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(54) CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE

(57) Provided is a control device for an internal com-
bustion engine which can decrease a load applied to a
drive system of a high pressure pump at the time of re-
starting the internal combustion engine from an automat-
ic stop state of the internal combustion engine.

A control device for an internal combustion engine
which can execute an idling stop control includes: an
idling stop condition satisfaction detection part which de-
tects that a predetermined idling stop condition is satis-
fied and outputs an instruction to automatically stop the

internal combustion engine; a restarting condition satis-
faction detection part which detects that a predetermined
restarting condition is satisfied during an automatic stop
of the internal combustion engine and outputs an instruc-
tion to restart the internal combustion engine; a rail pres-
sure detection part which detects pressure in the com-
mon rail; and a pressure control valve control part which
opens the pressure control valve before restarting the
internal combustion engine when the pressure in the
common rail becomes a predetermined threshold value
or more at the time of satisfying the restarting condition.
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Description

Technical Field

[0001] The present invention relates to a control device
for an internal combustion engine for performing a control
of the internal combustion engine using an accumulator
fuel injection device. The present invention particularly
relates to a control device for an internal combustion en-
gine capable of performing an idling stop control.

Background Art

[0002] Conventionally, as a device which injects fuel
into a cylinder of an internal combustion engine including
a diesel engine or the like, an accumulator fuel injection
device which includes a common rail for accumulating
fuel in a high pressure state supplied by a high pressure
pump (common rail system) has been used. Plural fuel
injection valves are connected to the common rail. By
controlling a valve opening timing and a valve opening
time of each fuel injection valve in a state where high
pressure fuel is supplied to each fuel injection valve, fuel
can be injected into cylinders of the internal combustion
engine in various fuel injection patterns.
[0003] In such an accumulator fuel injection device,
usually, the high pressure pump is configured to be driven
by power of the internal combustion engine. To be more
specific, a camshaft of the high pressure pump is con-
nected to a drive shaft of the internal combustion engine
by way of gears. Accordingly, during the operation of the
internal combustion engine, the high pressure pump is
also operated, while when the internal combustion en-
gine is stopped, the high pressure pump is also stopped.
[0004] In the accumulator fuel injection device, a pres-
sure in the common rail (hereinafter referred to as "rail
pressure") largely influences the fuel injection character-
istic or combustion property. As a method of controlling
a rail pressure, there has been known a control method
where a flow rate of high pressure fuel discharged from
a common rail is adjusted by a pressure control valve
provided to the common rail.
[0005] In the control of an internal combustion engine
using such an accumulator fuel injection device, recently,
for enhancing fuel economy, for reducing an quantity of
exhaust gas and noises or the like, an idling stop control
has been put into practice where an internal combustion
engine is automatically stopped during temporary stop
of a vehicle on which the internal combustion engine is
mounted. In this idling stop control, when a predeter-
mined idling stop condition is satisfied, the internal com-
bustion engine is automatically stopped, and the internal
combustion engine is restarted when a predetermined
restarting condition is satisfied during automatic stop. In
the vehicle on which the internal combustion engine ca-
pable of performing this idling stop control is mounted,
restartability from an automatic stop state is a factor
which significantly influences a commodity value.

[0006] In view of the above, there has been proposed
a control device for an internal combustion engine which
can shorten a stop time of an internal combustion engine
during an idling stop control or can surely enhance re-
startability. To be more specific, there has been disclosed
a control device for an internal combustion engine where
a discharge flow rate of a high pressure pump is in-
creased during the automatic stop of the internal com-
bustion engine which is brought about by an idling stop
control thus adjusting a load of the internal combustion
engine whereby the internal combustion engine is
stopped at a predetermined crank angle suitable for re-
starting so that the fuel injection is started simultaneously
with an operation of a starter at the time of restarting (see
patent document 1).

Prior Art Document

Patent Document

[0007] 1 Patent Document 1: JP-A-2008-163796
(whole specification and all drawings)

Disclosure of the Invention

Problems to be Solved by the Invention

[0008] When an internal combustion engine is a diesel
engine, for example, to enhance restartability of the en-
gine from an automatic stop state, a factor that a com-
pression ratio in the engine is sufficient and a factor that
the fuel injection by an accumulator fuel injection device
is possible become important. Out of these two important
factors, whether or not the compression ratio is sufficient
is a matter related to an engine side, while whether or
not the fuel injection is possible is a matter related to an
accumulator fuel injection device side. Whether or not
the fuel injection is possible in the accumulator fuel in-
jection device depends on whether or not a rail pressure
is equal to or above a pressure at which the normal in-
jection of fuel is possible (hereinafter referred to as "in-
jectable pressure"). Accordingly, to enhance restartabil-
ity of the internal combustion engine, there may be a case
where even during automatic stop of the internal com-
bustion engine which is brought about by an idling stop
control, a control is performed so as to maintain a rail
pressure in a high state.
[0009] Here, even when a fuel injection valve, a high
pressure pump, a pressure control valve and the like
which are connected to the common rail are closed, there
may be a case where some of high pressure fuel leaks
to a fuel low-pressure system through a fine gap present
in a fuel high-pressure system including these constitu-
tional elements and hence, a rail pressure is gradually
lowered. Accordingly, a target value of the rail pressure
at the time of starting the maintenance of the rail pressure
during the automatic stop is set to a value higher than
the injectable pressure.

