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(54) FUEL-INJECTION CONTROLLER FOR ENGINE

(57) There is provided a fuel-injection controller for
an engine (1) that includes an air intake passage fuel
injection valve (10) for injecting fuel to an intake port (4),
and an inside cylinder fuel injection valve (11) for injecting
fuel pressurized by a high pressure pump (20) into a com-
bustion chamber (3). The high pressure pump (20) in-
cludes a plunger that reciprocates four times in a com-
pressing chamber per one rotation of a drive shaft driven
by the engine (1) to pressurize fuel in the compressing
chamber, and a spill valve that opens and closes a supply
passage of fuel to the compressing chamber. In addition,
the fuel-injection controller for an engine includes a con-
trol unit (32) that controls driving of the spill valve. When
the inside cylinder fuel injection valve (11) injects fuel,
the control unit (32) changes the control of the spill valve
to be driven twice per one rotation of the drive shaft during
middle load driving with a load lower than a load during
high load driving from four times per one rotation of the
drive shaft during the high load driving.



EP 2 896 814 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a fuel injection
control technique of an engine, capable of inside cylinder
fuel injection and air intake passage fuel injection.

Background Art

[0002] There is known an engine that includes an in-
side cylinder fuel injection valve for injecting fuel into a
combustion chamber, and an air intake passage fuel in-
jection valve for injecting fuel into an air intake passage,
ant that controls the amount of fuel injection in each of
the fuel injection valves in response to a rotational speed
and a load of the engine.
[0003] Fuel pressurized highly by a high pressure
pump is supplied to the inside cylinder fuel injection valve,
so that the fuel can be injected into a combustion cham-
ber in which pressure becomes high.
[0004] The high pressure pump is provided with a cam
in a drive shaft that is driven by a crankshaft and a cam-
shaft of the engine, for example. In the high pressure
pump, drive of the cam with rotation of the drive shaft
allows a plunger to reciprocate in a compressing cham-
ber to pressurize fuel introduced in the compressing
chamber and discharge the fuel under high pressure.
[0005] The high pressure pump includes a spill valve
that is an opening/closing valve of an electromagnetic
drive type, and that is provided between a supply pas-
sage through which fuel is supplied to the compressing
chamber, and the compressing chamber. In addition, the
high pressure pump is generally configured to provide a
plurality of cam ridges in the cam provided in the drive
shaft to allow the plunger to reciprocate multiple times
per one rotation of the drive shaft, in order to ensure the
amount of fuel injection.
[0006] Further, there is proposed a control technique
in which operation and stop of a spill valve are switched
on the basis of a driving state of an engine so that dis-
charge pressure of fuel from a high pressure pump can
be changed (refer to Patent Document 1).
[0007] In Patent Document 1, the spill valve is operated
in an idle state on a low load side so that only an inside
cylinder fuel injection valve directly injects fuel under high
pressure into the inside of a cylinder to enable stable fuel
injection. In an idle state on a high load side, the spill
valve is stopped so that the inside cylinder fuel injection
valve and an air intake passage fuel injection valve inject
fuel under low pressure, at a predetermined sharing rate,
to enable the spill valve to reduce an operation sound.

Prior Art Document

Patent Document

[0008] Patent Document 1: Japanese Patent No.

4428293

Summary of the Invention

Problems to be solved by the Invention

[0009] Unfortunately, in Patent Document 1 described
above, the spill valve is operated to enable stable fuel
injection on the low load side in the idle state, the spill
valve is stopped only on the high load side in the idle
state. Thus, a range in which the operation sound of the
spill valve can be reduced is limited to a part of the idle
state, so that it is desired that the operation sound of the
spill valve is reduced in a wider driving range of the en-
gine. In addition, it is difficult to reduce an operation sound
of the spill valve by only switching operation and stop of
the spill valve, while fuel is appropriately supplied in a
wider engine driving range of the engine including fuel
injection by combination of the air intake passage fuel
injection valve and the inside cylinder fuel injection valve,
and stable combustion is achieved.
[0010] The present invention has been made to solve
the problem to be solved described above, and an object
of the present invention is to provide a fuel-injection con-
troller for an engine, capable of reducing an operation
sound of a spill valve of a high pressure pump in a wide
driving range.

