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(54) FUELINJECTORENERGIZATION CONTROL METHOD AND COMMON RAIL FUEL INJECTION

CONTROL APPARATUS

(567)  Deterioration of a start characteristic of a fuel
injector, which is caused by sludge, at a start of an engine
is reliably suppressed or prevented.

Non-injection energization is performed on fuel in-
jectors 2-1 to 2-n at a start of a vehicle (S102), and a
valve closing time at the time is measured (S104). If the
valve closing time exceeds a specified range (S106), a
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Description
Technical Field

[0001] The invention relates to an energization control
method for a fuel injector and a common rail fuel injection
control apparatus and, in particular, to improvement in
stability and reliability of a starting characteristic of the
fuel injector.

Background Art

[0002] A fuel injector that injects fuel into an engine is
an essential component of a vehicle system that has a
significant impact on quality of an engine operation, and
fuel injectors with various configurations have been pro-
posed and commercially available on the basis of a va-
riety of perspectives.

[0003] For example, as a fuel injector with merits of
reduced power consumption, reduced size, and the like,
whatis called a pressure-balanced fuel injector has been
available.

[0004] This pressure-balanced fuel injector is basically
the same as a so-called ball valve fuel injector, which
has conventionally been available, in points that a control
chamber capable of controlling inflow/outflow of high
pressure fuel is provided near an end of a nozzle needle
on an opposite side from an injection hole, so as to assist
in seating/separation of the nozzle needle on/from a
valve seat and that the inflow/outflow of the fuel to/from
the control chamber can be controlled by an electromag-
netic valve. However, as will be described below, usage
of the electromagnetic valve, which controls the in-
flow/outflow of the fuel to/from the control chamber, in
the pressure-balanced fuel injector differs from that in
the ball valve fuel injector.

[0005] More specifically, in the pressure-balanced fuel
injector, an armature that constitutes the electromagnetic
valve for controlling the inflow/outflow of the fuel to/from
the control chamber differs from conventional one and is
provided to be in a substantially line contact state with
the valve seatin alongitudinal axial direction of the nozzle
needle.

[0006] The ball valve fuelinjectoris configured that the
armature or a valve needle attached to the armature is
provided to be in a surface contact state with the valve
seat. Accordingly, when the armature or the valve needle
is seated on the valve seat, high fuel pressure acts on
the valve needle or the armature, and the valve needle
or the armature has to be pressed with a large spring set
force so as to resist the fuel pressure. Meanwhile, when
the valve is opened, an electromagnetic force that over-
comes the large spring set force is necessary. For this
reason, an energized currentis increased, and the power
consumption is consequently increased.

[0007] Onthe contrary, unlike the above-described ball
valve fuel injector, the high fuel pressure does not act on
the armature or the valve needle in the pressure-bal-
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anced fuel injector. In addition, the electromagnetic force
only has to be large enough to separate the armature
from the valve seat. Accordingly, various advantages
such as the reduced power consumption and reduced
size of the electromagnetic valve from the ball valve fuel
injector can be achieved. Therefore, the pressure-bal-
anced fuel injector has been adapted for a variety of uses
(for example, see PTL 1).

Citation List
Patent Literature

[0008] [PTL 1] JP-A-2012-526227

Disclosure of Invention
Technical Problem

[0009] The above-described pressure-balanced fuel
injectoris configured thatthe above-described valve nee-
dle is slidably inserted in the armature, and sludge is
possibly accumulated in an extremely small clearance
therebetween. In particular, when the fuel injector starts
being energized at a start of a vehicle, sliding of the ar-
mature is resisted by the sludge, which leads to such
problems that a fuel injection amount becomes insuffi-
cientduetoadelayina start of the injection, thata desired
engine speed cannot be achieved, and that a starting
characteristic of the engine is deteriorated.

[0010] The invention has been made in view of the
above circumstances and therefore provides a fuel injec-
tor energization control method and a common rail fuel
injection control apparatus that suppress or prevent de-
terioration of a starting characteristic of a fuel injector,
which is caused by sludge, at a start of an engine, that
can reliably secure desired fuel injection, and that can
improve reliability and stability of fuel injection control.

