFF, and the engine is started accord-
ing to the insufficient glow waiting starting constant as
the default of the starting parameter.

[0058] The operation of the starting control system for
the diesel engine according to the second embodiment,
in which the starting control as described above is per-
formed, will be described. Since the constant value of
the starting parameter during starting is switched or
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changed depending on the insufficient glow waiting time
T’, as described above, the engine is appropriately start-
ed in accordance with the driver’s operating conditions.
Namely, the engine can be smoothly started when the
glow waiting time is sufficiently long (i.e., the driver waited
until the glow plug is sufficiently heated); furthermore,
even when the glow waiting time is insufficient, and the
temperature of the glow plug 5 is low, the engine is started
with the insufficient glow waiting starting constant, so that
the fuel is appropriately burned.

[0059] Also, the determination as to whether the con-
stant value of the starting parameter should be switched
is made using the criteria value a; therefore, when the
insufficient glow waiting time T’ is a considerably small
value, it is presumed that the glow waiting time is suffi-
cient (i.e., the glow plug 5 is sufficiently heated), and the
starting parameter is switched to the normal starting con-
stant, according to which the engine is started. Accord-
ingly, appropriate starting control can be performed, as-
suring improved start-up performance.

[0060] The insufficient glow waiting constant is the de-
fault of the constant value of the starting parameter, and
the constant value of the starting parameter is switched
to the normal starting constant when the glow waiting
time sufficiency flag is ON. Thus, the constant is prevent-
ed from being switched while the engine is being started
after the starter is actuated.

[0061] As explained above, the starting control system
for the diesel engine according to this embodiment pro-
vides the following effects, in addition to the first effect
of the first embodiment as described above.

(Third Effect)

[0062] The starting parameter is suitably adjusted by
switching the constant value of the starting parameter
between the normal starting constant and the insufficient
glow waiting starting constant, according to the result of
comparison between the required glow waiting time TO
and the actual glow waiting time T1. Thus, the adjustment
or adaptation of the starting parameter can be accom-
plished with a simple arrangement like switching between
two kinds of constants. Depending on the type of the
starting parameter, switching of the starting parameter
between two kinds of constants as in the second embod-
iment may be more suitable or favorable than correcting
the starting parameter according to the insufficient glow
waiting time T’ as in the first embodiment.

(Fourth Effect)

[0063] When the difference between the required glow
waiting time TO and the actual glow waiting time T1 is
smaller than the criteria value a, the starting constant of
the starting parameter is switched from the insufficient
glow waiting starting constant to the normal starting con-
stant. Thus, by setting the insufficient glow waiting start-
ing constant as the default of the starting parameter, the
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starting constant is prevented from being switched or
changed while the engine is being started after the starter
is actuated.

[0064] The above-described embodiments may be
modified as follows.

[0065] While the criteria value o is set to a value (e.g.,
500 ms) close to "0" in the second embodiment, the cri-
teria value oo may be set to "0". In each of the illustrated
embodiments, the adaptive control is performed on a
starting parameter or parameters selected from the main
injection timing during starting, the common rail pressure
during starting, the pilot injection amount, the pilot injec-
tion timing, and the target glow temperature. However,
the starting parameter(s) subjected to the adaptive con-
trol is/are not limited to these parameters. For example,
the fuel injection amount during starting, and a pattern
of increase of the fuel amount, or any other parameter
that can change starting timing of the engine, may be
similarly used as a parameter subjected to the adaptive
control.

Claims

1. A starting control system for a diesel engine, which
performs control of a starting parameter that chang-
es a starting timing of an engine (1), while energizing
a glow plug (5) during a period from switching of an
engine switch (22) to an ignition-on position to
switching of the engine switch to a starter-on posi-
tion, characterized in that
arequired glow waiting time as an energization time
of the glow plug (5) required for the temperature of
the glow plug (5) to increase to a temperature level
suitable for starting of the engine (1) is compared
with an actual glow waiting time as an actual ener-
gization time for which the glow plug (5) is actually
energized from switching of the engine switch (22)
to the ignition-on position to switching of the engine
switch (22) to the starter-on position, and
the starting parameter is controlled according to a
result of the comparison.

2. The starting control system for the diesel engine ac-
cording to claim 1, wherein the starting parameter is
controlled by switching a starting constant of the
starting parameter, between a normal starting con-
stant and an insufficient glow waiting starting con-
stant, according to the result of the comparison be-
tween the required glow waiting time and the actual
glow waiting time.

3. The starting control system for the diesel engine ac-
cording to claim 2, wherein the starting constant of
the starting parameter is switched from the insuffi-
cient glow waiting starting constant to the normal
starting constant, when a difference obtained by sub-
tracting the actual glow waiting time from the re-
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quired glow waiting time is smaller than a predeter-
mined value.

The starting control system for the diesel engine ac-
cording to claim 3, wherein the predetermined value
is 500 milliseconds.

The starting control system for the diesel engine ac-
cording to claim 1, wherein the starting parameter is
controlled by correcting the starting parameter ac-
cording to a time difference between the actual glow
waiting time and the required glow waiting time when
the actual glow waiting time is shorter than the re-
quired glow waiting time.

The starting control system for the diesel engine ac-
cording to claim 5, wherein the starting parameter is
corrected so as to slow down starting of the engine
(1) as the time difference is larger.

The starting control system for the diesel engine ac-
cording to any one of claims 1 to 6, wherein the start-
ing parameter subjected to the control includes at
least one of main injection timing during starting of
the engine (1), a common rail pressure during start-
ing of the engine (1), a pilot injection amount of a
fuel, pilot injection timing of the fuel, and a target
glow temperature.

The starting control system for the diesel engine ac-
cording to claim 7, wherein the starting parameter is
the main injection timing during starting of the engine
(1), and a correction value for the starting parameter
is set so that the greater a time difference between
the actual glow waiting time and the required glow
waiting time when the actual glow waiting time is
shorter than the required glow waiting time is, the
more the main injection timing during starting of the
engine (1) is advanced.

The starting control system for the diesel engine ac-
cording to claim 7, wherein the starting parameter is
the common rail pressure during starting of the en-
gine (1), and a correction value for the starting pa-
rameter is set so that the greater a time difference
between the actual glow waiting time and the re-
quired glow waiting time when the actual glow wait-
ing time is shorter than the required glow waiting time
is, the more the common rail pressure during starting
of the engine (1) is reduced.

The starting control system for the diesel engine ac-
cording to claim 7, wherein the starting parameter is
the pilotinjection amount of the fuel, and a correction
value for the starting parameter is set so that the
greater a time difference between the actual glow
waiting time and the required glow waiting time when
the actual glow waiting time is shorter than the re-
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12.

quired glow waiting time is, the more the pilot injec-
tion amount of the fuel is increased.

The starting control system for the diesel engine ac-
cording to claim 7, wherein the starting parameter is
the pilot injection timing of the fuel, and a correction
value for the starting parameter is set so that the
greater a time difference between the actual glow
waiting time and the required glow waiting time when
the actual glow waiting time is shorter than the re-
quired glow waiting time is, the more the pilot injec-
tion timing is advanced.

The starting control system for the diesel engine ac-
cording to claim 7, wherein the starting parameter is
the target glow temperature, and a correction value
for the starting parameter is set so that the greater
a time difference between the actual glow waiting
time and the required glow waiting time when the
actual glow waiting time is shorter than the required
glow waiting time is, the more the target glow tem-
perature is higher.
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