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injection system

(57) To provide an accumulator fuel injection system
that can maintain a rail pressure equal to or greater than
an injectable pressure for a relatively long time while an
internal combustion engine is automatically stopped.
An accumulator fuel injection system controller capable
of executing idling stop control of an internal combustion
engine is equipped with fuel injection valve controlling
means that causes fuel injection valves to stop fuel in-
jection after the establishment of an idling stop condition
and causes the fuel injection valves to resume fuel injec-

tion after the establishment of a restart condition, and rail
pressure controlling means that regulates the pressure
inside a common rail on the basis of a calculated target
rail pressure, wherein the rail pressure controlling means
sets the target rail pressure after the establishment of
the idling stop condition to a value that is larger than the
target rail pressure at the time of the establishment of
the idling stop condition.
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Description

[0001] The present invention relates to an accumulator
fuel injection system controller and control method and
to an accumulator fuel injection system. The present in-
vention particularly relates to an accumulator fuel injec-
tion system controller and control method that are capa-
ble of executing idling stop control of an internal combus-
tion engine and to an accumulator fuel injection system.
[0002] Conventionally, as a system that injects fuel into
cylinders of internal combustion engines including diesel
engines, there has been used an accumulator fuel injec-
tion system equipped with a common rail for accumulat-
ing fuel that has been pressurized by a high pressure
pump. Plural fuel injection valves are connected to this
common rail, and control of the current supplied to each
of the fuel injection valves is performed in a state where
the high pressure fuel has been supplied to each of the
fuel injection valves, whereby the fuel is injected into the
cylinders of the internal combustion engine in various
injection patterns.
[0003] In such an accumulator fuel injection system,
the pressure inside the common rail (hereinafter called
"rail pressure") is controlled by regulating the flow rate of
the fuel that is supplied to pressurizing chambers of the
high pressure pump on the basis of a target value of the
rail pressure (hereinafter called "target rail pressure") to
regulate the amount of the fuel that is pressure-fed to the
common rail, or by returning some of the fuel that has
been pressure-fed to the common rail to a low pressure
system, or by combining these controls.
[0004] Incidentally, in recent years, idling stop control
that causes the internal combustion engine to stop while
the vehicle temporarily stops has begun to be put into
practical use for the purposes of improving fuel consump-
tion and reducing the amount of exhaust gas and noise.
In idling stop control, fuel injection is caused to stop and
the internal combustion engine automatically stops when
a predetermined idling stop condition is established, and
fuel injection is caused to resume and the internal com-
bustion engine is restarted when a predetermined restart
condition is established.
[0005] In a vehicle that is capable of executing idling
stop control of the internal combustion engine, restarta-
bility from the automatically stopped state is a factor that
has an important impact on merchantability. When the
internal combustion engine is a diesel engine, for exam-
ple, in order to improve restartability from the automati-
cally stopped state of the engine, what become factors
are the compression ratio in the engine being sufficient
and fuel injection by the accumulator fuel injection system
being possible. Of these two factors, whether or not the
compression ratio is sufficient is an engine problem, and
whether or not fuel injection is possible is an accumulator
fuel injection system problem.
[0006] For that reason, there has been proposed a
controller that can maintain a state where fuel injection
is possible and improve the restartability of the internal

combustion engine at the time of idling stop control. Spe-
cifically, there has been disclosed a controller that is
equipped with an automatic engine stopping and restart-
ing device that automatically stops the engine and auto-
matically restarts the engine, wherein when the engine
is stopped without the automatic engine stopping and
restarting device being actuated, the controller decreas-
es the rail pressure, and when the engine is stopped as
a result of the automatic engine stopping and restarting
device being actuated, the controller makes the decrease
amount of the rail pressure less than the decrease
amount of the rail pressure when the engine is stopped
without the automatic engine stopping and restarting de-
vice being actuated (e.g., see Japanese Patent No.
3,724,392).
[0007] Incidentally, among fuel injection valves that
are used in accumulator fuel injection systems, there are
fuel injection valves of a structure that has, in addition to
a back pressure escape passage for allowing back pres-
sure acting as a load on the rear end side of the nozzle
needle that opens and closes the injection hole to escape,
a leak passage for returning the fuel that is sent to the
fuel injection valve to the low pressure system and fuel
injection valves of a structure that does not have this leak
passage.
[0008]  In the case of an accumulator fuel injection sys-
tem that uses fuel injection valves of the structure that
has the leak passage, even when fuel injection has been
stopped and the pressure control valve connected to the
common rail has been closed, the rail pressure drops
because of leakage of the fuel from the leak passages.
[0009] On the other hand, in the case of an accumu-
lator fuel injection system that uses fuel injection valves
of the structure that does not have the leak passage,
when fuel injection has been stopped and the pressure
control valve connected to the common rail has been
closed, basically the rail pressure does not sharply drop.
However, sometimes some of the fuel leaks to the low
pressure system from seal portions such as discharge
valves of the high pressure pump and back pressure con-
trol portions of the fuel injection valves and the pressure
control valve. These seal portions are configured as self-
sealing structures where the valve members are biased
in the valve closing direction utilizing the rail pressure,
so they have the property that their ability to hold the rail
pressure drops in accompaniment with a drop in the rail
pressure.
[0010] In Japanese Patent No. 3,724,392, the control-
ler is configured such that control to make the decrease
amount of the rail pressure smaller or maintain the rail
pressure is executed based on a state of the rail pressure
when the automatic engine stopping and restarting de-
vice begins to operate. Usually, since the rail pressure
at the time when the automatic engine stopping and re-
starting device begins to operate is a state close to the
target rail pressure in the idling state of the internal com-
bustion engine, there is the fear that the amount of time
during which the rail pressure can be maintained equal
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to or greater than the injectable pressure in the automat-
ically stopped state of the engine is not long.
[0011] Thus, the inventor of the present invention
made every effort to find that this problem can be solved
by setting the target rail pressure after the establishment
of the predetermined idling stop condition to a value that
is larger than the target rail pressure at the time of the
establishment of the idling stop condition and thus com-
pleted the present invention. That is, it is an object of the
present invention to provide an accumulator fuel injection
system controller and control method and an accumula-
tor fuel injection system that can maintain the rail pres-
sure equal to or greater than the injectable pressure for
a relatively long time while the internal combustion en-
gine is automatically stopped.