Solution to Problem

[0011] In order to achieve the above purpose of the
invention, a fuel injector energization control method ac-
cordingtothe inventionis a fuel injector energization con-
trol method that controls energization of a fuel injector at
astartofavehicle, and is configured to: determine wheth-
er a cause that deteriorates a starting state of an engine
is present at the start of the vehicle; and, when it is de-
termined that the cause that deteriorates the starting
state of the engine is present, correct an energization
condition of the fuel injector and energize the fuel injector
on the basis of the corrected energization condition.

[0012] In addition, in order to achieve the above pur-
pose of the invention, a common rail fuel injection control
apparatus according to the invention is a common rail
fuelinjection control apparatus in which fuel in a fuel tank
is pressurized and pressure-fed to a common rail by a
high-pressure pump and which is provided with an elec-
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tronic control unit capable of executing injection control
of high pressure fuel to an engine via a fuel injector con-
nected to said common rail. The electronic control unit
is configured to: determine whether a cause that deteri-
orates a starting state of an engine at a start of a vehicle
is present; and, when it is determined that the cause that
deteriorates the starting state of the engine is present,
correct an energization condition in energization control
of the fuel injector; and be able to execute the energiza-
tion control of the fuel injector on the basis of the corrected
energization condition.

Advantageous Effects of Invention

[0013] According to the invention, when it is deter-
mined that the cause that deteriorates the starting state
of the engine is present at the start of the vehicle, the
energization condition of the fuel injector is corrected,
and the energization is performed. In this way, an insuf-
ficient fuel injection amount can be compensated, and
deterioration of a start characteristic of the engine can
reliably be avoided. Accordingly, in particular, in the case
where an operation of the fuel injector is temporarily dis-
turbed by sludge or the like at the start of the vehicle, a
reduction in an engine speed is reliably suppressed or
alleviated, and the deterioration of the start characteristic
canthereby be avoided. Therefore, an effect ofimproving
reliability and stability of fuel injection control is exerted.

Brief Description of Drawings
[0014]

Fig. 1 is a configuration diagram that illustrates a
configuration example of a common rail fuel injection
control apparatus to which a fuel injector energiza-
tion control method in an embodiment of the inven-
tion is applied.

Fig. 2 is a schematic view that schematically illus-
trates a cross-sectional structure of a fuel injector,
to which the fuel injector energization control method
in the embodiment of the invention is applied, in a
longitudinal direction at a time when fuel is not in-
jected.

Fig. 3 is a schematic view that schematically illus-
trates a cross-sectional structure of the fuel injector,
to which the fuel injector energization control method
in the embodiment of the invention is applied, in the
longitudinal direction at a time when the fuel is in-
jected.

Fig. 4 is a subroutine flowchart that illustrates a pro-
cedure of a first example of fuel injector energization
control processing in the embodiment of the inven-
tion.

Fig. 5 is a subroutine flowchart that illustrates a pro-
cedure of a second example of the fuel injector en-
ergization control processing in the embodiment of
the invention.
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Fig. 6includes schematic charts, each of which sche-
matically illustrates an energization waveform of the
fuel injector in the embodiment of the invention, in
which (A) of Fig. 6 is a schematic chart that illustrates
an example of the energization waveformin anormal
time and (B) of Fig. 6 is a schematic chart that illus-
trates an example of the energization waveformin a
case where an energization condition is corrected.

Description of Embodiment

[0015] Adescription will hereinafter be made onanem-
bodiment of the invention with reference to Fig. 1 to Fig. 6.
[0016] Note that members, arrangement, and the like,
which will be described below, do not limit the invention
and various modifications can be made thereto within the
scope of the gist of the invention.

[0017] First, referring to Fig. 1, a description will be
made on a common rail fuel injection control apparatus
to which a fuel injector energization control method in the
embodiment of the invention is applied.

[0018] This common rail fuel injection control appara-
tus is configured by including, as main components: a
high-pressure pump device 50 that pressure-feeds high
pressure fuel; a common rail 1 that stores the high pres-
sure fuel pressure-fed from this high-pressure pump de-
vice 50; plural fuel injectors 2-1 to 2-n, each of which
injects the high pressure fuel, which is supplied from this
common rail 1, into a cylinder of an engine 3; and an
electronic control unit (indicated as an "ECU" in Fig. 1)
4 that performs fuel injection control processing, rail pres-
sure control processing, which will be described below,
and the like.