1 2 
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[0010] When the internal combustion engine is started
with the rail pressure maintained in a high state at the
time of restarting the internal combustion engine, a drive
torque which is generated when an operation of the high
pressure pump is started becomes remarkably large thus
imparting a large load on a drive system of the high pres-
sure pump. To be more specific, the internal combustion
engine is in a state where an engine speed is rapidly
increased at the time of restarting the internal combustion
engine. Assuming that a rail pressure control by a pres-
sure control valve is started when the rail pressure is
further elevated in such a state, an overshoot or an un-
dershoot of the rail pressure occurs thus giving rise to a
possibility that the rail pressure becomes uncontrollable.
In view of the above, at the time of restarting the internal
combustion engine, to enable a prompt rail pressure con-
trol, usually, a rail pressure control is not performed until
an engine speed of the internal combustion engine reach-
es a predetermined engine speed so that a flow rate con-
trol valve which adjusts the supply quantity of fuel to a
common rail is opened and a pressure control valve pro-
vided to the common rail is closed.
[0011] Here, between a pressurizing chamber of the
high pressure pump and the common rail, a fuel dis-
charge valve is provided which is opened when the pres-
sure in the pressurizing chamber exceeds the sum of a
rail pressure and a set force of a valve spring. Accord-
ingly, when fuel is supplied to the pressurizing chamber
of the high pressure pump at the time of restarting the
internal combustion engine and the high pressure pump
is driven in a state where a rail pressure is high, the pres-
sure in the pressurizing chamber becomes remarkably
high during a period until the fuel discharge valve is
opened. As a result, a large force which pushes up a
plunger for pressurizing fuel becomes necessary so that
a large load is generated in the drive system of the high
pressure pump.
[0012] Further, in a state where the high pressure
pump is stopped, in a contact portion between a cam
which is fixed to a cam shaft and a tappet which transmits
a rotational force of the cam as an elevating force of the
plunger, a lubricant or a fuel for lubrication flows out so
that the high pressure pump is in a state where the oil
film at the contact portion is insufficient. At the time of
starting an operation of the high pressure pump which is
in a state where the oil film at the contact portion between
the tappet and the cam is insufficient as described above,
when a large load is applied to the drive system of the
high pressure pump, a decrease in durability of the high
pressure pump is brought about.
[0013] In view of the above, inventors of the present
invention have made extensive studies, and have found
out that when a rail pressure is higher than necessary at
the time of restarting an internal combustion engine from
an automatic stop state of the internal combustion engine
which is brought about by an idling stop control, the
above-mentioned drawbacks can be overcome by open-
ing a pressure control valve provided to a common rail

before restarting the internal combustion engine, and
have completed the present invention based on such
finding. That is, it is an object of the present invention to
provide a control device for an internal combustion en-
gine which can decrease a load applied to a drive system
of a high pressure pump at the time of restarting the in-
ternal combustion engine from an automatic stop state
of the internal combustion engine.

Means for solving the problem

[0014] According to the present invention, there is pro-
vided a control device for an internal combustion engine
which is a control device for performing a control of the
internal combustion engine by an accumulator fuel injec-
tion device which includes: a common rail to which a fuel
injection valve is connected; a high pressure pump which
supplies fuel to the common rail under pressure; and a
pressure control valve which adjusts a flow rate of fuel
discharged from the common rail, the control device of
the internal combustion engine capable of performing an
idling stop control, wherein the control device includes:
an idling stop condition satisfaction detection part which
detects that a predetermined idling stop condition is sat-
isfied and outputs an instruction to automatically stop the
internal combustion engine; a restarting condition satis-
faction detection part which detects that a predetermined
restarting condition is satisfied during an automatic stop
of the internal combustion engine and outputs an instruc-
tion to restart the internal combustion engine; a rail pres-
sure detection part which detects pressure in the com-
mon rail; and a pressure control valve control part which
opens the pressure control valve before restarting the
internal combustion engine when the pressure in the
common rail becomes a predetermined threshold value
or more at the time of the satisfaction of the restarting
condition. With such a control device for an internal com-
bustion engine, the above-mentioned drawbacks can be
overcome.
[0015] Further, in constituting the control device for an
internal combustion engine according to the present in-
vention, it is preferable that the threshold value is a value
set based on a load allowed to be applied to a drive sys-
tem of the high pressure pump from the high pressure
pump.
[0016] In constituting the control device for an internal
combustion engine according to the present invention, it
is preferable that the restarting condition satisfaction de-
tection part detects that the restarting condition is satis-
fied in a short time before the satisfaction of the restarting
condition, and the pressure control valve control part
opens the pressure control valve when it is detected that
the restarting condition is satisfied in a short time and the
pressure in the common rail assumes the threshold value
or more.
[0017] Further, in constituting the control device for an
internal combustion engine according to the present in-
vention, it is preferable that the control device includes
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a rail pressure determination part which restarts the in-
ternal combustion engine when the pressure in the com-
mon rail becomes less than the threshold value after the
restarting condition is satisfied.

Advantage of the Invention

[0018] According to the control device for an internal
combustion engine of the present invention, when a rail
pressure is maintained at a higher level than necessary
at the time of restarting the internal combustion engine
from an automatic stop state of the internal combustion
engine which is brought about by the idling stop control,
the pressure control valve is opened before restarting of
the internal combustion engine and hence, the rail pres-
sure is forcibly lowered. Accordingly, a possibility that the
internal combustion engine is restarted while the rail
pressure is held at a higher level than necessary is elim-
inated and hence, the sharp elevation of the pressure in
a pressurizing chamber can be suppressed whereby a
load applied to the drive system of the high pressure
pump can be decreased. Further, when the rail pressure
is elevated after starting the internal combustion engine
so that the pressure in the pressurizing chamber is in-
creased, a lubricant or a fuel for lubrication permeates in
a contact portion between a tappet and a cam due to
driving of the high pressure pump thus forming an oil film
and hence, a decrease in durability of the high pressure
pump can be suppressed.

Brief Description of the Drawings

[0019]

[Fig. 1] Fig. 1 is an overall view showing a constitu-
tional example of an accumulator fuel injection de-
vice.
[Fig. 2] Fig. 2 is a view for explaining a constitutional
example of a high pressure pump.
[Fig. 3] Fig. 3 is a block diagram for explaining a
constitutional example of a control device according
to a first embodiment of the present invention.
[Fig. 4] Fig. 4 is a time chart diagram for explaining
a control method executed by the control device ac-
cording to the first embodiment.
[Fig. 5] Fig. 5 is a flow chart showing a control flow
for explaining the control method executed by the
control device according to the first embodiment.
[Fig. 6] Fig. 6 is a time chart diagram for explaining
a control method executed by the control device ac-
cording to the second embodiment.
[Fig. 7] Fig. 7 is a flow chart showing a control flow
for explaining the control method executed by the
control device according to the second embodiment.