Means for Solving the Problems

[0011] In order to achieve the object described above,
the invention according to Claim 1 is a fuel-injection con-
troller for an engine, the engine including a high pressure
pump, an air intake passage fuel injection device config-
ured to inject fuel into an air intake passage, and an inside
cylinder fuel injection device configured to inject fuel
pressurized by a high pressure pump into a combustion
chamber. The high pressure pump includes a plunger
that moves in a compressing chamber to pressurize fuel
in the compressing chamber, and a spill valve that opens
and closes a supply passage of fuel to the compressing
chamber. And the fuel-injection controller includes con-
trol device that controls fuel injection by the air intake
passage fuel injection device, and fuel injection by the
inside cylinder fuel injection device on the basis of a driv-
ing state of the engine, as well as that controls drive of
the spill valve with drive of the plunger, in order to control
a discharge state of fuel from the high pressure pump.
At the time of fuel injection by the inside cylinder fuel
injection device, the control device controls the spill valve
to reduce an operation frequency thereof as a load of the
engine decreases.
[0012] In the invention according to Claim 2, the control
device controls the spill valve to stop driving during low
load driving of the engine to stop fuel injection from the
inside cylinder fuel injection device to allow the air intake
passage fuel injection device to inject fuel, controls the
spill valve to be driven during high load driving with a load
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higher than a load during the low load driving to allow the
inside cylinder fuel injection device to inject fuel, and con-
trols the spill valve to be driven during middle load driving,
which is a driving range between a driving range during
the low load driving and a driving range during the high
load driving, at a frequency less than a frequency of op-
eration during the high load driving to allow the inside
cylinder fuel injection device as well as the air intake pas-
sage fuel injection device to inject fuel.
[0013] In the invention according to Claim 3, in a case
where discharge pressure of fuel from the high pressure
pump is less than a specified value during the middle
load driving, the control device controls the air intake pas-
sage fuel injection device to inject fuel to replenish a
shortage of fuel that is a difference between the amount
of fuel injection from the inside cylinder fuel injection de-
vice and the necessary amount of fuel injection set on
the basis of at least a load of the engine.
[0014] In the invention according to Claim 4, the control
device sets the amount of fuel injection by the air intake
passage fuel injection device at a specified value during
the high load driving, and controls the inside cylinder fuel
injection device to inject fuel for a shortage of fuel that is
a difference between the amount of fuel injection from
the air intake passage fuel injection device and the nec-
essary amount of fuel injection set on the basis of at least
a load of the engine.
[0015] In the invention according to Claim 5, the control
device sets the amount of fuel injection from the air intake
passage fuel injection device at more than the amount
of fuel injection from the inside cylinder fuel injection de-
vice during the middle load driving.
[0016] In the invention according to Claim 6, the control
device sets the amount of fuel injection from the inside
cylinder fuel injection device at more than the amount of
fuel injection from the air intake passage fuel injection
device during the high load driving.
[0017] In the invention according to Claim 7, the control
device further controls valve closing timing of the spill
valve in a variable manner on the basis of a driving state
of the engine at the time of fuel injection by the inside
cylinder fuel injection device.

Advantageous Effects of the Invention

[0018] According to the invention of Claim 1, at the time
of fuel injection by the inside cylinder fuel injection device,
an operation frequency of the spill valve is reduced with
a decrease in a load of the engine, so that an operation
sound of the spill valve can be reduced during the low
load driving. In addition, in a state where a load of the
engine rises, it is possible to highly maintain discharge
pressure of fuel from the high pressure pump while an
operation frequency of the spill valve is ensured. As a
result, output power can be increased while the amount
of fuel injection from the inside cylinder fuel injection de-
vice is ensured.
[0019] As above, in a state where a load of the engine

