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(54)  Fuel injection control device

(57) A fuel injection control device (27) injects fuel
for learning into a combustion chamber (4) of an engine
(1) fromanozzle (7) of afuel injection valve (5), to perform
learning of injection quantity of the fuel injection valve
(5). The fuel injection control device (27) is provided with
an exposed heat temperature detection means (28, 31)
for detecting an exposed heat temperature of the nozzle
(7), an exposed heat amount acquisition means (31) for

acquiring an exposed heat amount of the nozzle (7),
based on the exposed heat temperature of the nozzle (7)
detected by the exposed heat temperature detection
means (28, 31) and an operating time of the engine (1),
and a learning interval change means (31) for changing
an interval of execution of the injection quantity learning,
according to the exposed heat amount of the nozzle (7)
acquired by the exposed heat amount acquisition means
(31).
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Description
Technical Field

[0001] The present invention relates to a fuel injection
control device to implement learning of quantity of fuel
(injection quantity) to be injected from a fuel injection
valve.

Background Art

[0002] Itis known that pilot injection is carried outin a
diesel engine, in order to reduce combustion noise and
control NOx. In the pilot injection, an extremely small
quantity of fuel is injected prior to main injection. Improve-
ment in fuel injection accuracy in small quantity is re-
quired for the pilot injection with the small injection quan-
tity, in order to fully exhibit the effects of reduction of
combustion noise and control of NOx. Then the control
as described below is proposed. Fuel injection for learn-
ing is carried out under an operating condition that an
engine state is no load to cut fuel in general. A quantity
of fuel actually injected from fuel injection valves (real
injection quantity) is estimated based on an engine speed
change ofthe engine caused by the learning fuel injection
and correction is made for a difference between the real
injection quantity and a command injection quantity to
the fuel injection valves. The difference between the real
injection quantity and the command injection quantity is
made by instrumental difference and temporal change
of injection-related components including the fuel injec-
tion valves.

[0003] For example, the technology described in Pat-
ent Literature 1 is known as a conventional technology
to perform the learning of injection quantity of the fuel
injection valves as described above. The technology de-
scribedin PatentLiterature 1 is as described below. Once
the learning condition is met, single-shot injection for
learning is executed by the fuel injection valves. The real
injection quantity is calculated based on a change of the
engine speed upon execution of the single-shot injection
for learning, and an average and a standard deviation of
real injection quantities are calculated. If the standard
deviation of real injection quantities is within a target ac-
curacy range and if the number of single-shots for learn-
ing is not less than a minimum injection number, a cor-
rection amount for the command injection quantity is cal-
culated based on a deviation between the average of real
injection quantities and a target injection quantity.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2010-261334
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Summary of Invention
Technical Problem

[0005] Injection quantity change characteristics of the
fuelinjection valves differ depending upon operating con-
ditions of a vehicle. For this reason, a difference can be
made between the real injection quantity and the learning
value (command injection quantity after learning) if the
learning timing does not suit an injection quantity change
situation of the fuel injection valves. Specifically, the dif-
ference between the real injection quantity and the learn-
ing value tends to increase if the interval of learning is
too long with a significant change in the injection quantity
of the fuel injection valves. The difference between the
real injection quantity and the learning value leads to in-
crease of exhaust particulate matter and degradation of
combustion sound. However, the foregoing conventional
technology does not take the learning timing into consid-
eration at all.

[0006] An object of the present invention is to provide
a fuel injection control device capable of promptly de-
creasing the difference between the real injection quan-
tity and the learning value of the fuel injection valve.

Solution to Problem

[0007] The present invention provides a fuel injection
control device which injects fuel for learning into a com-
bustion chamber of an engine from a nozzle of a fuel
injection valve, to perform injection quantity learning of
the fuel injection valve, the fuel injection control device
comprising: exposed heat temperature detection means
for detecting an exposed heat temperature of the nozzle;
exposed heat amount acquisition means for acquiring an
exposed heat amount of the nozzle, based on the ex-
posed heat temperature of the nozzle detected by the
exposed heat temperature detection means and an op-
erating time of the engine; and learning interval change
means for changing an interval of execution of the injec-
tion quantity learning, according to the exposed heat
amount of the nozzle acquired by the exposed heat
amount acquisition means.

[0008] Inthe presentinvention, the exposed heat tem-
perature of the nozzle of the fuel injection valve is detect-
ed, the exposed heat amount of the nozzle is acquired
based on the exposed heat temperature of the nozzle
and the operating time of the engine, and the interval of
execution of the injection quantity learning (which will al-
so be referred to hereinafter as "learning interval") is
changed according to the exposed heat amount of the
nozzle. Since the learning is executed at appropriate tim-
ing according to an injection quantity change character-
istic of the fuel injection valve, the difference between
the real injection quantity and the learning value (com-
mand injection quantity after learning) of the fuel injection
valve can be reduced in an early stage.