Mode for Carrying Out the Invention

[0020] Hereinafter, embodiments relating to a control

device for an internal combustion engine according to
the present invention are specifically explained in con-
junction with drawings. However, these embodiments
show one mode of the present invention and do not limit
the present invention, and the mode of the invention can
be desirably changed within the scope of the present
invention. In the respective drawings, identical members
are given the same symbols, and the explanation of the
parts is omitted when appropriate.

1. Accumulator fuel injection device

[0021] Fig. 1 shows a constitutional example of an ac-
cumulator fuel injection device 50 used in a control of an
internal combustion engine. The accumulator fuel injec-
tion device 50 is a device for injecting fuel to cylinders of
a diesel engine 40 mounted on a vehicle and includes,
as main components thereof, a fuel tank 1, a low pressure
pump 2, a flow rate control valve 8, a high pressure pump
5, a common rail 10, a pressure control valve 12, fuel
injection valves 13, a control device 60 and the like.
[0022] A speed sensor 45 used for detecting an engine
speed and a starter 44 for forcibly rotating a drive shaft
at the time of starting are provided to the diesel engine 40.
[0023] The low pressure pump 2 and pressurizing
chambers 5a of the high pressure pump 5 are connected
to each other through low pressure fuel passages 18a,
18b, the pressurizing chambers 5a of the high pressure
pump 5 and the common rail 10 are connected to each
other through a high pressure fuel passage 37, and the
common rail 10 and the fuel injection valves 13 are con-
nected to each other through a high pressure fuel pas-
sage 39. Further, return passages 30a to 30c for returning
surplus fuel which 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 injec-
tion valves 13 or the like.
[0024] A flow rate control valve 8 is arranged in a mid-
dle portion of the low pressure fuel passage 18b in the
high pressure pump 5. As the flow rate control valve 8,
for example, an electromagnetic proportional type flow
rate control valve in which a stroke quantity of a valve
element is variable corresponding to a supply current val-
ue so that an area of a fuel passing passage can be
adjusted is used. The flow rate control valve 8 is used
for adjusting a flow rate of fuel supplied to the pressurizing
chambers 5a. The flow rate control valve 8 used in this
embodiment is constituted as a normally open flow rate
control valve where a flow passage of fuel is fully opened
in a non-energizing state. However, the flow rate control
valve 8 may be a normally closed flow rate control valve
where a flow passage of fuel is fully closed in a non-
energizing state.
[0025] A pressure adjusting valve 14 which is arranged
parallel to the flow rate control valve 8 is provided to a
fuel passage branched from the low pressure fuel pas-
sage 18b on an upstream side of the flow rate control
valve 8. The pressure adjusting valve 14 is connected to
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a return passage 30a communicating with the fuel tank
1. As the pressure adjusting valve 14, an overflow valve
which is opened when the difference in pressure between
in front of and behind the pressure adjusting valve 14,
that is, the difference in pressure between the pressure
in the low pressure fuel passage 18b and the pressure
in the return passage 30a exceeds a predetermined val-
ue is used. Accordingly, in a state where fuel is supplied
under pressure by the low pressure pump 2, the pressure
in the low pressure fuel passages 18a, 18b is adjusted
to a value larger than the pressure in the return passage
30a by predetermined difference in pressure.
[0026] The low pressure pump 2 pumps up fuel in the
fuel tank 1 and supplies fuel under pressure to the pres-
surizing chambers 5a of the high pressure pump 5
through the low pressure fuel passages 18a, 18b. The
low pressure pump 2 shown in Fig. 1 is an in-tank elec-
trically operated pump arranged in the inside of the fuel
tank 1, and is driven with a Voltage supplied from a battery
so as to supply fuel under pressure. However, the low
pressure pump 2 may be a pump which is arranged out-
side the fuel tank 1 or the low pressure pump 2 may be
a gear pump driven using power of the diesel engine 40.
[0027] The high pressure pump 5 pressurizes fuel in-
troduced into the pressurizing chamber 5a by the low
pressure pump 2 through a fuel intake valve 6 by a plung-
er 7, and supplies fuel in a high pressure state to the
common rail 10 through a fuel discharge valve 9 and the
high pressure fuel passage 37 under pressure. The fuel
discharge valve 9 adopts the check valve structure where
the higher a rail pressure on a discharge side becomes,
the higher the sealing property is acquired.
[0028] A cam 15 which drives the high pressure pump
5 is fixed to a cam shaft connected to a drive shaft of the
diesel engine 40 by way of gears. The high pressure
pump 5 shown in Fig. 1 includes two plungers 7. When
these two plungers 7 are pushed up by the cam 15, fuel
is pressurized in two pressurizing chambers 5a so that
high pressure fuel is supplied under pressure to the com-
mon rail 10.
[0029] The high pressure pump 5 of the accumulator
fuel injection device 50 according to this embodiment has
the fuel lubrication type constitution where injection-use
fuel is used as lubricant. That is, fuel supplied to the inside
of the high pressure pump 5 through the low pressure
fuel passage 18a temporarily flows into the cam chamber
16, and is supplied to the pressurizing chambers 5a from
the cam chamber 16 through the low pressure fuel pas-
sage 18b.
[0030] The common rail 10 accumulates high pressure
fuel supplied under pressure from the high pressure
pump 5, and supplies the high pressure fuel to plural fuel
injection valves 13 connected to the common rail 10
through the high pressure fuel passages 39. The com-
mon rail 10 is provided with the pressure control valve
12 and a pressure sensor 21. Out of these parts, as the
pressure sensor 21, a known pressure sensor such as a
piezoelectric element sensor or a semiconductor sensor