is high, while an operation frequency of the spill valve is
increased to ensure discharge pressure of the high pres-
sure pump, an operation frequency of the spill valve is
reduced with a decrease in a load of the engine. As a
result, a range of reducing the operation frequency of the
spill valve is set to a wide range without limiting to an idle
state so that the operation sound of the spill valve can
be reduced.
[0020] According to the invention of Claim 2, during
the low load driving, the spill valve is controlled so that
drive of the spill valve is stopped to stop fuel injection
from the inside cylinder fuel injection device to allow the
air intake passage fuel injection device to inject fuel. As
a result, the operation sound of the spill valve in the high
pressure pump can be eliminated. During the high load
driving, the inside cylinder fuel injection device injects
fuel, so that filling efficiency is improved by an intake
cooling effect to enable output power to increase. In ad-
dition, during the middle load driving, while output power
is ensured by fuel injection from the inside cylinder fuel
injection device and fuel injection from the air intake pas-
sage fuel injection device, the operation sound can be
reduced by reducing the operation frequency of the spill
valve.
[0021] According to the invention of Claim 3, even if
the amount of fuel injection from the inside cylinder fuel
injection device lacks during the middle load driving, the
shortage of fuel is replenished by injection fuel from the
air intake passage fuel injection device. As a result, the
necessary amount of fuel injection can be filled without
increasing the number of drives of the spill valve, so that
the operation sound of the spill valve can be reduced.
[0022] According to the invention of Claim 4, during
the high load driving, the amount of fuel injection by the
air intake passage fuel injection device is set at a spec-
ified value, and the inside cylinder fuel injection device
injects fuel for a shortage of fuel. As a result, it is possible
to further obtain an intake cooling effect inside the cylin-
der by actively using fuel injection from the inside cylinder
fuel injection device, so that output power of the engine
can be increased.
[0023] According to the invention of Claim 5, during
the middle load driving, the amount of fuel injection from
the air intake passage injection device is set at more than
the amount of fuel injection from the inside cylinder fuel
injection device, so that it is possible to promote atomi-
zation of fuel to improve fuel consumption.
[0024] According to the invention of Claim 6, during
the high load driving, the amount of fuel injection from
the inside cylinder fuel injection device is set at more than
the amount of fuel injection from the air intake passage
fuel injection device, so that it is possible to improve an
intake cooling effect to increase output power.
[0025] According to the invention of Claim 7, an oper-
ation frequency of the spill valve is not only controlled
but valve closing timing thereof is controlled, in a variable
manner on the basis of a driving state of the engine, so
that it is possible to minutely control discharge pressure

3 4 



EP 2 896 814 A1

4

5

10

15

20

25

30

35

40

45

50

55

of the high pressure pump. Thus, discharge pressure of
the high pressure pump is minutely controlled in accord-
ance with the amount of fuel injection from the inside
cylinder fuel injection device, so that it is possible to re-
duce friction of the plunger at the time of operation to
further improve fuel consumption.

Brief Description of the Drawings

[0026]

FIG. 1 is a schematic structural view of a fuel supply
system of an engine provided with a fuel-injection
controller of one embodiment of the present inven-
tion.
FIG. 2 is a schematic structural view of high pressure
pump in accordance with the present embodiment.
FIG. 3 is a flow chart showing a drive control proce-
dure of a fuel injection control and a spill valve in a
control unit.
FIG. 4 is a flow chart showing a drive control proce-
dure of a fuel injection control and a spill valve in a
control unit.
FIG. 5 is a map for determining a fuel injection mode.

Mode for Carrying out the Invention

[0027] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings.
[0028] FIG. 1 is a schematic structural view of a fuel
supply system of an engine 1 provided with a fuel-injec-
tion controller of one embodiment of the present inven-
tion. FIG. 2 is a schematic structural view of a high pres-
sure pump 20.
[0029] The engine 1 in accordance with one embodi-
ment of the present invention is an engine for traveling
drive of an automobile, for example. As shown in FIG. 1,
the engine 1 is provide with a cylinder head 2 that in-
cludes: an intake port 4 (air intake passage) and an ex-
haust port 5 that communicate with a combustion cham-
ber 3; an intake valve 6 for opening and closing a portion
between the intake port 4 and the combustion chamber
3; an exhaust valve 7 for opening and closing a portion
between the exhaust port 5 and the combustion chamber
3; and an ignition plug 8 provided with an electrode facing
to the combustion chamber 3.
[0030] Further, the cylinder head 2 of the engine 1 of
the present embodiment includes an air intake passage
fuel injection valve 10 for injecting fuel into the intake port
4, and an inside cylinder fuel injection valve 11 for inject-
ing fuel into the combustion chamber 3.
[0031] The air intake passage fuel injection valve 10
is provided with an injection port arranged in the intake
port 4, and injects fuel under low pressure supplied from
a fuel tank 12 by a feed pump 13 into the intake port 4.
Fuel injection by the air intake passage fuel injection
valve 10 is indicated as air intake passage fuel injection