[0019] Suchaconfigurationitselfis the same as a basic
configuration of a fuel injection control apparatus of this
type that has conventionally been well known.

[0020] The high-pressure pump device 50 has a
known/well-known configuration including, as main com-
ponents, a supply pump 5, a metering valve 6, and a
high-pressure pump 7.

[0021] In such a configuration, fuel in a fuel tank 9 is
pumped by the supply pump 5 and supplied to the high-
pressure pump 7 via the metering valve 6. An electro-
magnetic proportional control valve is used as the me-
tering valve 6, and an energization amount thereofis con-
trolled by the electronic control unit 4. In this way, a flow
rate of the supply fuel to the high-pressure pump 7, in
other words, a discharge amount of the high-pressure
pump 7 is adjusted.

[0022] Note that a return valve 8 is provided between
an output side of the supply pump 5 and the fuel tank 9
and thus can return a surplus of the fuel on the output
side of the supply pump 5 to the fuel tank 9.

[0023] In addition, the supply pump 5 may be provided
as a separate component from the high-pressure pump
device 50 on an upstream side of the high-pressure pump
device 50 or may be provided in the fuel tank 9.

[0024] Thefuelinjectors2-1to2-narerespectively pro-
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vided for the cylinders of the engine 3. Each of the fuel
injectors 2-1 to 2-n is supplied with the high pressure fuel
from the common rail 1 and injects the fuel through in-
jection control by the electronic control unit 4.

[0025] Inthe commonrail 1 of the invention, a pressure
control valve 12 as an electromagnetic proportional con-
trol valve is provided in a return passage (not illustrated)
through which a surplus of the high pressure fuel is re-
turned to the tank 9. The pressure control valve 12 is
used together with the metering valve 6 to control rail
pressure.

[0026] In the embodiment of the invention, an opera-
tion state of each of the metering valve 6 and the pressure
control valve 12 is appropriately changed in accordance
with an operation state of the engine 3. In this way, ap-
propriate rail pressure control is realized.

[0027] The electronic control unit 4, for example, has
a microcomputer (not illustrated) with a known/well-
known configuration as a principal component and also
has storage elements (not illustrated) such as RAM and
ROM. In addition, the electronic control unit 4 is config-
ured by including, as main components: a drive circuit
(not illustrated) that drives the fuel injectors 2-1 to 2-n;
and an energization circuit (not illustrated) that energizes
the metering valve 6 and the pressure control valve 12.
[0028] Such an electronic control unit 4 receives a de-
tection signal of a pressure sensor 11 that detects pres-
sure of the common rail 1, and also receives various de-
tection signals such as an engine speed, an accelerator
operation amount, and a fuel temperature that are used
for operation control and fuel injection control of the en-
gine 3 as well as for the fuel injector energization control
processing in the embodiment of the invention, which will
be described below, and the like.

[0029] Suchaconfigurationitselfisthe same as abasic
configuration of a common rail fuel injection control ap-
paratus of this type that has conventionally been known.
[0030] As each of the fuel injectors 2-1 to 2-n in the
above configuration, for example, a fuel injector with a
configuration of a so-called pressure-balanced type is
used. Needless to say, the fuel injectors 2-1 to 2-n are
not limited thereto. A fuel injector with a configuration of
a so-called ball valve type that has conventionally been
well known may be used therefor.

[0031] Next, Fig. 2 and Fig. 3 each schematically illus-
trate a configuration example of a pressure-balanced fuel
injector. Referring to the same drawings, a description
will hereinafter be made particularly on a schematic con-
figuration of a portion near an end of the pressure-bal-
anced fuel injector on an opposite side from an injection
hole. Note that portions with hatched lines represent the
fuel in Fig. 2 and Fig. 3. In the pressure-balanced fuel
injector, a nozzle needle 23 that opens/closes the injec-
tion hole (not illustrated) is slidably provided in a valve
body 22 accommodated in a housing 21, and a control
chamber 24, into/from which the fuel flows, is formed on
a rear end side of the nozzle needle 23, that is, between
the portion near the opposite end from the unillustrated
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injection hole and the valve body 22. Furthermore, it is
configured that an electromagnetic valve 25 that controls
inflow/outflow of the fuel to/from this control chamber 24
is provided on an end side of the valve body 22. Such a
configuration is basically the same as that of a so-called
ball valve fuel injector.