is used.
[0031] Further, as the pressure control valve 12, for
example, used is an electromagnetic proportional type
control valve in which a stroke quantity of a valve element
is variable corresponding to a supply current value so
that an area of a fuel passing passage can be adjusted.
A rail pressure is adjusted by controlling an energizing
quantity to the pressure control valve 12 corresponding
to a target rail pressure and a required injection quantity
thus adjusting a flow rate of high pressure fuel discharged
to a return passage 30b from the common rail 10. The
pressure control valve 12 used in this embodiment is con-
stituted of a normally open type pressure control valve
where a fuel flow passage is fully opened in a non-ener-
gizing state. However, the pressure control valve 12 may
be constituted of a normally closed type pressure control
valve where the fuel flow passage is fully closed in a non-
energizing state.
[0032] The fuel injection valve 13 connected to the
common rail 10 includes a nozzle body in which an in-
jection hole is formed, and a nozzle needle which opens
or closes the injection hole due to an advancing or re-
tracting movement thereof. The fuel injection valve 13 is
configured such that the injection hole is closed when a
back pressure is applied to a rear end side of the nozzle
needle as a load, while the injection hole is opened by
releasing the applied back pressure thus injecting high
pressure fuel supplied from the common rail 10 into the
cylinder of the diesel engine. The fuel injection valve 13
can perform the normal fuel injection when the rail pres-
sure assumes the predetermined injectable pressure or
more.
[0033] As the fuel injection valve 13, a piezoelectric
injector which includes a piezoelectric element as a back
pressure control means or a magnetic control type fuel
injection valve which includes an electromagnetic sole-
noid as a back pressure control means is used. In this
embodiment, the piezoelectric injector is used as the fuel
injection valve 13. The piezoelectric injector adopts the
structure where fuel hardly leaks to a return passage 30c
except for a passage for releasing a back pressure.

2. High pressure pump

[0034] Fig. 2 shows one example of the specific con-
stitution of the high pressure pump 5. The high pressure
pump 5 includes: a pump housing 51; a cylinder head 52
which is mounted in the inside of a circular columnar
space 51a formed in the pump housing 51; the plunger
7 which is slidably held by a cylinder 52a of the cylinder
head 52; a spring 55 which has both ends thereof en-
gaged with the cylinder head 52 and a spring sheet 59
respectively and biases the plunger 7 downwardly; and
a tappet structural body 58 which is interposed between
the plunger 7 and the cam 15, and pushes up the plunger
7 while centering the plunger 7 along with the rotation of
the cam 15. Further, a fuel intake valve 6 is arranged on
an upper opening portion of the cylinder 52a of the cyl-
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inder head 52, and the fuel discharge valve 9 is arranged
in the lateral direction with respect to the axial direction
of the cylinder 52a through a fuel discharge passage 52b.
In Fig. 2, the flow rate control valve 8 and the pressure
adjusting valve 14 provided to the high pressure pump 5
are not shown in the drawing.
[0035] In this high pressure pump 5, a portion of the
cylinder 52a of the cylinder head 52 is closed by an inner
peripheral surface of the cylinder head 52, the plunger
7, the fuel intake valve 6 and the fuel discharge valve 9
thus constituting the pressurizing chamber 5a. Fuel
which flows into the pressurizing chamber 5a through the
fuel intake valve 6 is pressurized, in the pressurizing
chamber 5a, by the plunger 7 which is pushed up along
with the rotational movement of the cam 15. When the
pressure in the pressurizing chamber 5a exceeds the
sum of a set force of a valve spring of the fuel discharge
valve 9 and the rail pressure, the fuel discharge valve 9
is opened by pushing whereby pressurized fuel is sup-
plied to the common rail under pressure.
[0036]  As described above, the high pressure pump
5 is configured such that after fuel supplied under pres-
sure by the low pressure pump flows into the cam cham-
ber 16, some of the fuel flows back and forth between
the cam chamber 16 and the columnar space 51a. This
fuel reaches a contact portion between a roller 54 of the
tappet structural body 58 and the cam 15, a slide portion
between the columnar space 51a and the tappet struc-
tural body 58, the above-mentioned slide portion be-
tween the cylinder 52a and the plunger 7, a slide portion
between the cam shaft 11 and a bearing of the pump
housing 51 or the like, and functions as a lubricant.
[0037] In a state where the high pressure pump 5 is
driven, due to whirling by the cam 15 or a discharge pres-
sure of the low voltage pump 2, fuel in the cam chamber
16 reaches respective contact portions, the slide portions
and the like and hence, the fuel lubrication using the in-
jection-use fuel normally functions. On the other hand,
in a state where the high pressure pump 5 is stopped,
fuel in the cam chamber 16 hardly reaches the respective
contact portions, the slide portions and the like or the fuel
flows out from the respective contact portions, slide por-
tions and the like and hence, the fuel lubrication is liable
to be brought into a state where an oil film is insufficient.

 3. Control device for internal combustion engine

[0038] Fig. 3 shows, in the control device 60 of the
diesel engine 40 according to this embodiment, a con-
stitutional example of a part relating to a control which is
performed at the time of restarting the diesel engine 40
from an automatic stop state of the diesel engine 40
brought about by an idling stop control by functional
blocks.
[0039] The control device 60 includes: an idling stop
control part 63 which includes an idling stop condition
satisfaction detection part 61 and a restart condition sat-
isfaction detection part 62; a target rail pressure calcu-

lation part 65; a rail pressure detection part 67; a rail
pressure determination part 69; a fuel injection valve con-
trol part 71; a flow rate control valve control part 73; a
pressure control valve control part 75; a starter control
part 77 and the like. The control device 60 is mainly con-
stituted of a microcomputer having the known constitu-
tion, and the respective parts are realized by executing
programs using the microcomputer. Further, the control
device 60 is provided with a storage means such as a
RAM (Random Access Memory) not shown in the draw-
ing for storing calculation results and detection results at
the respective parts.