(PI).
[0032] The inside cylinder fuel injection valve 11 is pro-
vided with an injection port arranged in the combustion
chamber 3, and injects fuel under high pressure supplied
from the high pressure pump 20 into the combustion
chamber 3. The high pressure pump 20 pressurizes fuel
under low pressure supplied from the feed pump 13 and
supplies the fuel to the inside cylinder fuel injection valve
11. Fuel injection by the inside cylinder fuel injection valve
11 is indicated as inside cylinder fuel injection (DI).
[0033] In addition, in a fuel supply passage between
the high pressure pump 20 and the inside cylinder fuel
injection valve 11, a pressure sensor 14 is provided to
detect discharge pressure of fuel from the high pressure
pump 20 indicated as delivery fuel pressure Pd.
[0034] As shown in FIG. 2, the high pressure pump 20
is provided with a plunger 22 that is allowed to reciprocate
in a cylindrical cylinder 21. The plunger 22 is moved by
a cam 24 provided in a drive shaft 23. The drive shaft 23
is coupled to an intake cam shaft (not shown) of the en-
gine 1, for example, and therefore the plunger 22 is re-
ciprocated in the cylinder 21 by drive of the engine 1 to
change the volume of a compressing chamber 25 in the
cylinder 21. The present embodiment is configured so
that the cam 24 is formed into a substantially square plate
shape with smoothed corners 24a, and is arranged so
as to press the plunger 22 with the four corners 24a to
reduce the volume of the compressing chamber 25, and
the plunger 22 reciprocates four times per one rotation
of the drive shaft 23.
[0035] The cylinder 21 includes a supply passage 26
through which fuel is supplied to the compressing cham-
ber 25, and a discharge passage 27 through which fuel
is discharged from the compressing chamber 25. Further,
the cylinder 21 includes a spill valve 28 that opens and
closes the supply passage 26, and a discharge valve 29
that opens and closes the discharge passage 27. The
supply passage 26 and the discharge passage 27 are
connected to the feed pump 13 and the inside cylinder
fuel injection valve 11, respectively.
[0036] The spill valve 28 is urged by a spring 30 so as
to be opened, as well as is configured to be closed by
energizing a solenoid 31. The solenoid 31 receives elec-
tric power as a spill valve driving signal from a control
unit (ECU) 32 to close the spill valve 28.
[0037] The discharge valve 29 is urged by a spring 33
so as to be closed, and is configured to be opened in a
case where a differential pressure between a pressure
in the compressing chamber 25 and a pressure in the
discharge passage 27 is equal to or more than a specified
value, that is, the discharge valve 29 is set to be opened
when a pressure in the compressing chamber 25 rises
to a setting supply pressure to the inside cylinder fuel
injection valve 11 or more.
[0038] When the plunger 22 moves downward, namely
the volume of the compressing chamber 25 increases,
the spill valve 28 opens as shown in FIG. 2 so that fuel
is supplied into the compressing chamber 25 from the
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supply passage 26. When the plunger 22 moves upward,
namely the volume of the compressing chamber 25 de-
creases, a spill valve driving signal of closing the spill
valve 28 is temporarily supplied to the solenoid 31. Sub-
sequently, when the plunger 22 moves upward, the spill
valve 28 is maintained at a valve-closed state to pressu-
rize fuel in the compressing chamber 25.
[0039] Thus, in the high pressure pump 20, a spill valve
driving signal of closing the spill valve 28 is inputted into
the solenoid 31 each time when the plunger 22 starts
moving upward from bottom dead center of the plunger
22, so that the spill valve 28 repeatedly opens and closes,
and fuel is repeatedly pressurized in accordance with
vertical motion of the plunger 22. As a result, fuel under
high pressure can be discharged.
[0040] The control unit 32 is composed of an input-
output device, a storage device (such as a ROM, a RAM,
and a nonvolatile RAM), and a central processing unit
(CPU), and the like. The control unit 32 controls the air
intake passage fuel injection valve 10 and the inside cyl-
inder fuel injection valve 11 on the basis of accelerator
operation, engine rotational speed, and the like, to control
the amount of fuel injection, as well as controls operation
of the ignition plug 8, and the like to control operation of
the engine 1. In addition, the control unit 32 has a function
in which the delivery fuel pressure Pd is received from
the pressure sensor 14, and a crank angle is received
from a crank angle sensor 16 of the engine 1 to control
drive of the spill valve 28 of the high pressure pump 20
on the basis of a load and a rotational speed of the engine
1. The load of the engine 1 may be acquired on the basis
of an accelerator manipulated variable received from an
accelerator position sensor 17, for example, and the ro-
tational speed of the engine 1 may be acquired by meas-
uring a change of crank angles received from the crank
angle sensor 16.
[0041] Each of FIGS. 3 and 4 is a flow chart showing
a drive control procedure of a fuel injection control and
the spill valve 28 in the control unit 32. FIG. 5 is a map
for determining a fuel injection mode.
[0042] The present routine starts at the time of opera-
tion of starting the engine 1 with a key switch, and the like.
[0043] As shown in FIG. 3, in the present embodiment,
first in step S10, the engine 1 is started by controlling
operation of the inside cylinder fuel injection valve 11 or
the air intake passage fuel injection valve 10, the ignition
plug 8, and a starter motor (not shown), and processing
proceeds to step S20.
[0044] In step S20, drive of the spill valve 28 is started.
That is, a spill valve driving signal is outputted to the
solenoid 31 each time when the plunger 22 of the high
pressure pump 20 starts moving upward from bottom
dead center of the plunger 22, as described above, in
accordance with a crank angle received from the crank
angle sensor 16, so that fuel is pressurized, and the
processing proceeds to step S30.
[0045] In step S30, a fuel injection mode is determined
on the basis of a rotational speed and a load of the engine