[0032] On a top side of the valve body 22, a ring-
shaped valve seat 26 is formed to be projected to an
opposite side from the control chamber 24, and a com-
munication passage 27 that communicates with the con-
trol chamber 24 is formed in an inner portion of this valve
seat 26.

[0033] Width of the valve seat 26, that is, width thereof
in an orthogonal direction to a longitudinal axial direction
of the fuel injector (in other words, a longitudinal axial
direction of the nozzle needle 23) as a vertical direction
of the sheetin Fig. 3 is extremely small. A seating section
32c of an armature 32 constituting the electromagnetic
valve 25, which will be described next, comes in substan-
tially line contact in a ring shape with the valve seat 26
(see Fig. 3).

[0034] The electromagnetic valve 25 is configured by
including, as main components, an electromagnetic coil
31, the armature 32, and a coil spring 33, and the con-
figuration thereof itself is basically the same as that of a
conventional electromagnetic valve.

[0035] The armature 32, for which a magnetic body is
used, is configured to be largely divided into: a columnar
section 32athat is formed in a hollow cylinder shape; and
a disc-shaped plate section 32b that extends orthogo-
nally from an end of the columnar section 32a.

[0036] A columnar support member 28 is slidably in-
serted in the columnar section 32a. One end side of this
support member 28 is projected outward from the plate
section 32b in appropriate length, and the coil spring 33
and a spring receiver plate 34 are attached thereonto.
The spring receiver plate 34 is placed on the plate section
32b of the armature 32.

[0037] The electromagnetic coil 31 is disposed in a
manner to surround the coil spring 33.

[0038] Near an end of the support member 28, which
is projected from the plate section 32b, a top surface side
of the electromagnetic coil 31 is closed by a closing mem-
ber 29, and the coil spring 33 is disposed in a space that
is substantially defined by the electromagnetic coil 31
and the closing member 29.

[0039] In such a configuration, when the fuel injection
is stopped, the electromagnetic coil 31 is brought into an
unenergized state, and the armature 32 is brought into
a state where the seating section 32c thereof is seated
on the valve seat 26 by a pressing force of the coil spring
33 (see Fig. 2) .

[0040] In this way, the control chamber 24 is brought
into a state having high fuel pressure. Accordingly, the
nozzle needle 23 is pressed in a direction toward the
injection hole (not illustrated) by the fuel pressure, and
the injection hole is thereby brought into a closed state.
[0041] On the contrary, when the fuel is injected, the
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electromagnetic coil 31 is energized. Then, the armature
32isdisplaced to the electromagnetic coil 31 side against
the pressing force of the coil spring 33, and the seating
section 32c is separated from the valve seat 26. In this
way, the control chamber 24 communicates with a low-
pressure chamber 30 via the communication passage 27
(see Fig. 3).

[0042] As a result, the fuel in the control chamber 24
flows into the low-pressure chamber 30, and the fuel
pressure in the control chamber 24 is reduced. In this
way, while a downward pressing force, which is gener-
ated by the fuel pressure, from an upper surface side of
the nozzle needle 23 facing the control chamber 24 side
is reduced, an upward force, which is generated by the
fuel pressure, on a lower side of the nozzle needle 23
overcomes the above-described force that presses the
nozzle needle 23 downward from the control chamber
24 side. As a result, the nozzle needle 23 is instantane-
ously separated from the injection hole (not illustrated),
and the injection is thereby started.

[0043] In such a pressure-balanced fuel injector,
sludge is accumulated in a slight clearance between the
armature 32 and the support member 28, which particu-
larly deteriorates smoothness of the displacement of the
armature 32 as described above and causes a delay in
the displacement from a normal time when the fuel injec-
tor is energized at a start of a vehicle. Accordingly, such
problems that a desired fuel injection amount is not
achieved, that an engine starting state is deteriorated,
and the like occur.