[0009] The below will describe an example of a break-
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in period of the fuel injection valve. In the break-in period
of the fuel injection valve, the real injection quantity of
the fuel injection valve changes in a non-linear pattern.
Namely, a change rate of real injection quantity is large
in an initial region of the break-in period and a change
rate of real injection quantity is small in a terminal region
of the break-in period. In the initial region of the break-in
period, the exposed heat amount of the nozzle is small.
Therefore, if the learning interval is set short with the
exposed heat amount of the nozzle being small, the fre-
quency of execution of learning will increase in the initial
region of the break-in period where the change rate of
real injection quantity is large. The exposed heat amount
of the nozzle is large in the terminal region of the break-
in period. Therefore, if the learning interval is set long
with the exposed heat amount of the nozzle being large,
the frequency of execution of learning will decrease in
the terminal region of the break-in period where the
change rate of real injection quantity is small.

[0010] The exposed heat temperature detection
means may have: means for detecting an engine speed
of the engine; and means for acquiring the exposed heat
temperature of the nozzle, based on the engine speed
of the engine and an injection quantity of the fuel injection
valve. In this case, since the exposed heat temperature
of the nozzle is acquired based on the detected engine
speed of the engine and the injection quantity of the fuel
injection valve, the exposed heat temperature of the noz-
zle of the fuel injection valve can be readily detected.
[0011] The fuel injection control device may further
comprise determination means for determining whether
the fuel injection valve is in a break-in period, and, when
the determination means determines that the fuel injec-
tion valve is in the break-in period, the learning interval
change means may change the interval of execution of
the injection quantity learning, according to the exposed
heat amount of the nozzle. Since the change of the real
injection quantity of the fuel injection valve proceeds in
a short period under an operating condition that the ex-
posed heat temperature of the nozzle becomes high, in
the break-in period of the fuel injection valve, a difference
is readily made between the real injection quantity and
the learning value of the fuel injection valve. Therefore,
since the learning interval is changed according to the
exposed heat amount of the nozzle in the break-in period
of the fuel injection valve, the difference between the real
injection quantity and the learning value of the fuel injec-
tion valve can be securely and promptly reduced.
[0012] The fuel injection control device may further
comprise learning-time injection number change means
for changing an injection number of the fuel for learning,
according to the exposed heat amount of the nozzle ac-
quired by the exposed heat amount acquisition means.
In this case, since the learning is executed in a short
period according to the injection quantity change char-
acteristic of the fuel injection valve, the difference be-
tween the real injection quantity and the learning value
of the fuel injection valve can be more promptly reduced.
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[0013] The below will again describe an example of
the aforementioned break-in period of the fuel injection
valve. The exposed heat amount of the nozzle is small,
as described above, in the initial region of the break-in
period. Therefore, if the injection number of the fuel for
learning (which will also be referred to as "learning-time
injection number") is set small with the exposed heat
amount of the nozzle being small, the learning will be
completed sooner in the initial region of the break-in pe-
riod where the change rate of real injection quantity is
large. The exposed heat amount of the nozzle is large,
as described above, in the terminal region of the break-
in period. Therefore, if the learning-time injection number
is set large with the exposed heat amount of the nozzle
being large, the accuracy of learning improves in the ter-
minal region of the break-in period where the change rate
of real injection quantity is small.

[0014] The fuel injection control device may further
comprise determination means for determining whether
the fuel injection valve is in the break-in period; when the
determination means determines that the fuel injection
valve is in the break-in period, the learning interval
change means may change the interval of execution of
the injection quantity learning, according to the exposed
heat amount of the nozzle; when the determination
means determines that the fuel injection valve is in the
break-in period, the learning-time injection number
change means may change the injection number of the
fuel for learning, according to the exposed heat amount
of the nozzle. Since the change of the real injection quan-
tity of the fuel injection valve proceeds in a short period
under the operating condition that the exposed heat tem-
perature of the nozzle becomes high, in the aforemen-
tioned break-in period of the fuel injection valve, the dif-
ference between the real injection quantity and the learn-
ing value of the fuel injection valve is readily made. There-
fore, since the learning interval and learning-time injec-
tion number are changed according to the exposed heat
amount of the nozzle in the break-in period of the fuel
injection valve, the difference between the real injection
quantity and the learning value of the fuel injection valve
can be more securely and promptly reduced.

Advantageous Effect of Invention

[0015] The present invention can provide the fuel in-
jection control device capable of promptly reducing the
difference between the real injection quantity and the
learning value of the fuel injection valve.

Brief Description of Drawings

[0016] Fig. 1 is a schematic configuration diagram
showing a diesel engine with a fuel injection control de-
vice according to an embodiment of the present inven-

tion.