1. The fuel injection mode is determined by using a fuel
injection mode map, such as shown in FIG. 5. As shown
in FIG. 5, a fuel injection mode during low load and low
rotational speed driving (corresponding to during low load
driving in the invention of the present application, includ-
ing an idle state) is determined as a PI mode, a fuel in-
jection mode during middle load driving is determined as
a "DI + PI (1)" mode, and a fuel injection mode during
high load driving is determined as a "DI + PI (2)" mode.
In the PI mode, the inside cylinder fuel injection valve 11
does not inject fuel, and only the air intake passage fuel
injection valve 10 injects fuel, and in the "DI + PI (1)" and
"DI + PI (2)" modes, both of the inside cylinder fuel injec-
tion valve 11 and the air intake passage fuel injection
valve 10 inject fuel. In addition, it is determined whether
the PI mode is determined, and if the PI mode is deter-
mined, the processing proceeds to step S40.
[0046] In step S40, the delivery fuel pressure Pd is in-
putted from the pressure sensor 14 so that it is deter-
mined whether the delivery fuel pressure Pd is equal to
or more than a specified value Pd1 (Pd ≥ Pd1?). The
specified value Pd1 may be set at a fuel pressure suffi-
cient for injecting fuel from the inside cylinder fuel injec-
tion valve 11 into the combustion chamber 3. If the de-
livery fuel pressure Pd is equal to or more than the spec-
ified value Pd1, the processing proceeds to step S50.
[0047] In step S50, output of a spill valve driving signal
is stopped. That is, drive of the spill valve 28 is stopped
so that the spill valve 28 is opened to stop pressurizing
fuel in the high pressure pump 20, and the processing
returns to step S30.
[0048] In step S40, if it is determined that the delivery
fuel pressure Pd is less than the specified value Pd1, the
processing proceeds to step S60.
[0049] In step S60, the spill valve 28 is driven as with
step S20. That is, if the spill valve 28 is driven, the spill
valve 28 is continuously driven, and if the spill valve 28
is not driven, drive of the spill valve 28 is started, and the
processing returns to step S30.
[0050] In step S30, if the PI mode is not determined,
namely the "DI + PI (1)" mode or the "DI + PI (2)" mode
is determined, the processing proceeds to step S70, as
shown in FIG. 4.
[0051] In step S70, the spill valve 28 is driven as with
step S60 to pressurize fuel in the high pressure pump
20, and the processing proceeds to step S80.
[0052] In step S80, operation of the inside cylinder fuel
injection valve 11 is controlled to start an inside cylinder
fuel injection, and the processing proceeds to step S90.
[0053] In step S90, a fuel injection mode is determined
as with step S30 to determine whether the fuel injection
mode is the "DI + PI (1)" mode. If it is determined that
the fuel injection mode is the "DI + PI (1)" mode, the
processing proceeds to step S100.
[0054] In step S100, the drive of the spill valve 28 is
set so as to be driven twice per one rotation of the drive
shaft 23 in the high pressure pump 20. That is, although
the high pressure pump 20 is configured so that the