SUMMARY OF THE INVENTION

[0012] According to the present invention, there is pro-
vided a controller of an accumulator fuel injection system
equipped with a common rail that accumulates fuel that
is pressure-fed by a high pressure pump and fuel injection
valves that are connected to the common rail and inject
the fuel into cylinders of an internal combustion engine,
the accumulator fuel injection system controller being ca-
pable of executing idling stop control of the internal com-
bustion engine, the accumulator fuel injection system
controller including idling stop condition establishment
detecting means that detects that a predetermined idling
stop condition has been established, restart condition es-
tablishment detecting means that detects that a prede-
termined restart condition has been established while the
internal combustion engine is in an automatically stopped
state, fuel injection valve controlling means that causes
the fuel injection valves to stop fuel injection after the
establishment of the idling stop condition and causes the
fuel injection valves to resume fuel injection after the es-
tablishment of the restart condition, and rail pressure con-
trolling means that regulates the pressure inside the com-
mon rail on the basis of a calculated target rail pressure,
wherein the rail pressure controlling means sets the tar-
get rail pressure after the establishment of the idling stop
condition to a value that is larger than the target rail pres-
sure at the time of the establishment of the idling stop
condition, and thus the problem described above can be
solved.
[0013] Further, in configuring the accumulator fuel in-
jection system controller of the present invention, it is
preferred that the fuel injection valve controlling means
causes the fuel injection to stop after it has made the
target rail pressure larger.
[0014] Further, in configuring the accumulator fuel in-
jection system controller of the present invention, it is
preferred that the fuel injection valve controlling means
causes the fuel injection to stop after the pressure inside
the common rail has risen after the establishment of the
idling stop condition.
[0015] Further, in configuring the accumulator fuel in-

jection system controller of the present invention, it is
preferred that the rail pressure controlling means cor-
rects, on the basis of the temperature of the fuel, the
value of the target rail pressure that it makes larger.
[0016] Further, another aspect of the present invention
is a method of controlling an accumulator fuel injection
system equipped with a common rail that accumulates
fuel that is pressure-fed by a high pressure pump and
fuel injection valves that are connected to the common
rail and inject the fuel into cylinders of an internal com-
bustion engine, the accumulator fuel injection system
control method being capable of executing idling stop
control of the internal combustion engine, the accumu-
lator fuel injection system control method including, when
a predetermined idling stop condition has been estab-
lished, setting a target rail pressure to a value that is
larger than the target rail pressure at the time of the es-
tablishment of the idling stop condition.
[0017] Further, still another aspect of the present in-
vention is an accumulator fuel injection system equipped
with a common rail that accumulates fuel that is pressure-
fed by a high pressure pump and fuel injection valves
that are connected to the common rail and inject the fuel
into cylinders of an internal combustion engine, the ac-
cumulator fuel injection system being equipped with a
controller that is capable of executing idling stop control
of the internal combustion engine, the controller including
idling stop condition establishment detecting means that
detects that a predetermined idling stop condition has
been established, restart condition establishment detect-
ing means that detects that a predetermined restart con-
dition has been established while the internal combustion
engine is in an automatically stopped state, fuel injection
valve controlling means that causes the fuel injection
valves to stop fuel injection after the establishment of the
idling stop condition and causes the fuel injection valves
to resume fuel injection after the establishment of the
restart condition, and rail pressure controlling means that
regulates the pressure inside the common rail on the ba-
sis of a calculated target rail pressure, wherein the rail
pressure controlling means sets the target rail pressure
after the establishment of the idling stop condition to a
value that is larger than the target rail pressure at the
time of the establishment of the idling stop condition.
[0018] According to the accumulator fuel injection sys-
tem controller and control method and the accumulator
fuel injection system of the present invention, when the
idling stop condition has been established, the target rail
pressure is raised to a value that is larger than the target
rail pressure at the time of the establishment of the idling
stop condition. Thus, the amount of time until the rail pres-
sure falls below the injectable pressure after fuel injection
is stopped by idling stop control becomes longer, and the
amount of time during which the internal combustion en-
gine can be quickly restarted can be made relatively long.
[0019] Further, in the accumulator fuel injection sys-
tem controller of the present invention, the fuel injection
valve controlling means causes fuel injection to stop after
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the target rail pressure has been made larger after the
establishment of the idling stop condition, whereby fuel
injection is stopped after the rail pressure has become a
relatively high state. For that reason, the amount of time
until the rail pressure falls below the injectable pressure
can be made relatively long as compared to the case
where fuel injection is soon stopped at the time of the
establishment of the idling stop condition.
[0020] Further, in the accumulator fuel injection sys-
tem controller of the present invention, the fuel injection
valve controlling means causes fuel injection to stop after
the rail pressure has been actually raised after the es-
tablishment of the idling stop condition, whereby fuel in-
jection is stopped after it has been confirmed that the
actual rail pressure has become a relatively high state.
For that reason, the amount of time until the rail pressure
falls below the injectable pressure can reliably be made
long.
[0021] Further, in the accumulator fuel injection sys-
tem controller of the present invention, the target rail pres-
sure to be raised is regulated in response to the fuel tem-
perature, whereby the amount of time until the rail pres-
sure falls below the injectable pressure can be main-
tained the same even when it has become easier for the
rail pressure to drop because of a drop in the fuel density
accompanying a rise in the fuel temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a diagram showing a configuration example
of an accumulator fuel injection system pertaining to
an embodiment of the present invention;
FIG. 2 is a diagram showing a configuration example
of a controller of the accumulator fuel injection sys-
tem pertaining to the embodiment;
FIG. 3 is a timing chart showing a method of control-
ling the accumulator fuel injection system pertaining
to the embodiment; and
FIG. 4 is a flowchart showing the method of control-
ling the accumulator fuel injection system pertaining
to the embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT
(S)