Fig. 2 is a cross-sectional view of a nozzle of an
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injector shown in Fig. 1.

Fig. 3 is a block diagram showing a configuration of
the fuel injection control device according to an em-
bodiment of the present invention.

Fig. 4 is a flowchart showing a processing procedure
in which a learning execution condition setting unit
shown in Fig. 3 sets a learning execution condition.
Fig. 5 is a graph showing a comparison between
valve opening timings of nozzles before and after
lapping of nozzles.

Fig. 6 is a graph showing a comparison between
change characteristics of real injection quantity of
injectors in different operating conditions.

Fig. 7 is a graph showing a relationship among ex-
posed heat temperature of nozzles, real injection
quantity of injectors, and operating time.

Fig. 8 is a flowchart showing a processing procedure
for setting a learning interval for initial break-in.
Fig. 9 is a drawing showing an example of change
of the learning interval.

Fig. 10is aflowchart showing a modification example
of the processing procedure in which the learning
execution condition setting unit sets the learning ex-
ecution condition.

Fig. 11 is a flowchart showing a processing proce-
dure for setting a learning interval and a learning-
time injection number for initial break-in.

Fig. 12 is a drawing showing an example of change
of the learning interval and learning-time injection
number.

Description of Embodiments

[0017] The preferred embodiments of the present in-
vention will be described below in detail with reference
to the accompanying drawings. In the drawings, identical
or equivalent elements will be denoted by the same ref-
erence signs, without redundant description.

[0018] Fig. 1 is a schematic configuration diagram
showing a diesel engine provided with a fuel injection
control device according to the present embodiment. In
Fig. 1, the diesel engine 1 is a four-cylinder in-line diesel
engine of a common rail system, which is mounted as a
driving source on a vehicle.

[0019] The diesel engine (which will be referred to
hereinafter as "engine") 1 is provided with an engine body
2 and four cylinders 3 are arranged in the engine body
2. Each cylinder 3 is equipped with an injector (fuel in-
jection valve) 5 to inject fuel into a combustion chamber
4. Each injector 5 is connected to a common rail 6 and
high-pressure fuel accumulated in the common rail 6 is
supplied to each injector 5.

[0020] A nozzle 7 is arranged at the distal end of each
injector 5. The nozzle 7, as shown in Fig. 2, has a nozzle
body 8 and a needle 9. The needle 9 is housed in the
nozzle body 8 so as to be movable in the axial direction
of the nozzle body 8. A plurality of holes 8a are formed
at the distal end of nozzle body 8. The needle 9 is moved
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in the axial direction of the nozzle body 8 by action of an
electromagnet (not shown) provided at the base end of
the injector 5. This movement induces injection of fuel
from each hole 8a.

[0021] An intake passage 10 to take air into the com-
bustion chambers 4 is connected through intake manifold
11 to the engine body 2. On the intake passage 10 there
are an air cleaner 12, a compressor 14 of turbocharger
13, an intercooler 15, and a throttle valve 16 arranged
from upstream to downstream. An exhaust passage 17
to discharge emissions after combustion is connected
through exhaust manifold 18 to the engine body 2. On
the exhaust passage 17 there are a turbine 19 of turbo-
charger 13 and a DPF-incorporated catalyst 20 arranged
from upstream to downstream.

[0022] The engine 1 is equipped with an EGR unit 21
toreturn a part of emissions after combustion, as exhaust
gas recirculation (EGR) gas into the combustion cham-
bers 4. The EGR unit 21 has an EGR passage 22 to
return the EGR gas, an EGR valve 23, an EGR cooler
24, a bypass line 25, and a changeover valve 26. The
EGR passage 22 is arranged so as to connect the intake
passage 10 and the exhaust manifold 18. The EGR valve
23 controls a recirculation amount of EGR gas from the
exhaust manifold 18 to the intake passage 10. The EGR
cooler 24 cools the EGR gas passing through the EGR
passage 22. The bypass line 25 is connected to the EGR
passage 22 so as to bypass the EGR cooler 24. The
changeover valve 26 changes over the flow path of the
EGR gas to the EGR cooler 24 side or to the bypass line
25 side.

[0023] The engine 1 is provided with the fuel injection
control device 27. The fuel injection control device 27,
as shown in Fig. 3, has an engine speed sensor 28, an
accelerator position sensor 29, and an electronic control
unit (ECU) 30. The engine speed sensor 28 detects the
number of rotations of the engine 1 (engine speed). The
accelerator position sensor 29 detects a step-on angle
of the accelerator pedal (accelerator position). The ECU
30 controls each injector 5, based on output signals from
various sensors including the engine speed sensor 28
and the accelerator position sensor 29.