[0044] The fuel injector energization control method in
the embodiment of the invention prevents or suppresses
such deterioration of the engine starting state, which is
caused by the sludge, at the start of the vehicle, more
specifically, a reduced engine speed at the start. Refer-
ring to Fig. 4 and Fig. 5, a description will hereinafter be
made on a procedure of the fuel injector energization
control processing in the embodiment of the invention
that is performed by the electronic control unit 4.

[0045] First, referring to Fig. 4, a first example will be
described.
[0046] Once the electronic control unit 4 initiates the

processing, the fuel injector is first energized before the
engine starts, and a valve closing time is measured (see
steps S102, S104 in Fig. 4).

[0047] First, in step S102, so-called non-injection en-
ergization of the fuel injectors 2-1 to 2-n is performed
before the engine starts. That is, the fuel injectors 2-1 to
2-n are each energized for a predetermined energization
time without supplying the fuel to the engine 3.

[0048] Next, avalve closing time CT of each of the fuel
injectors 2-1 to 2-n, which is associated with termination
of the energization, is measured and obtained (see step
S104 in Fig. 4).

[0049] The valve closing time CT is duration of time
from a time point at which the fuel injectors 2-1 to 2-n
stop being energized to a time point at which the armature
32 is seated on the valve seat 26. The valve closing time
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CT can be measured by using a conventionally well-
known method, and the method used for the measure-
ment does not have to be particularly limited. For exam-
ple, more specifically, a method of obtaining the valve
closing time CT by using a counter electromotive force
has been available. The counter electromotive force is
generated in the electromagnetic coil 31 after the fuel
injectors 2-1 to 2-n stop being energized.

[0050] As it has been well known, the counter electro-
motive force is generated in the electromagnetic coil 31
after the fuel injectors 2-1 to 2-n stop being energized. A
time point at which the counter electromotive force reach-
es a peak value matches valve closing timing by the noz-
zle needle 23. Thus, the above-described method of
measuring the valve closing time CT by using the counter
electromotive force, which is generated in the electro-
magnetic coil 31, uses this fact.

[0051] Next, it is determined whether a cause that de-
teriorates the starting state of the engine 3 is present on
the basis of a determination on whether the valve closing
time CT, which is obtained as described above, falls with-
in a specified range (see step S106 in Fig. 4) . If it is
determined that the valve closing time CT falls within the
specified range (if YES), the cause that deteriorates the
starting state of the engine 3 is absent, and the process-
ing proceeds to step S108.

[0052] Onthe contrary, ifitis determined that the valve
closing time CT does not fall within the specified range
(if NO), the cause that deteriorates the starting state of
the engine 3 is present, and the processing proceeds to
step S110.

[0053] In step S108, from such a determination result
in step S106 that the valve closing time CT falls within
the specified range, it is considered that an operation of
each of the fuel injectors 2-1 to 2-n is in a normal state.
Accordingly, a normal energization time is set, and the
fuel injectors 2-1 to 2-n are driven for energization.
[0054] On the contrary, in step S110, from such a de-
termination resultin step S106 that the valve closing time
CT does notfall within the specified range, itis considered
that the operation of each of the fuel injectors 2-1 to 2-n
is abnormal, and corrected energization is performed.
More specifically, energization conditions in the normal
time are corrected. Then, energization control of the fuel
injectors 2-1 to 2-n is executed on the basis of the cor-
rected energization conditions.

[0055] Here, referring to Fig. 6, a description will be
made on the corrected energization of the fuel injectors
2-1to 2-n.

[0056] When the fuel injectors 2-1 to 2-n are usually
energized, as it has generally been well known, induct-
ance of the electromagnetic coil 31 is large, and the ar-
mature 32 has to be displaced significantly at a start of
the energization. For this reason, the energization is per-
formed using a relatively large current, and this current
at the start of the energization is referred to as a "pull-
up" current, for example.

[0057] In other words, the pull-up current can be said
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as an energization current that is required to generate a
desired initial electromagnetic force at the start of the
energization of the fuel injectors 2-1 to 2-n.