[0023] An embodiment relating to an accumulator fuel
injection system controller and control method and an
accumulator fuel injection system of the present invention
will be specifically described below with reference to the
drawings. However, this embodiment represents one as-
pect of the present invention and is not intended to limit
the present invention, and can be arbitrarily altered within
the scope of the present invention. In the drawings, mem-
bers to which the same reference numerals are given
represent the same members, and description will be ap-
propriately omitted.

1. Accumulator Fuel Injection System

[0024] FIG. 1 shows the overall configuration of an ac-
cumulator fuel injection system 50 pertaining to an em-
bodiment of the present invention. This accumulator fuel
injection system 50 is a system for injecting fuel into cyl-
inders 41 of an internal combustion engine 40 installed
in a vehicle and includes as its main elements a fuel tank
1, a low pressure pump 2, a high pressure pump 5, a flow
rate control valve 8, a common rail 10, a pressure control
valve 12, fuel injection valves 13, and a controller 60.
[0025] The low pressure pump 2 and pressurizing
chambers 5a of the high pressure pump 5 are intercon-
nected by low pressure fuel passages 18a and 18b, the
pressurizing chambers 5a of the high pressure pump 5
and the common rail 10 are interconnected by high pres-
sure fuel passages 37, and the common rail 10 and the
fuel injection valves 13 are interconnected by high pres-
sure fuel passages 39. Further, return passages 30a to
30c for returning surplus fuel that is not injected from the
fuel injection valves 13 to the fuel tank 1 are connected
to the high pressure pump 5, the common rail 10, and
the fuel injection valves 13.
[0026] The flow rate control valve 8 for regulating the
flow rate of the fuel that is sent to the pressurizing cham-
bers 5a is disposed in the middle of the low pressure fuel
passage 18b inside the high pressure pump 5. As the
flow rate control valve 8, there is used, for example, an
electromagnetic proportional flow rate control valve
where the stroke amount of the valve member is config-
ured to be variable depending on the supply current value
and the area of the fuel flow-through path is capable of
being regulated. The flow rate control valve 8 of the
present embodiment is configured as a normally open
flow rate control valve where the fuel flow path becomes
completely open when no current is supplied to the flow
rate control valve 8. However, the flow rate control valve
8 may be a normally closed flow rate control valve where
the fuel flow path becomes completely closed when no
current is supplied to the flow rate control valve 8.
[0027] A pressure regulating valve 14 placed in parallel
to the flow rate control valve 8 is disposed in a fuel pas-
sage that branches from the low pressure fuel passage
18b on the upstream side of the flow rate control valve
8. This pressure regulating valve 14 is connected to the
return passage 30a leading to the fuel tank 1, and an
overflow valve that opens when an anteroposterior dif-
ferential pressure-that is, the differential pressure be-
tween the pressure inside the low pressure fuel passage
18b and the pressure inside the return passage 30a-has
exceeded a predetermined value is used for the pressure
regulating valve 14. In a state where the fuel is being
pressure-fed by the low pressure pump 2, the pressure
inside the low pressure fuel passages 18a and 18b is
regulated to be larger than the pressure inside the return
passage 30a a predetermined differential pressure.
[0028] The low pressure pump 2 pumps the fuel inside
the fuel tank 1, pressure-feeds and supplies the fuel to
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the pressurizing chambers 5a of the high pressure pump
5 via the low pressure fuel passages 18a and 18b. This
low pressure pump 2 is an in-tank electrically powered
pump disposed inside the fuel tank 1 and is driven by a
voltage supplied from a battery. However, the low pres-
sure pump 2 may be disposed outside the fuel tank 1 or
may be a gear pump that is driven by the motive force of
the internal combustion engine 40.
[0029] The high pressure pump 5 pressurizes, with
plungers 7, the fuel that is introduced to the pressurizing
chambers 5a via fuel suction valves 6 by the low pressure
pump 2 and pressure-feeds the fuel in the high pressure
state to the common rail 10 via fuel discharge valves 9
and the high pressure fuel passages 37. The fuel dis-
charge valves 9 have a self-sealing structure whose seal
is enhanced as the rail pressure on the discharge side
becomes higher.
[0030] A cam 15 that drives the high-pressure pump 5
is fixed to a cam shaft coupled via a gear to a drive shaft
of the internal combustion engine 40. The high pressure
pump 5 shown in FIG. 1 is equipped with two the plungers
7, the two plungers 7 are pressed up by the cam 15, the
fuel is pressurized inside the two pressurizing chambers
5a, and the high pressure fuel is pressure-fed to the com-
mon rail 10. This high pressure pump 5 has a fuel-lubri-
cated structure that uses the fuel for injection as a lubri-
cating oil, and the fuel that is sent into the high pressure
pump 5 via the low pressure fuel passage 18a flows once
inside a cam chamber 16 and is further sent from there
to the pressurizing chambers 5a via the low fuel pressure
passage 18b.
[0031] The high pressure pump 5 shown in FIG. 1 is
equipped with a temperature sensor 25. A sensor signal
St of the temperature sensor 25 is sent to the controller
60, and a temperature Tq of the fuel circulating inside
the low pressure fuel passage 18b is detected on the
basis of this sensor signal St. However, a temperature
sensor for detecting the fuel temperature may also be
disposed in any place in the fuel passages inside the
accumulator fuel injection system 50.
[0032] The common rail 10 accumulates the fuel in the
high pressure state that has been pressurized by the high
pressure pump 5 and supplies the fuel via the high pres-
sure fuel passages 39 to the fuel injection valves 13 con-
nected to the common rail 10. A rail pressure sensor 21
and the pressure control valve 12 are attached to this
common rail 10. A sensor signal Sp of the rail pressure
sensor 21 is sent to the controller 60, and a rail pressure
Pr is detected on the basis of this sensor signal Sp.
[0033] As the pressure control valve 12, there is used,
for example, an electromagnetic proportional control
valve where the stroke amount of the valve member is
configured to be variable depending on the supply current
value and the area of the fuel flow-through path is capable
of being regulated. The pressure control valve 12 of the
present embodiment is configured as a normally open
pressure control valve where the fuel flow path becomes
completely open when no current is supplied to the pres-

sure control valve 12. The normally open pressure control
valve opens when the sum of the rail pressure and the
biasing force of a spring that biases, in the valve opening
direction, the valve member which opens and closes the
fuel passage exceeds the force that biases the valve
member in the valve closing direction.
[0034] Each of the fuel injection valves 13 is equipped
with a nozzle body in which an injection hole is disposed
and a nozzle needle that opens and closes the injection
hole by moving forward and backward. Each of the fuel
injection valves 13 is configured such that the injection
hole is closed when back pressure is applied as a load
to the rear end side of the nozzle needle and is opened
when the back pressure that has been applied as a load
is allowed to escape. When the rail pressure is equal to
or greater than an injectable pressure, normal fuel injec-
tion by the fuel injection valves 13 becomes possible.
[0035] As the fuel injection valves 13, there are used
electrostrictive piezo injectors equipped with piezo ele-
ments as back pressure controlling means or electro-
magnetically controlled magnet injectors equipped with
electromagnetic solenoids as back pressure controlling
means. Further, in the present embodiment, there are
used fuel injection valves that are equipped with passag-
es for allowing the back pressure to escape and also leak
passages for allowing the fuel to leak to the return pas-
sage 30c from sliding portions such as the nozzle needles
and valve pistons. Accordingly, the fuel injection valves
13 have a configuration where, even when injection is
stopped and the pressure control valve 12 is closed, the
rail pressure easily drops because of fuel leakage from
the leak passages.
[0036] However, the present invention can also be ap-
plied to an accumulator fuel injection system of a config-
uration where the fuel injection valves do not have the
leak passages and it is difficult for the rail pressure to
drop when fuel injection is stopped and the pressure con-
trol valve 12 is closed.
[0037] In the accumulator fuel injection system 50 con-
figured in this manner, back pressure control portions of
the discharge valves of the high pressure pump 5, the
pressure control valve 12, and the fuel injection valves
13 exist between the region where the high pressure fuel
pressure-fed from the high pressure pump 5 circulates
and the region where the low pressure fuel circulates.
Seat portions of these valves have a self-sealing struc-
ture whose seal is enhanced as the rail pressure be-
comes higher. For that reason, even when fuel injection
is stopped and the pressure control valve 12 is closed,
it becomes easy for the fuel to leak out to the low pressure
side via these seat portions depending on the rail pres-
sure.