[0024] The ECU 30 is constructed with a learning ex-
ecution condition setting unit 31, a learning processing
unit 32, and a data storage unit 33. The learning execu-
tion condition setting unit 31 sets a learning execution
condition for execution of injection quantity learning of
the injectors 5. The learning execution condition includes
an interval of execution of the injection quantity learning
(which will be referred to hereinafter as "learning inter-
val") and a single-shot injection number in execution of
the injection quantity learning (which will be referred to
hereinafter as "learning-time injection number"). In this
single-shot injection, a minute quantity of fuel is injected
as fuel for learning. The processing of the learning exe-
cution condition setting unit 31 will be detailed later.
[0025] The learning processing unit 32 calculates a
command injection quantity for learning to the injectors
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5, based on output signals from the engine speed sensor
28 and the accelerator position sensor 29. The learning
processing unit 32 controls the injectors 5 so as to per-
form fuel injection according to the command injection
quantity, in accordance with the learning execution con-
dition set by the learning execution condition setting unit
31. The command injection quantity for learning is a com-
mand injection quantity for the injectors 5 to inject the
fuel for learning, i.e., a minute amount of fuel.

[0026] The learning processing unit 32 executes the
injection quantity learning of injectors 5. Specifically, the
learning processing unit 32 estimates a quantity of fuel
actually injected from the injectors 5 (which will be re-
ferred to hereinafter as "real injection quantity"), based
on a state change of the engine 1 caused by the fuel
injection according to the command injection quantity for
learning, and makes a correction for a difference between
the command injection quantity and the real injection
quantity. In the present embodiment, the learning
processing unit 32 estimates the real injection quantity,
based on a change of the engine speed detected by the
engine speed sensor 28, as the state change of the en-
gine 1.

[0027] The data storage unit 33 preliminarily stores da-
ta necessary for the injection quantity learning and con-
trol of the injectors 5. Also successively stored into the
data storage unit 33 are the result of the above learning
and information on whether an initial break-in (described
below) of the injectors 5 is completed.

[0028] Fig. 4 is a flowchart showing a processing pro-
cedure for the learning execution condition setting unit
to set the learning execution condition. The learning ex-
ecution condition setting unit 31 executes the setting of
the learning execution condition in every predetermined
period. First, the learning execution condition setting unit
31 determines whether the initial break-in (running-in op-
eration) of injectors 5 is uncompleted, based on the in-
formation stored in the data storage unit 33 (S101).
[0029] Theinitial break-in of injectors 5isimplemented
in such a manner that the injectors 5 operate in an initial
stage after a start of operation of the engine 1 to cause
lapping between needles 9 and nozzle bodies 8 in the
nozzles 7 of the injectors 5. By the lapping between nee-
dles 9 and nozzle bodies 8 (which will be referred to here-
inafter as "lapping of nozzles 7"), the needles 9 come to
slide smoothly relative to the nozzle bodies 8. As a result
of this, the response of needles 9 improves, as shown in
Fig. 5, and therefore the real injection quantity of fuel to
be injected increases even in the same opening period
of nozzles 7. In Fig. 5, dashed line N indicates the valve
opening timing before the lapping of nozzles 7 and solid
line M the valve opening timing after the lapping of noz-
Zles 7.

[0030] AsshowninFig.6,theinitial break-inof injectors
5 proceeds, particularly, during a high-load operation.
During a low-load operation, the temperature in the com-
bustion chambers 4 (cylinder temperature) is not high
enough and, in conjunction therewith, the exposed heat
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temperature of nozzles 7 does not rise high. For this rea-
son, the lapping of nozzles 7 is unlikely to proceed. There-
fore, the initial break-in of injectors 5 does not proceed
during the low-load operation and there is little change
in the real injection quantity of fuel from the nozzles 7.
Conventionally, the initial break-in period was generally
determined to be a duration from a start point of operation
of the engine 1 to a point of completion of the lapping of
nozzles 7. However, the present embodiment newly de-
termines a point of a substantial start of the initial break-
in after the start of operation of the engine 1, based on
the foregoing knowledge. After completion of the initial
break-in of injectors 5, the real injection quantity of fuel
injected from the nozzles 7 gradually decreases with in-
crease in traveling distance because of adhesion of soot
or the like to the surroundings of the holes 8a of the noz-
Zles 7.

[0031] As shown in Fig. 7, the lapping of nozzles 7 is
completed in a shorter time as the exposed heat temper-
ature of nozzles 7 becomes higher. In Fig. 7 thick solid
line P, thick dashed line Q, thin solid line R, and thin
dashed line S indicate characteristics of real injection
quantity against operating time, for example, at the ex-
posed heat temperatures of nozzles 7 of 100°C, 200°C,
300°C, and 400°C, respectively.