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plunger 22 reciprocates four times per one rotation of the
drive shaft, as described above, a spill valve driving signal
is outputted every other reciprocation in the four recipro-
cations. Thus, fuel is pressurized in a volume in which
the plunger reciprocates twice per one rotation of the
drive shaft, so that the amount of discharge is halved as
compared with a case where a spill valve driving signal
is outputted every reciprocation of the plunger 22 to re-
duce discharge pressure, and the processing proceeds
to step S110.
[0055] In step S110, the delivery fuel pressure Pd is
inputted from the pressure sensor 14 as with step S40,
and it is determined whether the delivery fuel pressure
Pd is equal to or more than the specified value Pd1 (Pd
≥ Pd1?). If the delivery fuel pressure Pd is equal to or
more than the specified value Pd1, the processing re-
turns to step S90. If the delivery fuel pressure Pd is less
than the specified value Pd1, the processing proceeds
to step S120.
[0056] In step S120, a shortage of fuel is replenished
by the air intake passage fuel injection (PI). That is, the
amount of fuel injection from the inside cylinder fuel in-
jection valve 11 is set at a relatively small amount, and
the air intake passage fuel injection valve 10 is controlled
to inject fuel for a shortage of fuel that is a difference
between the amount of fuel injection from the inside cyl-
inder fuel injection valve 11 and the necessary amount
of fuel injection set on the basis of an engine rotational
speed and an engine load, and the processing returns
to step S90.
[0057] In step S90, if it is determined that a fuel injection
mode is not the "DI + PI (1)" mode, the processing pro-
ceeds to step S130.
[0058] In step S130, a fuel injection mode is deter-
mined as with step S30 to determine whether the fuel
injection mode is the "DI + PI (2)" mode. If it is determined
that the fuel injection mode is the "DI + PI (2)" mode, the
processing proceeds to step S140.
[0059] In step S140, the drive of the spill valve 28 is
set so as to be driven four times per one rotation of the
drive shaft 23. The setting is normal setting during oper-
ation of the high pressure pump 20, in which a spill valve
driving signal is outputted every reciprocation of the
plunger 22 in the high pressure pump 20 in which the
plunger 22 reciprocates four times per one rotation of the
drive shaft 23, and the processing proceeds to step S150.
[0060] In step S150, the amount of fuel injection into
the air intake passage, which is the amount of fuel injec-
tion by the air intake passage fuel injection valve 10, is
set at a specified value Vpi1 of a relatively small value,
and the processing proceeds to step S160.
[0061] In step S160, a shortage of fuel is replenished
by the inside cylinder fuel injection. That is, the inside
cylinder fuel injection valve 11 is controlled to inject fuel
for a shortage of fuel that is a difference between the
specified value Vpi1 described above and the necessary
amount of fuel injection set on the basis of an engine
rotational speed and an engine load, and the processing