2. Controller

[0038] FIG. 2 shows a configuration example where
portions relating to idling stop control of the controller 60
of the accumulator fuel injection system 50 of the present
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embodiment are represented as functional blocks.
This controller 60 is equipped with idling stop condition
establishment detecting means 61, restart condition es-
tablishment detecting means 62, target rail pressure cal-
culating means 64, rail pressure detecting means 65, flow
rate control valve controlling means 66, pressure control
valve controlling means 67, and fuel injection valve con-
trolling means 68. The controller 60 is basically config-
ured of a microcomputer of a publicly known configura-
tion, and each portion of the controller 60 is realized by
the execution of programs by the microcomputer.
[0039] Further, the controller 60 is configured to be ca-
pable of reading signals of various switches and sensors
such as the rail pressure sensor 21, the temperature sen-
sor 25, a speed sensor that detects an engine speed Ne,
a vehicle velocity sensor that is disposed in the vehicle
and detects a vehicle velocity V, an accelerator pedal
sensor that detects an operation amount Acc of an ac-
celerator pedal, and a brake sensor that detects an op-
eration amount Br of a brake pedal. Further, the controller
60 is provided with an unillustrated random access mem-
ory (RAM) for storing calculation results and detection
results of each portion.
[0040] Of these, the rail pressure detecting means 65
continuously reads the sensor value Sp of the rail pres-
sure sensor 21 to obtain the rail pressure Pr.
[0041] When the idling stop condition establishment
detecting means 61 detects the establishment of a pre-
determined idling stop condition, it transmits an idling
stop condition establishment signal to the flow rate con-
trol valve controlling means 66, the pressure control valve
controlling means 67, and the fuel injection valve con-
trolling means 68. Further, when the restart condition es-
tablishment detecting means 62 detects the establish-
ment of a predetermined restart condition while the in-
ternal combustion engine 40 is in an automatically
stopped state, it transmits a restart condition establish-
ment signal to the fuel injection valve controlling means
68 and the pressure control valve controlling means 67.
[0042] The idling stop condition can be, for example,
the achievement of at least one of the following states:
an engine switch Sw is in an ON state, a detected position
Sg of a gear sensor is neutral, a detected position Sb of
a brake pedal sensor is a stepped-on state, the engine
speed Ne is equal to or less than a predetermined thresh-
old value, and a state where the vehicle velocity V is 0
has continued for a predetermined or longer amount of
time. However, the idling stop condition is not limited
thereto.
[0043] Further, the restart condition can be the
achievement of some of the following states: the detected
position Sg of the gear sensor has been released from
the neutral state or the accelerator pedal Acc has been
stepped on, etc. while the internal combustion engine 40
is in the automatically stopped state. However, the restart
condition is not limited thereto.
[0044] The flow rate control valve controlling means
66 and the pressure control valve controlling means 67