(1) Idling stop control part

[0040] The idling stop control part 63, when the satis-
faction of a predetermined idling stop condition is detect-
ed by the idling stop condition satisfaction detection part
61, transmits an instruction to stop the diesel engine 40
by stopping the fuel injection to the fuel injection valve
control part 71. Here, the idling stop control part 63 trans-
mits an instruction to interrupt the energizing of the flow
rate control valve 8 to the flow rate control valve control
part 73. Further, the idling stop control part 63, for holding
a rail pressure at a predetermined pressure, transmits
an instruction to energize the pressure control valve 12
at a predetermined holding current A1 to the pressure
control valve control part 75.
[0041] Further, the idling stop control part 63, when
the satisfaction of a predetermined restarting condition
is detected by the restarting condition satisfaction detec-
tion part 62 during a period where the diesel engine 40
is automatically stopped by the idling stop control, trans-
mits an instruction to restart the diesel engine 40 by re-
starting the fuel injection to the fuel injection valve control
part 71 and the starter control part 77. Further, the idling
stop control part 63 transmits the satisfaction of the re-
starting condition to the rail pressure determination part
69 when the restarting condition is satisfied.
[0042] The idling stop condition detected by the idling
stop condition satisfaction detection part 61 may be set
such that the idling stop condition includes at least one
of, for example, a condition that an engine switch Sw is
in an ON state, a condition that a gear sensor indicates
a neutral position as a detection position Sg, a condition
that a brake pedal sensor indicates that a detection po-
sition Sb is in a pedal stepped-in state, a condition that
an engine speed Ne of the diesel engine 40 is equal to
or less than a predetermined threshold value, and a con-
dition that a state where a vehicle speed V is 0 continues
for a predetermined time or more and the like. However,
the idling stop condition is not limited to these conditions.
[0043] Further, the restarting condition detected by the
restart condition satisfaction detection part 62 may be
set such that the restart condition includes some condi-
tions out of conditions such as a condition that the de-
tection position Sg of the gear sensor is released from a
neutral state during an automatic stop of the diesel engine
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40, and a condition that an acceleration pedal Acc is
stepped in during the automatic stop of the diesel engine
40. However, the restart condition is not limited to these
conditions.

 (2) Fuel injection valve control part

[0044] The fuel injection valve control part 71 calcu-
lates a target fuel injection quantity Qtgt based on an
engine speed Ne, an acceleration operation quantity Acc
or the like, and also generates a control signal for the
fuel injection valve 13 corresponding to the target fuel
injection quantity Qtgt, and outputs the control signal to
the fuel injection valve 13. When a signal indicative of
the satisfaction of an idling stop condition is transmitted
to the fuel injection valve control part 71 from the idling
stop control part 63, the fuel injection valve control part
71 stops the fuel injection, and restarts the fuel injection
when a signal indicative of the satisfaction of a restarting
condition is transmitted to the fuel injection valve control
part.
[0045] The fuel injection valve control part 71 of the
control device 60 according to this embodiment is con-
figured not to restart the fuel injection control until the
fuel injection valve control part 71 receives a start per-
mission instruction from the rail pressure determination
part 69 even when the satisfaction of a restart condition
is transmitted to the fuel injection valve control part 71
after the diesel engine 40 is automatically stopped by an
idling stop control.

(3) Starter control part

[0046] The starter control part 77 performs a control
where the starter 44 is operated at the time of starting
the diesel engine 40 so that a drive shaft is forcibly rotated
whereby the inside of the cylinder is brought into a com-
pression state. The starter control part 77 of the control
device 60 according to this embodiment is configured not
to operate the starter 44 until the starter control part 77
receives a start permission instruction from the rail pres-
sure determination part 69 even when the satisfaction of
the restart condition is transmitted to the starter control
part 77 after the diesel engine 40 is automatically stopped
by an idling stop control.

(4) Target rail pressure calculation part and rail pressure 
detection part

[0047] The target rail pressure calculation part 65 cal-
culates a target rail pressure Ptgt based on an engine
speed Ne, an acceleration operation quantity Acc or the
like, and stores the calculated target rail pressure Ptgt in
the storage means. Further, the rail pressure detection
part 67 continuously reads a sensor value of the pressure
sensor 21 provided to the common rail 10, acquires a
detected rail pressure Psensor and stores the acquired
detected rail pressure Psensor in the storage means.

(5) Rail pressure determination part

[0048] The rail pressure determination part 69, when
the satisfaction of a restarting condition is transmitted
from the restarting condition satisfaction detection part
62, continuously reads a detected rail pressure Psensor
and determines whether or not the detected rail pressure
Psensor is equal to or more than a predetermined thresh-
old value Prail-thr1. The threshold value Prail_thr1 is set
to a value which prevents a load applied to a driving sys-
tem of the high pressure pump 5 from being increased
even when driving of the high pressure pump 5 is started.
For example, the threshold value Prail_thr1 is set to a
value which is larger than the injectable pressure which
enables normal injection from the fuel injection valve 13
and smaller than rail pressure Pra=a1 which is estimated
to be generated when a holding current A1 is supplied
to the pressure control valve 12 when the diesel engine
40 is automatically stopped by an idling stop control.
[0049] The rail pressure determination part 69, when
the detected rail pressure Psensor is equal to or more
than the threshold value Prail_thr1, transmits an instruc-
tion signal for opening the pressure control valve 12 to
the pressure control valve control part 75. Further, the
rail pressure determination part 69 is configured to trans-
mit a start permission instruction to the fuel injection valve
control part 71 and the starter control part 77 when the
detected rail pressure Psensor takes a value less than
the threshold value Prail_thr1.