[0058] Then, after the armature 32 is displaced to a
desired position by the pull-up current, the electromag-
netic force only has to be large enough to maintain the
state of the armature 32. Thus, a magnitude of the current
becomes smaller than that of the pull-up current, and the
energization is performed using a so-called "hold cur-
rent", a magnitude of which is smaller than that of the
current at the start of the energization, for example.

(A) of Fig. 6 illustrates a waveform example of an
energization current as described above that is used
for the fuel injectors 2-1 to 2-n in the normal time.

[0059] In the normal time, that is, if it is determined in
the processing in above step S106 that the valve closing
time CT falls within the specified range (YES), the ener-
gization conditions of the fuel injectors 2-1 to 2-n are de-
fined by calculation and the like on the basis of the op-
eration state of the engine 3 at the time point, and the
like. Here, the energization conditions includes, for ex-
ample, a total energization time, a pull-up current value,
an energization time using the pull-up current, and the
like.

[0060] The corrected energization in step S110 is per-
formed as it is considered that the time required for the
displacement of the armature 32 is longer than the normal
time or that a displacement amount of the armature 32
is insufficient when compared to that in normal energiza-
tion. Accordingly, the energization conditions are basi-
cally corrected by extending the total energization time,
increasing the magnitude of the pull-up current, and ex-
tending the energization time using the pull-up current.
[0061] Here, referring to (A) of Fig. 6, a description will
be made on each of the above-described energization
conditions.

[0062] First, the total energization time is duration of
time from the start of the energization to a time point at
which the energization current becomes zero, and is in-
dicated as "ETn" in (A) of Fig. 6.

[0063] Next, asithas already been described, the pull-
up current is the required current at the start of the en-
ergization of the fuel injectors 2-1 to 2-n, and is indicated
as "Ip1"in (A) of Fig. 6. The pull-up current value is an
average value of the pull-up current, from which over-
shoot thereof at the start of the energization is excluded.
[0064] Furthermore, the energization time using the
pull-up current (hereinafter referred to as a "pull-up en-
ergization time" for convenience of the description) is du-
ration of time from the start of the energization to a time
point at which the pull-up current is switched to the hold
current, and is indicated as "ETpn" in (A) of Fig. 6.
[0065] Inaddition, when the total energization time, the
pull-up current value, and the pull-up energization time
in the corrected energization are respectively indicated
as ETs, Ip2, and ETps (see (B) of Fig. 6), these are set
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to satisfy ETs > Etn, Ip2 > Ip1, and ETps > ETpn.
[0066] Note that a method of computing the total en-
ergization time, the pull-up current value, and the pull-up
energization time in the corrected energization by cor-
recting the total energization time, the pull-up current val-
ue, and the pull-up energization time in the normal time
is not particularly limited. However, it is considered to
adopt a method of extending the total energization time,
increasing the pull-up current value, extending the pull-
up energization time, and the like in accordance with a
deviation of the valve closing time CT from a reference
time.

[0067] Note that, as described above, the total ener-
gization time, the pull-up current value, and the pull-up
energization time in the corrected energization are each
extended or increased through the correction in the em-
bodiment of the invention. However, all of these may not
have to be corrected. As the simplest method, any one
of these or any combination of two of these is preferably
extended or increased through the correction.

[0068] Next,itis determined whetherthe engine speed
exceeds a specified speed Ns (see step S112in Fig. 4) .
If it is determined that the engine speed exceeds the
specified speed Ns (if YES), the processing returns to
the state where the normal energization is performed on
the fuel injectors 2-1 to 2-n (see step S108 in Fig. 4), and
a series of the processing is terminated.

[0069] On the contrary, if it is determined that the en-
gine speed does not exceed the specified speed Ns (if
NO), the corrected energization is continued until the
above-described determination of YES is made.

[0070] Note that, as described above, the determina-
tion on whether to continue the corrected energization
(see step S110 in Fig. 4) is made on the basis of the
engine speed. However, a ground for the determination
is not limited thereto. For example, the corrected ener-
gization is preferably performed for predetermined dura-
tion of time.