[0032] When the exposed heattemperature of nozzles
7 is 100°C, there is almost no variation in the character-
istic of real injection quantity, regardless of the operating
time. When the exposed heat temperature of nozzles 7
is 200°C, the characteristic of real injection quantity var-
ies, but the variation in the characteristic of real injection
quantity reaches a steady state, before completion of the
lapping of nozzles 7. When the exposed heat tempera-
ture of nozzles 7 is 300°C or 400°C, completion of the
lapping of nozzles 7 is confirmed. In this respect, the
lapping of nozzles 7 is completed in a shorter time with
the exposed heat temperature of 400°C than with the
exposed heat temperature of 300°C. It is found from the
foregoing characteristics of real injection quantity in this
example that the lower limit of exposed heat temperature
to achieve completion of the lapping of nozzles 7 is be-
tween 200°C and 300°C. When the start point of the initial
break-in period of injectors 5 is determined from the ex-
posed heat temperature of nozzles 7, for example, the
foregoing lower limit of exposed heat temperature or a
value largerthanitis defined as a break-in startthreshold.
This break-in start threshold is preliminarily determined
by test or the like and is stored as data in the data storage
unit 33.

[0033] When the learning execution condition setting
unit 31 determines in the process of S101 that the initial
break-in of injectors 5 is uncompleted, the learning exe-
cution condition setting unit 31 performs an advance
preparation for determining whether the injectors 5 are
in the initial break-in period. In this process, the learning
execution condition setting unit 31 obtains the exposed
heat temperature of nozzles 7, in order to determine the
start point of the initial break-in of injectors 5 (S102). The
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exposed heat temperature of nozzles 7 is determined
based on the engine speed detected by the engine speed
sensor 28 and the aforementioned command injection
quantity determined by the learning processing unit 32.
The exposed heat temperature of nozzles 7 is deter-
mined by preparing an exposed heat temperature map
indicative of relationship among engine speed, command
injection quantity, and exposed heat temperature, and
finding the exposed heat temperature from the exposed
heat temperature map.

[0034] Next, the learning execution condition setting
unit 31 determines whether the injectors 5 are in the initial
break-in period, i.e., whether the present status of injec-
tors 5 is after the start point and before an end point of
the initial break-in of injectors 5 (S103). The start point
of the initial break-in of injectors 5 is determined by a
comparison between the exposed heat temperature of
nozzles 7 and the break-in start threshold preliminarily
stored in the data storage unit 33. The end point of the
initial break-in period of injectors 5 can be determined,
for example, from an exposed heat amount of nozzles 7
(which will be described later). Specifically, the end point
of the initial break-in period is determined to be a point
of time when the exposed heat amount of nozzles 7
reaches a break-in end threshold preliminarily stored in
the data storage unit 33. The start point of the initial break-
in period can also be determined from an exposed heat
amountper unittime of nozzles 7, or, from the accelerator
position as engine load. When the end point of the initial
break-in period is determined to be reached based on
the exposed heat amount of the nozzles 7, information
of completion of the initial break-in is stored into the data
storage unit 33.

[0035] When the learning execution condition setting
unit 31 determines in the process of S101 that the initial
break-in of injectors 5 is completed or determines in the
process of S103 that the injectors 5 are not in the initial
break-in period, the learning execution condition setting
unit 31 sets aregular learning interval (S104). The regular
learning interval is estimated by general running patterns.
Specifically, the regular learning interval is set to a value
calculated by multiplication of a predetermined basic in-
terval and a correction coefficient according to traveling
distance.

[0036] When the learning execution condition setting
unit 31 determines in the process of S103 that the injec-
tors 5 are in the initial break-in period, the learning exe-
cution condition setting unit 31 sets a break-in learning
interval (S105). The details of the process of S105 are
shown in Fig. 8.

[0037] As shown in Fig. 8, the learning execution con-
dition setting unit 31 obtains the exposed heat amount
ofnozzles 7 (S112). The exposed heat amount of nozzles
7 is determined based on the exposed heat temperature
of nozzles 7 obtained by the process of S102 and the
operating time of the engine 1 (vehicle). The exposed
heat amount of nozzles 7 is determined by preparing an
exposed heat amount map indicative of relationship
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among exposed heat temperature, operating time, and
exposed heat amount, and finding the exposed heat
amount from the exposed heat amount map. The oper-
ating time is obtained from a timer built in the ECU 30.
The exposed heat amounts in the exposed heat amount
map are cumulative values to increase with progress of
the lapping of nozzles 7. Therefore, the status of the lap-
ping of nozzles 7 can be estimated from the exposed
heat amount of nozzles 7.