(6) Flow rate control valve control part and pressure con-
trol valve control part

[0050] The flow rate control valve control part 73 and
the pressure control valve control part 75 execute, basi-
cally, an energization control of the flow rate control valve
8 and the pressure control valve 12 respectively so that
a detected rail pressure Psensor becomes a target rail
pressure Ptgt. To be more specific, the flow rate control
valve control part 73 controls a flow rate of fuel to be
supplied to the pressurizing chamber 5a of the high pres-
sure pump 5 by adjusting opening of the flow rate control
valve 8 so that a flow rate of high pressure fuel supplied
under pressure to the common rail 10 from the high pres-
sure pump 5 is changed whereby a rail pressure is ad-
justed. On the other hand, the pressure control valve con-
trol part 75 controls a flow rate of return fuel discharged
to the return passage 30b from the common rail 10 by
adjusting opening of the pressure control valve 12 thus
adjusting a rail pressure.
[0051] Whether a control of a rail pressure is performed
by the flow rate control valve control part 73, by the pres-
sure control valve control part 75 or by both the flow rate
control valve control part 73 and the pressure control
valve control part 75 is determined depending on a
traveling state of the vehicle and an operation state of
the diesel engine 40. However, at the time of starting the
diesel engine 40, the control of the rail pressure is not
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performed until the engine speed Ne detected by the
speed sensor 45 reaches a predetermined engine speed
NeO, and the flow rate control valve 8 is basically held
in a fully opened state and the pressure control valve 12
is basically closed.
[0052] 1 Further, the flow rate control valve control part
73 interrupts the energizing of the flow rate control valve
8 when a signal indicating the satisfaction of an idling
stop condition is transmitted to the flow rate control valve
control part 73 from the idling stop control part 63. Since
the flow rate control valve 8 of this embodiment has the
normally-open constitution, when the energizing is inter-
rupted at the moment the diesel engine 40 is automati-
cally stopped, the flow rate control valve 8 is fully closed.
[0053] Further, when the pressure control valve control
part 75 receives an instruction of a control to be per-
formed accompanying with the satisfaction of an idling
stop condition from the idling stop control part 63, the
pressure control valve control part 75 performs a control
of continuously supplying a predetermined holding cur-
rent A1 to the pressure control valve 12. This holding
current A1 is a control value by which a rail pressure is
adjusted to a value larger than the injectable pressure,
and is set to a value by which the rail pressure at the time
of restarting the engine which is equal to or more than
the injectable pressure is ensured even when the diesel
engine 40 is automatically stopped for a relatively long
time.
[0054] By supplying the holding current A1 to the pres-
sure control valve 12, after the diesel engine 40 is auto-
matically stopped, in an initial stage, some of high pres-
sure fuel in the common rail 10 is discharged to the return
passage 30b until a rail pressure becomes the pressure
Pra=a1 corresponding to the holding current A1. There-
after, although the rail pressure is gradually lowered due
to leaking of fuel thorough a fine gap present in a fuel
high-pressure system, the rail pressure at the time of
restarting can be easily maintained at the injectable pres-
sure or more unless the diesel engine 40 is continuously
stopped for a long time.
[0055] Further, the pressure control valve control part
75, when a rail pressure assumes a threshold value Prail_
thr1 or more when a restarting condition of the diesel
engine 40 is satisfied and the pressure control valve con-
trol part 75 receives an instruction to open the pressure
control valve 12 outputted from the rail pressure deter-
mination part 69, performs a control of changing over a
current value of an electric current supplied to the pres-
sure control valve 12 from a holding current Al to a valve
opening current A2. This valve opening current A2 is set
in advance to a current value by which the rail pressure
becomes less than the threshold value Prail_thr1 and is
equal to or more than the injectable pressure.
[0056] When a valve opening current A2 is supplied to
the pressure control valve 12 in a state where the rail
pressure is threshold value Prail_thr1 or more, the pres-
sure control valve 12 is opened so that the rail pressure
is lowered to become lower than the threshold value

Prail_thr1. That is, although the pressure control valve
12 is basically closed at the time of restarting the diesel
engine 40, a valve opening current A2 is supplied to the
pressure control valve 12 when the detected rail pressure
Psensor at the time of satisfying a restarting condition
assumes a threshold value Prail_thr1 or more so that the
pressure control valve 12 is opened.
[0057] As described above, the valve opening current
A2 is set to the current value by which the rail pressure
becomes less than the threshold value Prail_thr1 and
becomes equal to or more than the injectable pressure
and hence, even when the rail pressure is lowered to a
value less than the threshold value Prail_thr1, the restart-
ability of the diesel engine 40 is not influenced by such
lowering of the rail pressure.
[0058] Besides setting the valve opening current A2
supplied to the pressure control valve 12 to a fixed value
in advance, for example, when a detected rail pressure
Psensor immediately before the diesel engine 40 is au-
tomatically stopped by an idling stop control takes a value
less than the threshold value Prail_thr1, a current value
of an electric current supplied to the pressure control
valve 12 in such a state may be also set as the valve
opening current A2. By setting the valve opening current
A2 in such a manner, it is possible to prevent the rail
pressure after the valve opening current A2 is supplied
to the pressure control valve 12 from becoming less than
the injectable pressure.