[0071] Referring to Fig. 5, a description will be made
on a procedure of a second example of the fuel injector
energization control processing.

[0072] When cranking is started through an operation
of an ignition key (not illustrated) of the vehicle, the en-
ergization of the fuel injectors 2-1 to 2-n is prepared, and
the fuel injectors 2-1 to 2-n are each brought into a state
capable of injecting the fuel (an injection start prepared
state) (see step S202 in Fig. 5).

[0073] Next, it is determined whether the cause that
deteriorates the starting state of the engine 3 is present
on the basis of a determination on whether the engine
speed achieved by the cranking exceeds a specified
speed Nn (see step S204 in Fig. 5).

[0074] In regard to the determination on the engine
speed herein, because the engine speed is in the middle
of a gradual increase by the cranking, a value obtained
by adding a specified speed, which is set by a test, a
simulation, or the like, to the speed achieved by the crank-
ing, or the like is preferably used as the specified speed
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Nn.

[0075] If it is determined in step S204 that the engine
speed exceeds the specified speed Nn (if YES), the
cause that deteriorates the starting state of the engine 3
is absent, and the operation of each of the fuel injectors
2-1 to 2-n is in the normal state. Accordingly, the fuel
injectors 2-1 to 2-n are energized under setting of the
normal energization time (see step S206 in Fig. 5).
[0076] On the contrary, ifitis determined in step S204
that the engine speed does not exceed the specified
speed Nn (if NO), the cause that deteriorates the starting
state of the engine 3 is present, and the operation of each
of the fuel injectors 2-1 to 2-n is abnormal. Accordingly,
the corrected energization is performed. Note that the
corrected energization has already been described in
step S110 (see Fig. 4) and thus the detailed description
thereon will not be repeated.

[0077] Next, itis determined again whether the engine
speed exceeds the specified speed Nn (see step S210
inFig. 5). Ifitis determined that the engine speed exceeds
the specified speed Nn (if YES), the processing returns
to the state where the normal energization is performed
on the fuel injectors 2-1 to 2-n (see step S206 in Fig. 5),
and a series of the processing is terminated.

[0078] On the contrary, if it is determined that the en-
gine speed does not exceed the specified speed Nn (if
NO), the corrected energization is continued until the
above-described determination of YES is made.

[0079] It has been described that the fuel injectors 2-1
to 2-n are the pressure-balanced fuel injectors in the
above-described embodiment of the invention. However,
the fuel injector energization control method in the em-
bodiment of the invention is not only applied to the pres-
sure-balanced fuel injectors but may also be applied to
the so-called ball valve fuel injectors.

Industrial Applicability

[0080] The invention can be applied to the common
rail fuel injection control apparatus that is desired to re-
liably suppress or prevent deterioration of a fuel injection
characteristic due to generation of the sludge at the start
of the vehicle.

Reference Signs List
[0081]
1: Common rail
2-1to 2-n: Fuel injector
4: Electronic control unit
Claims
1. Afuel injector energization control method that con-

trols energization of a fuel injector at a start of a ve-
hicle, the fuel injector energization control method
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characterized by comprising:

determining whether a cause that deteriorates
a starting state of an engine is present at the
start of the vehicle; and

when it is determined that the cause that dete-
riorates the starting state of the engine is
present, correcting an energization condition of
the fuel injector and energizing the fuel injector
on the basis of the corrected energization con-
dition.

The fuel injector energization control method accord-
ing to claim 1 characterized in that

the determination on presence or absence of the
cause that deteriorates the starting state of the en-
gine is made by performing non-injection energiza-
tion of the fuel injector at the start of the vehicle,
measuring a valve closing time at the time, and de-
termining whether the valve closing time exceeds a
specified range,

when it is determined that the valve closing time ex-
ceeds the specified range, the cause that deterio-
rates the starting state of the engine is present,

the energization condition is at least one or a com-
bination of two or more of a total energization time,
a pull-up current value, and a pull-up energization
time, and

the total energization time is duration of time from a
start of the energization of the fuel injector to a time
point at which a current value becomes zero due to
a stop of the energization, the pull-up current value
is an energization current value that is required to
generate an initial electromagnetic force at the start
of the energization of the fuel injector, and the pull-
up energization time is an energization time using
the pull-up current.