proceeds to step S130.
[0062] In step S130, if it is determined that a fuel injec-
tion mode is not the "DI + PI (2)" mode, the processing
proceeds to step S170.
[0063] In step S170, it is determined whether the en-
gine 1 is stopped or not. If the engine 1 is stopped, the
present routine is finished, and if the engine 1 is not
stopped, the processing returns to step S30 shown in
FIG. 3.
[0064] In accordance with the control described above,
in the present embodiment, it is possible to change drive
of the spill valve 28 to two stages of two drives and four
drives, per one rotation of the drive shaft 23. As a result,
discharge performance of the high pressure pump 20
can be changed to two stages.
[0065] In addition, the PI mode is selected during low
load and low rotational speed driving of the engine 1 to
stop drive of the spill valve 28, so that it is possible to
eliminate an operation sound of the spill valve 28. Since
the necessary amount of fuel injection is small during low
load and low rotational speed driving, only the air intake
passage fuel injection without the inside cylinder fuel in-
jection can sufficiently fill the necessary amount even if
the maximum amount of fuel injection of the air intake
passage fuel injection valve 10 is small.
[0066] The "DI + PI (1)" mode is selected during middle
load driving of the engine 1, so that fuel injection is per-
formed by both of the inside cylinder fuel injection and
the air intake passage fuel injection. Accordingly, the
amount of the fuel injection can be increased as com-
pared with the PI mode, so that it is possible to sufficiently
fill the amount of fuel injection required during the middle
load driving. In addition, since drive of the spill valve 28
is set at two drives in the range, it is possible to reduce
an operation sound as compared with four drives of a
normal drive of the spill valve 28.
[0067] In the "DI + PI (1)" mode, or during middle load
driving, the amount of inside cylinder fuel injection is less
set, and a shortage of fuel is replenished by the air intake
passage fuel injection. Thus, the amount of the air intake
passage fuel injection is set to be more than the amount
of the inside cylinder fuel injection. Accordingly, since the
air intake passage fuel injection allows fuel to be easily
atomized until the fuel reaches to the combustion cham-
ber 3 after fuel injection, it is possible to improve fuel
consumption. In addition, the number of drives of the spill
valve 28 is reduced, so that friction of the spill valve 28
during operation can be reduced, as well as the number
of drives of the solenoid 31 can be reduced. As a result,
fuel consumption can be improved due to the points
above.
[0068] In a range of the "DI + PI (1)" mode, when even
a small amount of the inside cylinder fuel injection is pre-
formed, it is possible to reduce a deposit adhering to an
injection port of the inside cylinder fuel injection valve 11.
[0069] The "DI + PI (2)" mode is selected during high
load driving of the engine 1, so that fuel injection is per-
formed by both of the inside cylinder fuel injection and
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the air intake passage fuel injection, as well as the drive
of the spill valve 28 is set at four drives. Accordingly, the
high pressure pump 20 is allowed to exert its capability
as much as possible, so that it is possible to sufficiently
ensure fuel required during high load driving. In the "DI
+ PI (2)" mode, the number of operations of the spill valve
28 becomes twice as many as those in the "DI + PI (1)"
mode, so that an operation sound of the spill valve 28 is
not reduced. However, an engine sound increases during
high load driving, so that an operation sound of the spill
valve 28 does not easily become a problem.
[0070] In the "DI + PI (2)" mode, or during high load
driving, the amount of the air intake passage fuel injection
is less set, and a shortage of fuel is replenished by the
inside cylinder fuel injection. Thus, the amount of the in-
side cylinder fuel injection is set to be more than the
amount of the air intake passage fuel injection. Thus, it
is possible to sufficiently acquire an intake cooling effect
caused by a fuel injection into the combustion chamber
3 in the inside cylinder fuel injection. As a result, it is
possible to improve filling efficiency and increase output
power.
[0071] As above, in the present embodiment, the inside
cylinder fuel injection is not performed during low load
driving (during low load and low rotational speed) includ-
ing an idle state to stop operation of the spill valve 28 to
reduce a noise from the high pressure pump 20, as well
as during middle load driving, the number of operations
of the spill valve 28 is halved as compared with that during
high load driving to reduce an operation sound. As a re-
sult, it is possible to reduce the operation sound in a wide
driving range, such as during low load driving and during
middle load driving.
[0072] The invention of the present application is not
limited to the embodiment above. In the embodiment
above, for example, in a case where the number of op-
erations of the spill valve 28 during middle load driving
is set at two drives, the spill valve 28 is controlled to al-
ternately perform a stop and an operation one by one,
but each of the stop and the operation may be performed
twice alternately in four operations per one rotation of the
drive shaft 23, for example. However, when the stop and
the operation of the spill valve 28 is alternately performed
one by one as with the embodiment above, change of
the delivery fuel pressure Pd from the high pressure
pump 20 can be reduced as compared with those per-
formed for each multiple times. As a result, it is possible
to more accurately control fuel injection.
[0073] In addition, in the embodiment above, although
both of the inside cylinder fuel injection and the air intake
passage fuel injection are performed in the "DI + PI (2)"
mode, only the inside cylinder fuel injection may be per-
formed.
[0074] Further, in the "DI + PI (1)" mode or the "DI +
PI (2)" mode of the embodiment above, valve closing
timing of the spill valve 28 may be controlled in a variable
manner in accordance with the necessary amount of fuel
injection from the inside cylinder fuel injection valve 11.