4. Specific flow of method of controlling internal combus-
tion engine

[0059] Next, one example of a control of the diesel en-
gine 40 executed by the above-mentioned control device
60 of the internal combustion engine is specifically ex-
plained in conjunction with a time in chart shown in Fig.
4 and a control flow shown in Fig. 5.
[0060]  In the control flow shown in Fig. 5, in step S11
after starting the control, it is determined whether or not
a predetermined idling stop condition is satisfied (period
from t0 to t1 in Fig. 4). When the idling stop condition is
satisfied, the processing advances to step S12 where
the fuel injection by the fuel injection valve 13 is stopped
so that the diesel engine 40 is stopped, and the supply
of a holding current A1 to the pressure control valve 12
is started in step S13 (t1 in Fig. 4).
[0061] Next, it is determined whether or not a prede-
termined restarting condition is satisfied in step S14. This
step S14 is repeated until the restarting condition is sat-
isfied (period from t1 to t2 in Fig. 4), and when the re-
starting condition is satisfied, the processing advances
to step S15.
[0062] In step S15, a detected rail pressure Psensor
is read, and it is also determined whether or not the de-
tected rail pressure Psensor is equal to or more than a
threshold value Prail_thr1 (t2 in Fig. 4). When it is deter-
mined that the detected rail pressure Psensor takes a
value less than the threshold value Prail_thr1, the
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processing advances to step S18 where the starter 44 is
operated in such a state and the fuel injection from the
fuel injection valve 13 is started so that the diesel engine
40 is restarted. On the other hand, when it is determined
that the detected rail pressure Psensor is equal to or more
than the threshold value Prail_thr1 in step S15, the
processing advances to step S16 where an electric cur-
rent supplied to the pressure control valve 12 is changed
over to a valve opening current A2 from the holding cur-
rent A1. Due to such an operation, the pressure control
valve 12 is opened so that the lowering of the rail pressure
is started along with such valve opening.
[0063] Then, the detected rail pressure Psensor is con-
tinuously read, and it is determined whether or not the
detected rail pressure Psensor takes a value less than
the threshold value Prail_thr1 in step S17 until the de-
tected rail pressure Psensor becomes less than the
threshold value Prail_thr1 (period from t2 to t3 in Fig. 4).
When the detected rail pressure Psensor becomes less
than the threshold value Prail_thr1, the processing ad-
vances to step S18 where the starter 44 is operated and
the fuel injection from the fuel injection valve 13 is started
so that the diesel engine 40 is restarted (t3 in Fig. 4).
[0064] After the diesel engine 40 is restarted, it is de-
termined whether or not an engine speed Ne reaches a
predetermined engine speed NeO in step S19 (period
from t3 to t4 in Fig. 4). When it is determined that the
engine speed Ne reaches the predetermined engine
speed NeO, the processing advances to step S20 so that
the control of the diesel engine 40 is shifted to a rail pres-
sure control mode (t4 in Fig. 4).
[0065] By opening the pressure control valve 12 at the
time of restarting the diesel engine 40 in this manner,
when the fuel injection from the fuel injection valve 13 is
started so that driving of the high pressure pump 5 is
started, a state where the rail pressure is lowered is
brought about. Accordingly, there is no possibility that
the pressure in the pressurizing chamber 5a is remark-
ably increased and hence, a large force for elevating the
plunger 7 becomes unnecessary. Accordingly, it is pos-
sible to obviate a phenomenon that a large load is applied
to a drive system of a high pressure pump 5 in a state
where an oil film at a contact portion between a cam 15
and the roller 54 of the tappet structural body 58 is insuf-
ficient.
[0066] In the above-mentioned embodiment, the ex-
planation has been made with respect to the example
which uses the accumulator fuel injection device 50 hav-
ing the constitution where a leak passage for fuel other
than fuel used for a back pressure control is not provided
to the fuel injection valve so that a rail pressure is hardly
lowered at the time of automatically stopping the diesel
engine 40. However, the present invention is not limited
to the case which uses such an accumulator fuel injection
device 50.
Even when an accumulator fuel injection device having
the constitution where a fuel injection valve includes a
leak passage for fuel other than fuel used for a back pres-

sure control so that a rail pressure is lowered at the time
of automatically stopping the diesel engine is used, by
opening the pressure control valve 12 when the rail pres-
sure is at a relatively high state at the time of satisfaction
of a restarting condition of the diesel engine 40, a load
applied to a drive system of a high pressure pump can
be decreased.

[Second embodiment]

[0067] A control device of the internal combustion en-
gine according to the second embodiment of the present
invention is configured to perform a control of opening a
pressure control valve before a restarting condition of the
internal combustion engine is satisfied. Hereinafter, the
control device for an internal combustion engine and a
method of controlling the internal combustion engine ac-
cording to this embodiment are explained by focusing on
a point by which the control device for an internal com-
bustion engine and the method of controlling the internal
combustion engine according to this embodiment differ
from the control device for an internal combustion engine
and the method of controlling the internal combustion
engine according to the first embodiment.

1. Control device

[0068] A control device for a diesel engine 40 accord-
ing to this embodiment basically has the substantially
same constitution as the control device 60 for an internal
combustion engine according to the first embodiment.
However, in the control device for a diesel engine 40
according to this embodiment, a function of opening a
pressure control valve in advance by determining that a
restarting condition will be satisfied in a short time at the
time of automatically stopping the diesel engine 40 by an
idling stop control is added to a restarting condition sat-
isfaction detection part and a rail pressure determination
part.
[0069] In the control device of this embodiment, the
restarting condition satisfaction detection part basically
has substantially same function as the restarting condi-
tion satisfaction detection part of the control device ac-
cording to the first embodiment. Further, the restarting
condition satisfaction detection part is configured to de-
termine that a restarting condition will be satisfied in a
short time when some of the plural restarting conditions
are satisfied and to transmit a restarting condition satis-
fying preliminary signal to a rail pressure determination
part.
[0070]  To be more specific, it is often the case where
out of the plural restarting conditions exemplified in the
first embodiment, for example, the release of the detec-
tion position of the gear sensor from a neutral state is
performed in a stage prior to a step-in operation of an
acceleration pedal. When the restarting condition satis-
faction detection part detects information based on which
it can be determined that such a restarting condition will
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be satisfied in a short time, the restarting condition sat-
isfaction detection part transmits a restarting condition
satisfying preliminary signal to the rail pressure determi-
nation part. Information for determining that the restarting
condition will be satisfied in a short time is not limited to
information used in the above-mentioned example.
[0071] Then, when the rail pressure determination part
receives the restarting condition satisfying preliminary
signal from the restarting condition satisfaction detection
part, the rail pressure determination part determines
whether or not the detected rail pressure Psensor is equal
to or more than a predetermined threshold value Prail_
thr1. When it is determined that the detected rail pressure
Psensor is equal to or more than the threshold value
Prail_thr1, the rail pressure determination part transmits
an instruction to open a pressure control valve 12 to a
pressure control valve control part 75. As a result, the
pressure control valve 12 is opened before the satisfac-
tion of the restarting condition so that the lowering of the
rail pressure is started along with such valve opening.
Accordingly, the rail pressure becomes less than the
threshold value Prail_thr1 at the time of satisfaction of
the restarting condition, or even when the rail pressure
is equal to or more than the threshold value Prail_thr1 at
the time of satisfaction of the restarting condition, there-
after, time necessary for the rail pressure to become the
threshold value Prail_thr1 is shortened so that a time
before restarting can be shortened.