[0038] Next, the learning execution condition setting
unit 31 determines the break-in learning interval (S113).
The break-in learning interval is determined based on
the exposed heat amount of nozzles 7 obtained by the
process of S112. The learning interval is determined by
preparing a learning interval map indicative of relation-
ship between exposed heatamountand learning interval,
and finding the learning interval from the learning interval
map. The break-in learning interval, as shown in Fig. 9,
is set to be smaller than the regular learning interval set
in the process of S104. As shown in Fig. 9, the break-in
learning interval is set so as to become longer with in-
crease in the exposed heat amount of nozzles 7, i.e., so
as to become longer with progress of the lapping of noz-
Zles 7.

[0039] Next, the learning execution condition setting
unit 31 sends to the learning processing unit 32, infor-
mation including the break-in learning interval obtained
by the process of S113 (which will be referred to herein-
after as "learning interval information") (S114). The learn-
ing processing unit 32 controls the injectors 5 to perform
the fuel injection for learning when the engine 1 moves
into a no-load condition, after arrival atthe learning timing
corresponding to the learning interval information (cf. Fig.
9). This control results in executing the injection quantity
learning of injectors 5. The learning-time injection
number is fixed (at a certain number of shots) regardless
of whether the injectors 5 are in the initial break-in period.
[0040] In the configuration described above, the en-
gine speed sensor 28 and the learning execution condi-
tion setting unit 31 constitute an exposed heat tempera-
ture detection means to detect the exposed heat temper-
ature of nozzles 7. The learning execution condition set-
ting unit 31 constitutes an exposed heat amount acqui-
sition means to acquire the exposed heat amount of noz-
zles 7, based on the exposed heattemperature of nozzles
7 detected by the exposed heat temperature detection
means and the operating time of the engine 1, alearning
interval change means to change the interval of execu-
tion of learning of injection quantity, according to the ex-
posed heat amount of nozzles 7 acquired by the exposed
heat amount acquisition means, and a determination
means to determine whether the fuel injection valves 5
are in the break-in period. The process of S102 shown
in Fig. 4 functions as a part of the exposed heat temper-
ature detection means. The process of S103 shown in
Fig. 4 functions as the determination means. The process
of S112 shown in Fig. 8 functions as the exposed heat
amount acquisition means. The process of S113 shown
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in Fig. 8 functions as the learning interval change means.
[0041] As described above, as the exposed heat tem-
perature of nozzles 7 becomes higher, the lapping of noz-
zles 7 is completed earlier (cf. Fig. 7) and the initial break-
in period of injectors 5 becomes shorter. In the initial
break-in period of injectors 5, the real injection quantity
of fuel injected from the nozzles 7 non-linearly increases
with increase in traveling distance (cf. Fig. 6). Specifical-
ly, an increase rate of real injection quantity of injectors
5 is higher and therefore the lapping of nozzles 7 pro-
ceeds in an earlier stage in a region near the start point
of the initial break-in period than in a region near the end
point of the initial break-in period. For this reason, the
difference between the real injection quantity of injectors
5 and the learning value (command injection quantity af-
ter the correction) is more likely to occur in the region
near the start point of the initial break-in period than in
the region near the end point of the initial break-in period.
[0042] In the present embodiment, during the initial
break-in period, the exposed heattemperature of nozzles
7 is determined based on the engine speed and the com-
mand injection quantity to the injectors 5, and the ex-
posed heat amount of the nozzles 7 is determined based
on the exposed heat temperature of nozzles 7 and the
operating time of the vehicle. The status of the lapping
of nozzles 7 is estimated based on the determined ex-
posed heat amount of nozzles 7 and the learning interval
is changed according to the status of the lapping of noz-
zles 7. Specifically, the learning interval is set longer with
progress of the lapping of nozzles 7. By this setting, as
shown in Fig. 9, the learning interval is set shorter to
increase the frequency of execution of learning in the
region near the start point of the initial break-in period
than in the region near the end point of the initial break-
in period.

[0043] Sincethelearningintervalis changedaccording
to the status of the lapping of nozzles 7, the learning can
be performed at optimum timings for injection quantity
change characteristics of injectors 5 differing depending
upon operating conditions of the vehicle. This can quickly
reduce the difference between the real injection quantity
oftheinjectors 5 and the learning value due toamismatch
between the learning timing and the injection quantity
change characteristic. As aresult, it becomes feasible to
prevent increase of exhaust particulate matter (PM) and
degradation of combustion sound.