The fuel injector energization control method accord-
ing to claim 2 characterized in that

the energization of the fuel injector based on the cor-
rected energization condition is continued until an
engine speed exceeds a specified speed.

The fuel injector energization control method accord-
ing to claim 2 characterized in that

the energization of the fuel injector based on the cor-
rected energization condition is performed for a
specified time.

The fuel injector energization control method accord-
ing to claim 1 characterized in that

the determination on presence or absence of the
cause that deteriorates the starting state of the en-
gine is made by determining whether an engine
speed exceeds a specified speed after a start of
cranking,

when it is determined that the engine speed falls be-
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low the specified speed, the cause that deteriorates
the starting state of the engine is present,

the energization condition is at least one or a com-
bination of two or more of a total energization time,
a pull-up current value, and a pull-up energization
time, and

the total energization time is duration of time from a
start of the energization of the fuel injector to a time
point at which a current value becomes zero due to
a stop of the energization, the pull-up current value
is an energization current value that is required to
generate an initial electromagnetic force at the start
of the energization of the fuel injector, and the pull-
up energization time is an energization time using
the pull-up current.

The fuel injector energization control method accord-
ing to claim 5 characterized in that

the energization of the fuel injector based on the cor-
rected energization condition is continued until the
engine speed exceeds the specified speed.

A common rail fuel injection control apparatus in
which fuel in a fuel tank is pressurized and pressure-
fed to a common rail by a high-pressure pump and
which is provided with an electronic control unit ca-
pable of executing injection control of high pressure
fuel to an engine via a fuel injector connected to said
common rail, the common rail fuel injection control
apparatus characterized in that

the electronic control unit is configured to:

determine whether a cause that deteriorates a
starting state of the engine is present at a start
of a vehicle;

when it is determined that the cause that dete-
riorates the starting state of the engine is
present, correct an energization condition in en-
ergization control of the fuel injector; and

be able to execute the energization control of
the fuel injector on the basis of the corrected
energization condition.

The common rail fuel injection control apparatus ac-
cording to claim 7 characterized in that

the electronic control unit is configured to perform
non-injection energization of the fuel injector at the
start of the vehicle, measure a valve closing time at
the time, and determine that the cause that deterio-
rates the starting state of the engine is present when
the valve closing time exceeds a specified range,
the energization condition is at least one or a com-
bination of two or more of a total energization time,
a pull-up current value, and a pull-up energization
time, and

the total energization time is duration of time from a
start of the energization of the fuel injector to a time
point at which a current value becomes zero due to
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10.

1.

12.

a stop of the energization, the pull-up current value
is an energization current value that is required to
generate an initial electromagnetic force at the start
of the energization of the fuel injector, and the pull-
up energization time is an energization time using
the pull-up current.

The common rail fuel injection control apparatus ac-
cording to claim 8 characterized in that

the electronic control unit is configured to continue
the energization of the fuel injector on the basis of
the corrected energization condition until an engine
speed exceeds a specified speed.

The common rail fuel injection control apparatus ac-
cording to claim 8 characterized in that

the electronic control unit is configured to perform
the energization of the fuel injector on the basis of
the corrected energization condition for a specified
time.

The common rail fuel injection control apparatus ac-
cording to claim 7 characterized in that

the electronic control unit is configured to determine
that the cause that deteriorates the starting state of
the engine is present when an engine speed falls
below a specified speed after a start of cranking,
the energization condition is at least one or a com-
bination of two or more of a total energization time,
a pull-up current value, and a pull-up energization
time, and

the total energization time is duration of time from a
start of the energization of the fuel injector to a time
point at which a current value becomes zero due to
a stop of the energization, the pull-up current value
is an energization current value that is required to
generate an initial electromagnetic force at the start
of the energization of the fuel injector, and the pull-
up energization time is an energization time using
the pull-up current.

The common rail fuel injection control apparatus ac-
cording to claim 11 characterized in that

the electronic control unit is configured to continue
the energization of the fuel injector on the basis of
the corrected energization condition until the engine
speed exceeds the specified speed.
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