basically execute feedback control of the flow rate control
valve 8 or the pressure control valve 12 such that the rail
pressure Pr becomes a target rail pressure Ptgt. Specif-
ically, the flow rate control valve controlling means 66
regulates the rail pressure Pr by regulating the opening
degree of the flow rate control valve 8 to control the flow
rate of the fuel that is supplied to the pressurizing cham-
bers 5a of the high pressure pump 5 and change the flow
rate of the high pressure fuel that is pressure-fed from
the high pressure pump 5 to the common rail 10. Further,
the pressure control valve controlling means 67 regulates
the rail pressure Pr by regulating the opening degree of
the pressure control valve 12 to control the flow rate of
the fuel that is discharged from the common rail 10 to the
return passage 30b.
[0045] Whether control of the rail pressure Pr is per-
formed by the flow rate control valve controlling means
66, or by the pressure control valve controlling means
67, or by the two controlling means is decided in response
to the traveling state of the vehicle and the operating
state of the internal combustion engine 40.
[0046] However, at least during the period until the es-
tablishment of the restart condition after the establish-
ment of the idling stop condition, it is configured that con-
trol of the rail pressure Pr is performed by the pressure
control valve controlling means 67. Specifically, when
the idling stop condition is established, the flow rate con-
trol valve 8 of the present embodiment that has a normally
open configuration is completely opened as a result of
the current supplied thereto being cut off, and feedback
control of the pressure control valve 12 by the pressure
control valve controlling means 67 is started.
[0047] Further, while the internal combustion engine
40 is stopped because of the establishment of the idling
stop condition, a current of a value obtained from the
target rail pressure Ptgt may continuously be supplied,
but when the rail pressure Pr has fallen below an inject-
able pressure Pr_inj after the internal combustion engine
40 stops, there is the fear that the supply of current to
the pressure control valve 12 will lead to mere wasteful
consumption of the battery. For that reason, when the
rail pressure Pr has fallen below the injectable pressure
Pr_inj, it is preferable to suspend feedback control of the
pressure control valve 12 by the target rail pressure Ptgt
and make the supply current value zero or set the supply
current value to an extremely small value.
[0048] The target rail pressure calculating means 64
calculates the target rail pressure Ptgt on the basis of the
engine speed Ne, the accelerator pedal operation
amount Acc, etc. in the usual operating state of the in-
ternal combustion engine 40.
Further, when the target rail pressure calculating means
64 receives the idling stop condition establishment sig-
nal, it causes the target rail pressure to rise toward a
predetermined target holding rail pressure Ptgt_high.
Thus, during the period until the establishment of the re-
start condition after the establishment of the idling stop
condition, feedback control of the amount of current sup-
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plied to the pressure control valve 12 is performed such
that the rail pressure Pr rises toward the target holding
rail pressure Ptgt_high.
[0049] The target holding rail pressure Ptgt high is a
value at which the rail pressure Pr can be maintained
equal to or greater than the injectable pressure Pr_inj
even when the internal combustion engine 40 automat-
ically stops for a relatively long time and is determined
in consideration of the amount of drop in the rail pressure
while the internal combustion engine 40 is in the auto-
matically stopped state. By ensuring that a relatively large
value is set as the target holding rail pressure Ptgt_high,
fuel injection can be stopped after the rail pressure Pr
has been raised, so that a longer amount of time during
which the rail pressure Pr is maintained equal to or great-
er than the injectable pressure Pr_inj can be secured.
[0050] However, when the target holding rail pressure
Ptgt_high is set to be an excessively large value, there
is the fear that the rail pressure Pr may exceed the al-
lowable pressure of the accumulator fuel injection system
50, so that it is preferable to determine the target holding
rail pressure Ptgt_high in consideration of the load that
is generated in the fuel high pressure system.
[0051] This target holding rail pressure Ptgt_high can
be a fixed value, for example. When the target holding
rail pressure Ptgt_high is a fixed value, it is possible to
quickly switch to the target holding rail pressure Ptgt_
high when the idling stop condition is established. How-
ever, the target holding rail pressure Ptgt_high is not lim-
ited to a fixed value; it may be, for example, a sum of a
predetermined offset value and the target rail pressure
Ptgt at the time of the establishment of the idling stop
condition.