2. Specific flow of method of controlling internal combus-
tion engine

[0072] Next, one example of a control of the diesel en-
gine 40 executed by the above-mentioned control device
of this embodiment is specifically explained in conjunc-
tion with a time chart shown in Fig. 6 and a control flow
shown in Fig. 7.
[0073] In the control flow shown in Fig. 7, in step S51
after starting the control, it is determined whether or not
a predetermined idling stop condition is satisfied (period
from t0 to t1 in Fig. 6). When the idling stop condition is
satisfied, the processing advances to step S52 where
the fuel injection by the fuel injection valve 13 is stopped
so that the diesel engine 40 is stopped, and the supply
of a holding current A1 to the pressure control valve 12
is started in step S53 (t1 in Fig. 6).
[0074] Next, it is determined whether or not the diesel
engine 40 will be restarted in a short time in step S54.
This step S54 is repeated until a restarting condition sat-
isfying preliminary signal is detected (period from t1 to
t2 in Fig. 6), and when it is determined that the diesel
engine 40 will be restarted in a short time, the processing
advances to step S55.
[0075] In step S55, a detected rail pressure Psensor
is read, and it is also determined whether or not the de-
tected rail pressure Psensor is equal to or more than a
threshold value Prail_thr1 (t2 in Fig. 6). When it is deter-
mined that the detected rail pressure Psensor takes a

value less than the threshold value Prail_thr1, the
processing directly advances to step S57. On the other
hand, when it is determined that the detected rail pres-
sure Psensor is equal to or more than the threshold value
Prail_thr1, the processing advances to step S56 where
an electric current supplied to the pressure control valve
12 is changed over to a valve opening current A2 from
the holding current A1 and, thereafter, the processing
advances to step S57. Due to the supply of the valve
opening current A2 to the pressure control valve 12, the
pressure control valve 12 is opened so that the lowering
of the rail pressure is started along with such valve open-
ing.
[0076] In step S57, the determination on whether or
not the restarting condition is satisfied is repeated until
the restarting condition is satisfied (period from t2 to t3
in Fig. 6). When the restarting condition is satisfied, the
processing advances to step S58, and it is determined
whether or not the detected rail pressure Psensor takes
a value less than the threshold value Prail_thr1 (t3 in Fig.
6). When it is determined that the detected rail pressure
Psensor takes a value less than the threshold value Prail_
thr1, the processing advances to step S59 where a starter
44 is operated and the fuel injection from the fuel injection
valve 13 is started thus restarting the diesel engine 40
(t4 in Fig. 6). On the other hand, when it is determined
that the detected rail pressure Psensor is not lowered to
a value less than the threshold value Prail_thr1, this step
S58 is repeated until the detected rail pressure Psensor
becomes less than the threshold value Prail_thr1 (period
from t3 to t4 in Fig. 6).
[0077] After the diesel engine 40 is restarted, it is de-
termined whether or not an engine speed Ne reaches a
predetermined engine speed NeO in step S60 (period
from t4 to t5 in Fig. 6). When it is determined that the
engine speed Ne reaches the predetermined engine
speed NeO, the processing advances to step S61 so that
the control of the diesel engine 40 is shifted to a rail pres-
sure control mode (point of time t5 in Fig. 6).
[0078] By opening the pressure control valve 12 before
the satisfaction of the restarting condition of the diesel
engine 40 in this manner, the rail pressure can be lowered
during a period before the restarting condition is satisfied.
Accordingly, a time from a point of time that the restarting
condition is satisfied to a point of time that restarting is
allowed can be shortened so that restartability of the die-
sel engine 40 can be enhanced. Further, when the fuel
injection from the fuel injection valve 13 is started so that
driving of the high pressure pump 5 is started, a state
where the rail pressure is lowered is brought about. Ac-
cordingly, there is no possibility that the pressure in the
pressurizing chamber 5a is remarkably increased and
hence, a large force for elevating a plunger 7 becomes
unnecessary. Accordingly, it is possible to obviate a phe-
nomenon that a large load is applied to a drive system
of a high pressure pump 5 in a state where an oil film at
a contact portion between a cam 15 and a roller 54 of a
tappet structural body 58 is insufficient.
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Claims

1. A control device for an internal combustion engine
which is a control device for performing a control of
the internal combustion engine by an accumulator
fuel injection device, the control device comprising:
a common rail to which a fuel injection valve is con-
nected; a high pressure pump which supplies fuel to
the common rail under pressure; and a pressure con-
trol valve which adjusts a flow rate of fuel discharged
from the common rail, the control device of the inter-
nal combustion engine capable of performing an
idling stop control, the control device comprising:

an idling stop condition satisfaction detection
part which detects that a predetermined idling
stop condition is satisfied and outputs an instruc-
tion to automatically stop the internal combus-
tion engine;
a restarting condition satisfaction detection part
which detects that a predetermined restarting
condition is satisfied during an automatic stop
of the internal combustion engine and outputs
an instruction to restart the internal combustion
engine;
a rail pressure detection part which detects pres-
sure in the common rail; and
a pressure control valve control part which
opens the pressure control valve before restart-
ing the internal combustion engine when the
pressure in the common rail becomes a prede-
termined threshold value or more at the time of
the satisfaction of the restarting condition.

2. The control device for an internal combustion engine
according to claim 1, wherein the threshold value is
a value set based on a load allowed to be applied to
a drive system of the high pressure pump from the
high pressure pump.

3. The control device for an internal combustion engine
according to claim 1 or 2, wherein the restarting con-
dition satisfaction detection part detects that the re-
starting condition is satisfied in a short time before
the satisfaction of the restarting condition, and
the pressure control valve control part opens the
pressure control valve when it is detected that the
restarting condition is satisfied in a short time and
the pressure in the common rail assumes the thresh-
old value or more.

4. The control device for an internal combustion engine
according to any one of claims 1 to 3, wherein the
control device comprises a rail pressure determina-
tion part which restarts the internal combustion en-
gine when the pressure in the common rail becomes
less than the threshold value after the restarting con-
dition is satisfied.
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