[0044] The learning execution condition setting unit 31
determines whether the injectors 5 are in the initial break-
in period, based on the parameters corresponding to heat
to which the nozzles 7 are exposed due to combustion
of fuel. The present embodiment uses the exposed heat
temperature of nozzles 7 and the exposed heat amount
of nozzles 7 as the foregoing parameters. The learning
execution condition setting unit 31 determines the start
point of the initial break-in of injectors 5, based on the
exposed heat temperature of nozzles 7, and determines
the end point of the initial break-in period of injectors 5,
based on the exposed heat amount of nozzles 7. This
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allows an appropriate determination to be made on
whether the injectors 5 are in the initial break-in period.
The parameter to be adopted for determining the start
point of the initial break-in of injectors 5 can also be the
exposed heat amount per unit time of nozzles 7 or the
accelerator position (engine load), as described above,
instead of the exposed heat temperature of nozzles 7.
[0045] Next, the fuel injection control device according
to a modification example of the present embodiment will
be described with reference to Fig. 10. Fig. 10 is a flow-
chart showing a modification example of the processing
procedure forthe learning execution condition setting unit
to set the learning execution condition. The present
processing is executed in every predetermined period.
[0046] In Fig. 10, the processes of S101 to S103 are
the same as those shown in Fig. 4. When the learning
execution condition setting unit 31 determines in the
process of S101 that the initial break-in of injectors 5 is
completed or determines in the process of S103 that the
injectors 5 are not in the initial break-in period, the learn-
ing execution condition setting unit 31 sets the regular
learning interval and learning-time injection number
(S104A). The state change of the engine 1 caused by
the single-shot injection includes dispersion of real injec-
tion quantity or combustion or the like. For this reason,
the learning-time injection number is setto be the number
of two or more shots per learning. The regular learning-
time injection number is set to be a fixed value independ-
ent of traveling distance (cf. Fig. 12).

[0047] When the learning execution condition setting
unit 31 determines in the process of S103 that the injec-
tors 5 are in the initial break-in period, the learning exe-
cution condition setting unit 31 sets the break-in learning
interval and learning-time injection number (S105A). The
details of the process of S105A are shown in Fig. 11.
[0048] InFig. 11, the processes of S112 and S113 are
the same as those shown in Fig. 8. After execution of the
processes of S112 and S113, the learning execution con-
dition setting unit 31 determines the break-in learning-
time injection number, based on the exposed heat
amount of nozzles 7 obtained by the process of S112
(S121). Thelearning-time injection number is determined
by preparing a learning-time injection number map indic-
ative of relationship between exposed heat amount and
learning-time injection number, and finding the learning-
time injection number from the learning-time injection
number map. The break-in learning-time injection
number, as shown in Fig. 12, is set to be smaller than
the regular learning-time injection number setin the proc-
ess of S104A. The break-in learning-time injection
number is set, as shown in Fig. 12, so that the learning-
time injection number increases with increase in the ex-
posed heat amount of nozzles 7, i.e., with progress of
the lapping of nozzles 7.

[0049] Next, the learning execution condition setting
unit 31 sends to the learning processing unit 32, the learn-
ing interval information obtained by the process of S113
and information including the learning-time injection
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number obtained by the process of S121 (which will be
referred to hereinafter as "learning-time injection number
information") (S122). The learning processing unit 32
controls the injectors 5 to perform the learning fuel injec-
tion by the learning-time injection number corresponding
to the learning-time injection number information when
the engine 1 moves into a no-load condition, after arrival
at the learning timing corresponding to the learning in-
terval information (cf. Fig. 12). This control results in ex-
ecuting the injection quantity learning of injectors 5.
[0050] The learning execution condition setting unit 31
constitutes a learning-time injection number change
means to change the injection number of the minute
amount of fuel, according to the exposed heat amount
of nozzles 7 acquired by the exposed heat amount ac-
quisition means. The process of S121 shown in Fig. 11
functions as the learning-time injection number change
means.

[0051] In the present modification example, as de-
scribed above, the exposed heat temperature of nozzles
7 is determined based on the engine speed and the com-
mand injection quantity to the injectors 5 and the exposed
heat amount of nozzles 7 is determined based on the
exposed heat temperature of nozzles 7 and the operating
time of the vehicle, during the initial break-in period. The
status of the lapping of nozzles 7 is estimated based on
the determined exposed heat amount of nozzles 7, and
the learning interval and learning-time injection number
are changed according to the status of the lapping of
nozzles 7. Specifically, the learning interval is set longer
and the learning-time injection number is set larger with
progress of the lapping of the nozzles 7. By this setting,
as shown in Fig. 12, the learning-time injection number
is set smaller to complete the injection quantity learning
earlierin the region near the start point of the initial break-
in period than in the region near the end point of the initial
break-in period. As aresult of this, the difference between
the real injection quantity and the learning value of injec-
tors 5 can be reduced in a much earlier stage.

[0052] Itis notedthatthe presentinventionis notlimited
to the above embodiment. For example, the above em-
bodiment showed the example wherein the exposed heat
temperature of nozzles 7 was determined based on the
engine speed and the command injection quantity to the
injectors 5, but the present invention is not limited to this
example. The exposed heat temperature of nozzles 7
may also be determined using an intake air amount in-
stead of the engine speed. In this case, an air flow meter
to detect the intake air amount is arranged on the intake
passage 10.