[0052] By setting the target rail pressure Ptgt after the
establishment of the idling stop condition larger than that
at the time of the establishment of the idling stop condi-
tion, the value of the current supplied to the pressure
control valve 12 becomes larger than at the time of the
establishment of the idling stop condition, and the rail
pressure Pr is once raised before the internal combustion
engine 40 stops. For that reason, the amount of time
during which the rail pressure Pr is maintained equal to
or greater than the injectable pressure Pr_inj can be
made long as compared to the case where fuel injection
is stopped without raising the target rail pressure Ptgt.
[0053] The target rail pressure calculating means 64
can switch the target rail pressure Ptgt so as to undergo
stepwise changes at the time of the establishment of the
idling stop condition. By switching the target rail pressure
Ptgt to stepwise change, it becomes possible to instan-
taneously close the pressure control valve 12 and instan-
taneously raise the rail pressure Pr.
[0054] However, when the target rail pressure calcu-
lating means 64 switches the target rail pressure Ptgt so
as to undergo stepwise changes, there is the fear that
immediately after the establishment of the idling stop con-
dition the rail pressure Pr will be excessively raised tem-
porarily and that an enormously large load will act on the

fuel high pressure system. In order to prevent such an
excessive rise in the rail pressure Pr, it is preferable to
cause the target rail pressure Ptgt to gradually rise. By
causing the target rail pressure Ptgt to gradually rise, it
becomes possible to cause the rail pressure Pr to grad-
ually rise, so that an enormous load can be prevented
from acting on the fuel high pressure system.
[0055] Further, the target holding rail pressure Ptgt_
high can also be configured such that it is set in response
to the fuel temperature Tq. When the fuel temperature
Tq rises, the fuel density drops such that it becomes eas-
ier for the fuel to leak from tiny clearances existing in the
fuel high pressure system to the low pressure side, and
it becomes easier for the rail pressure Pr to drop. For that
reason, there is the fear that the rail pressure Pr will end
up falling below the injectable pressure Pr_inj even ear-
lier than the assumed period of time. For that reason, it
is preferable to set the target holding rail pressure Ptgt_
high larger as the fuel temperature Tq becomes higher.
[0056] The fuel temperature Tq is calculable on the
basis of the sensor signal St of the temperature sensor
25, but it can also be estimated on the basis of an exhaust
gas temperature Tg, a cooling water temperature Tw, an
outside air temperature Ta, and the operating state of
the internal combustion engine 40. The fuel temperature
Tq may also be estimated on the basis of the sensor
signal St of the temperature sensor 25 in combination
with the exhaust gas temperature Tg, the cooling water
temperature Tw, the outside air temperature Ta, or the
operating state of the internal combustion engine 40.
[0057] The fuel injection valve controlling means 68
calculates a target fuel injection quantity Qtgt on the basis
of the engine speed Ne, the accelerator pedal operation
amount Acc, etc., generates control signals for the fuel
injection valves 13 appropriate to the target fuel injection
quantity Qtgt, and transmits the control signals to the fuel
injection valves 13.
[0058] Further, in the present embodiment, when the
fuel injection valve controlling means 68 receives the
idling stop condition establishment signal, it continues
injection control based on the target fuel injection quantity
Qtgt until a difference ∆Pr between the rail pressure Pr
and the target holding rail pressure Ptgt_high becomes
less than a predetermined value ∆Pr0 and stops fuel in-
jection when the difference ∆Pr in the rail pressure has
become less than the predetermined value ∆Pr0. By
stopping fuel injection to stop in this manner at the time
of the establishment of the idling stop condition, the rail
pressure Pr reliably rises, and fuel injection can be
stopped judging that the rail pressure Pr does not rise
excessively.
[0059] The timing at which the fuel injection valve con-
trolling means 68 causes fuel injection to stop is not lim-
ited to the example described above. The fuel injection
valve controlling means 68 may be configured to cause
fuel injection to stop when the rail pressure Pr has actually
exceeded the target holding rail pressure Ptgt_high. Fur-
ther, for example, the fuel injection valve controlling
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means 68 may be configured to cause fuel injection to
stop when a predetermined amount of time has elapsed
after the establishment of the idling stop condition.
[0060] Further, when the fuel injection valve controlling
means 68 receives the restart condition establishment
signal, it transmits control signals to the fuel injection
valves 13 and causes the fuel injection valves 13 to
resume fuel injection.