[0053] The above embodiment showed the example
wherein at least the learning interval out of the learning
interval and the learning-time injection number was
changed according to the status of the lapping of nozzles
7, during the initial break-in period of injectors 5, but the
present invention is not limited to this example. The
present invention is also applicable to any other period
than the initial break-in period of injectors 5 as long as it
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is a period in which there is significant variation in the
fuel injection quantity (real injection quantity) from the
injectors 5 relative to the traveling distance of the vehicle.

Industrial Applicability

[0054] The present invention is applicable to the fuel
injection control devices of diesel engine.

Reference Signs List

[0055] 1...diesel engine; 5...injector (fuel injection
valve); 7 ... nozzle; 27... fuel injection control device; 28...
engine speed sensor (exposed heat temperature detec-
tion means); 30...ECU; 31...learning execution condition
setting unit (exposed heat temperature detection means,
exposed heat amount acquisition means, learning inter-
val change means, learning-time injection number
change means, and determination means); 32...learning
processing unit.

[0056] A fuel injection control device (27) injects fuel
for learning into a combustion chamber (4) of an engine
(1) fromanozzle (7) of a fuel injection valve (5), to perform
learning of injection quantity of the fuel injection valve
(5). The fuel injection control device (27) is provided with
an exposed heat temperature detection means (28, 31)
for detecting an exposed heat temperature of the nozzle
(7), an exposed heat amount acquisition means (31) for
acquiring an exposed heat amount of the nozzle (7),
based on the exposed heat temperature of the nozzle (7)
detected by the exposed heat temperature detection
means (28, 31) and an operating time of the engine (1),
and a learning interval change means (31) for changing
an interval of execution of the injection quantity learning,
according to the exposed heat amount of the nozzle (7)
acquired by the exposed heat amount acquisition means
(31).

Claims

1. Afuel injection control device (27) which injects fuel
for learning into a combustion chamber (4) of an en-
gine (1) from a nozzle (7) of a fuel injection valve (5),
to perform injection quantity learning of the fuel in-
jection valve (5), the fuel injection control device (27)
comprising:

exposed heattemperature detection means (28,
31) for detecting an exposed heat temperature
of the nozzle (7);

exposed heatamountacquisition means (31) for
acquiring an exposed heat amount of the nozzle
(7), based on the exposed heat temperature of
the nozzle (7) detected by the exposed heat tem-
perature detection means (28, 31) and an oper-
ating time of the engine (1); and

learning interval change means (31) for chang-
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ing an interval of execution of the injection quan-
tity learning, according to the exposed heat
amount of the nozzle (7) acquired by the ex-
posed heat amount acquisition means (31).

2. The fuel injection control device (27) according to
claim 1, wherein the exposed heat temperature de-
tection means (28, 31) has:

means (28) for detecting an engine speed of the
engine (1); and

means (31) for acquiring the exposed heat tem-
perature of the nozzle (7), based on the engine
speed of the engine (1) and an injection quantity
of the fuel injection valve (5).

3. The fuel injection control device (27) according to
claim 1 or 2, further comprising:

determination means (31) for determining
whether the fuel injection valve (5) is in a break-
in period,

wherein when the determination means (31) de-
termines that the fuel injection valve (5) is in the
break-in period, the learning interval change
means (31) changes the interval of execution of
the injection quantity learning, according to the
exposed heat amount of the nozzle (7).

4. The fuel injection control device (27) according to
claim 1 or 2, further comprising:

learning-time injection number change means
(31) for changing an injection number of the fuel
for learning, according to the exposed heat
amount of the nozzle (7) acquired by the ex-
posed heat amount acquisition means (31).

5. The fuel injection control device (27) according to
claim 4, further comprising:

determination means (31) for determining
whether the fuel injection valve (5) is in a break-
in period,

wherein when the determination means (31) de-
termines that the fuel injection valve (5) is in the
break-in period, the learning interval change
means (31) changes the interval of execution of
the injection quantity learning, according to the
exposed heat amount of the nozzle (7), and
wherein when the determination means (31) de-
termines that the fuel injection valve (5) is in the
break-in period, the learning-time injection
number change means (31) changes the injec-
tion number of the fuel for learning, according
to the exposed heat amount of the nozzle (7).

6. The fuel injection control device (27) according to

10

15

20

25

30

35

40

45

50

55

claim 3 or 5,

wherein the determination means (31) determines
whether the fuel injection valve (5) is in the break-in
period, based on a parameter corresponding to heat
to which the nozzle (7) is exposed due to combustion
of the fuel.
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