3. Method of Controlling Accumulator Fuel Injection Sys-
tem

[0061] Next, one example of control that is executed
by the controller 60 of the accumulator fuel injection sys-
tem 50 described above will be described in detail on the
basis of the time chart of FIG. 3 and the control flow of
FIG. 4. In FIG. 3, changes over time in the target rail
pressure Ptgt, the rail pressure Pr, the engine speed Ne,
and the supply current value resulting from the control
method of the present embodiment are respectively in-
dicated by solid lines, and examples of respective chang-
es over time resulting from a control method that does
not make the target rail pressure larger are indicated by
broken lines.
[0062] In the control flow of FIG. 4, first, in step S11,
it is discriminated whether or not the predetermined idling
stop condition has been established (the period t0 to t1
in FIG. 3). In the period t0 to t1 in FIG. 3, the value of the
current supplied to the pressure control valve 12 is feed-
back-controlled in response to the target rail pressure
Ptgt, and control is performed such that the rail pressure
Pr becomes the target rail pressure Ptgt.
[0063] When the idling stop condition is established,
the control proceeds to step S12, where the target rail
pressure Ptgt is raised toward the target holding rail pres-
sure Ptgt_high that is larger than the target rail pressure
at the time of the establishment of the idling stop condition
(t1 in FIG. 3). As a result, the value of the current supplied
to the pressure control valve 12 is controlled such that
the rail pressure Pr becomes the target rail pressure Ptgt.
Thereafter, the control proceeds to step S13, where the
rail pressure Pr is detected. In step S14, it is determined
whether or not the difference ∆Pr between the rail pres-
sure Pr and the target holding rail pressure Ptgt_high has
become less than the predetermined value ∆Pr0 (the pe-
riod t1 to t2 in FIG. 3).
[0064] When the difference ∆Pr between the rail pres-
sure Pr and the target holding rail pressure Ptgt_high has
become less than the predetermined value ∆Pr0, the con-
trol proceeds to step S15, where fuel injection to the in-
ternal combustion engine 40 is stopped (t2 in FIG. 3).
Even when the controller 60 stops fuel injection, there is
a supply of the fuel from the high pressure pump 5 to the
common rail 10 until the engine speed Ne becomes zero,
so that the rail pressure Pr begins to drop after it has
risen for a while.
[0065] After fuel injection has been stopped, it is de-
termined in step S16, whether or not the restart condition

has been established (the period t2 to t3 in FIG. 3). When
it has been determined that the restart condition has been
established, the control proceeds to step S17, where the
rail pressure Pr is detected. Thereafter, in step S18, it is
determined whether or not the rail pressure Pr is equal
to or greater than the injectable pressure Pr_inj (the pe-
riod t3 in FIG. 3). When the rail pressure Pr is equal to
or greater than the injectable pressure Pr_inj, the control
proceeds to step S19, where fuel injection is resumed.
At this time, basically fuel injection is performed after the
insides of the cylinders of the internal combustion engine
40 have been placed in a compressed state using an
auxiliary device such as a starter, but if the insides of the
cylinders have been in a compressed state, fuel injection
can be quickly resumed without using an auxiliary device.
[0066] On the other hand, when the rail pressure Pr is
less than the injectable pressure Pr_inj, the drive shaft
of the internal combustion engine 40 is rotated with an
auxiliary device such as a starter, resumption of fuel in-
jection is kept stand by until the rail pressure Pr becomes
equal to or greater than the injectable pressure Pr_inj,
and the control returns to step S17. Then, when the rail
pressure Pr has become equal to or greater than the
injectable pressure Pr_inj, fuel injection is resumed in
step S19.
[0067] In this manner, in the accumulator fuel injection
system control method of the present embodiment, after
the establishment of the idling stop condition, fuel injec-
tion is stopped after the target rail pressure Ptgt has been
set larger than at the time of the establishment of the
idling stop condition. Accordingly, the rail pressure Pr is
once raised before fuel injection is stopped, and a longer
amount of time until the rail pressure Pr falls below the
injectable pressure Pr_inj after fuel injection has been
stopped is secured. In particular, in the present embod-
iment, as fuel injection is stopped after the difference ∆Pr
between the rail pressure Pr and the target holding rail
pressure Ptgt_high has become the predetermined
value ∆Pr0, the rail pressure Pr is reliably raised, and the
amount of time during which the rail pressure Pr is main-
tained equal to or greater than the injectable pressure
Pr_inj can reliably be made long.
[0068] In contrast, in the control method that does not
make the target rail pressure larger which is indicated by
broken lines in FIG. 3, the rail pressure Pr at the point in
time of t1 when the idling stop condition is established
becomes a reference and thereafter the rail pressure Pr
gradually drops, so that the rail pressure Pr ends up fall-
ing below the injectable pressure Pr_inj at the relatively
early point in time t4’.
[0069] Further, in the present embodiment, after the
establishment of the idling stop condition, the rail pres-
sure Pr is once raised, so that the seal at the seal portions
of the various valves configured as self-sealing structures
is enhanced, and it can be made easier to suppress a
drop in the rail pressure Pr.
[0070] The accumulator fuel injection system control-
ler and control method and the accumulator fuel injection
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system of the present embodiment described above can
be arbitrarily altered within the scope of the present in-
vention.
For example, the invention may also be configured such
that, after the establishment of the idling stop condition,
the rail pressure Pr is once raised by control of the flow
rate control valve 8 by the flow rate control valve control-
ling means 67. Specifically, when the idling stop condition
has been established, the pressure control valve 12 may
be maintained in a closed state and the opening degree
of the flow rate control valve 8 may be made larger than
the opening degree at the time of the establishment of
the idling stop condition to raise the rail pressure Pr.

Claims

1. A controller of an accumulator fuel injection system
equipped with a common rail that accumulates fuel
that is pressure-fed by a high pressure pump and
fuel injection valves that are connected to the com-
mon rail and inject the fuel into cylinders of an internal
combustion engine, the accumulator fuel injection
system controller being capable of executing idling
stop control of the internal combustion engine, the
accumulator fuel injection system controller charac-
terized by comprising:

idling stop condition establishment detecting
means that detects that a predetermined idling
stop condition has been established;
restart condition establishment detecting means
that detects that a predetermined restart condi-
tion has been established while the internal com-
bustion engine is in an automatically stopped
state;
fuel injection valve controlling means that caus-
es the fuel injection valves to stop fuel injection
after the establishment of the idling stop condi-
tion and causes the fuel injection valves to
resume fuel injection after the establishment of
the restart condition; and
rail pressure controlling means that regulates
the pressure inside the common rail on the basis
of a calculated target rail pressure,
wherein the rail pressure controlling means sets
the target rail pressure after the establishment
of the idling stop condition to a value that is larger
than the target rail pressure at the time of the
establishment of the idling stop condition.

2. The accumulator fuel injection system controller ac-
cording to claim 1, characterized in that the fuel
injection valve controlling means causes the fuel in-
jection to stop after it has made the target rail pres-
sure larger.

3. The accumulator fuel injection system controller ac-

cording to claim 1 or 2, characterized in that the
fuel injection valve controlling means causes the fuel
injection to stop after the pressure inside the com-
mon rail has been raised after the establishment of
the idling stop condition.

4. The accumulator fuel injection system controller ac-
cording to any one of claims 1 to 3, characterized
in that the rail pressure controlling means corrects,
on the basis of the temperature of the fuel, the value
of the target rail pressure that it makes larger.

5. A method of controlling an accumulator fuel injection
system equipped with a common rail that accumu-
lates fuel that is pressure-fed by a high pressure
pump and fuel injection valves that are connected to
the common rail and inject the fuel into cylinders of
an internal combustion engine, the accumulator fuel
injection system control method being capable of ex-
ecuting idling stop control of the internal combustion
engine, the accumulator fuel injection system control
method characterized by comprising:

when a predetermined idling stop condition has
been established, setting a target rail pressure
to a value that is larger than the target rail pres-
sure at the time of the establishment of the idling
stop condition.

6. An accumulator fuel injection system equipped with
a common rail that accumulates fuel that is pressure-
fed by a high pressure pump and fuel injection valves
that are connected to the common rail and inject the
fuel into cylinders of an internal combustion engine,
the accumulator fuel injection system being
equipped with a controller that is capable of execut-
ing idling stop control of the internal combustion en-
gine, the controller characterized by comprising:

idling stop condition establishment detecting
means that detects that a predetermined idling
stop condition has been established;
restart condition establishment detecting means
that detects that a predetermined restart condi-
tion has been established while the internal com-
bustion engine is in an automatically stopped
state;
fuel injection valve controlling means that caus-
es the fuel injection valves to stop fuel injection
after the establishment of the idling stop condi-
tion and causes the fuel injection valves to
resume fuel injection after the establishment of
the restart condition; and
rail pressure controlling means that regulates
the pressure inside the common rail on the basis
of a calculated target rail pressure,
wherein the rail pressure controlling means sets
the target rail pressure after the establishment
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of the idling stop condition to a value that is larger
than the target rail pressure at the time of the
establishment of the idling stop condition.
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