If the valve closing timing of the spill valve 28 is set at a
time when the plunger 22 is positioned at its bottom dead
center, the delivery fuel pressure Pd, which is discharge
pressure from the high pressure pump 20, can be set
high. On the other hand, if the valve closing timing of the
spill valve 28 is set at a time when the plunger 22 moves
to a positon above its bottom dead center to form lag
setting, it is possible to reduce the delivery fuel pressure
Pd. In addition, when the lag setting is applied to the valve
closing timing of the spill valve 28 in accordance with a
driving state of the engine 1, where the necessary amount
of fuel injection from the inside cylinder fuel injection valve
11 is reduced, it is possible to reduce friction of the plung-
er 22 at the time of operation to further improve fuel con-
sumption.
[0075] The invention of the present application is wide-
ly applicable to an engine which includes air intake pas-
sage fuel injection device configured to inject fuel into an
air intake passage, and inside cylinder fuel injection de-
vice configured to injec fuel into a combustion chamber,
and in which a high pressure pump with a spill valve sup-
plies fuel under high pressure to the inside cylinder fuel
injection device.

Explanation of Reference Signs

[0076]

1 engine
10 air intake passage fuel injection valve (air intake

passage fuel injection device)
11 inside cylinder fuel injection valve (inside cylinder

fuel injection device)
20 high pressure pump
22 plunger
25 compressing chamber
28 spill valve
32 control unit (control device)

Claims

1. A fuel-injection controller for an engine, the engine
including a high pressure pump, an air intake pas-
sage fuel injection device configured to inject fuel
into an air intake passage, and an inside cylinder
fuel injection device configured to inject fuel pressu-
rized by the high pressure pump into a combustion
chamber;
the high pressure pump including a plunger that
moves in a compressing chamber to pressurize fuel
in the compressing chamber, and a spill valve that
opens and closes a supply passage of fuel to the
compressing chamber;
the fuel-injection controller comprising:

a control device that controls fuel injection by
the air intake passage fuel injection device, and
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fuel injection by the inside cylinder fuel injection
device on a basis of a driving state of the engine,
as well as that controls drive of the spill valve
with drive of the plunger, in order to control a
discharge state of fuel from the high pressure
pump, the control device controlling the spill
valve to reduce an operation frequency thereof
as a load of the engine decreases, at the time
of fuel injection by the inside cylinder fuel injec-
tion device.

2. The fuel-injection controller for an engine according
to Claim 1, wherein the control device controls the
spill valve to stop driving during low load driving of
the engine to stop fuel injection from the inside cyl-
inder fuel injection device to allow the air intake pas-
sage fuel injection device to inject fuel, controls the
spill valve to be driven during high load driving with
a load higher than a load during the low load driving
to allow the inside cylinder fuel injection device to
inject fuel, and controls the spill valve to be driven
during middle load driving, which is a driving range
between a driving range during the low load driving
and a driving range during the high load driving, at
a frequency less than a frequency of operation during
the high load driving to allow the inside cylinder fuel
injection device as well as the air intake passage fuel
injection device to inject fuel.

3. The fuel-injection controller for an engine according
to Claim 2, wherein in a case where discharge pres-
sure of fuel from the high pressure pump is less than
a specified value during the middle load driving, the
control device controls the air intake passage fuel
injection device to inject fuel to replenish a shortage
of fuel that is a difference between the amount of
fuel injection from the inside cylinder fuel injection
device and the necessary amount of fuel injection
set on a basis of at least a load of the engine.

4. The fuel-injection controller for an engine according
to Claim 2 or 3, wherein the control device sets the
amount of fuel injection by the air intake passage
fuel injection device at a specified value during the
high load driving, and controls the inside cylinder fuel
injection device to inject fuel for a shortage of fuel
that is a difference between the amount of fuel injec-
tion from the air intake passage fuel injection device
and the necessary amount of fuel injection set on
the basis of at least a load of the engine.

5. The fuel-injection controller for an engine according
to any one of Claims 2 to 4, wherein the control device
sets the amount of fuel injection from the air intake
passage fuel injection device at more than the
amount of fuel injection from the inside cylinder fuel
injection device during the middle load driving.

6. The fuel-injection controller for an engine according
to any one of Claims 2 to 5, wherein the control device
sets the amount of fuel injection from the inside cyl-
inder fuel injection device at more than the amount
of fuel injection from the air intake passage fuel in-
jection device during the high load driving.

7. The fuel-injection controller for an engine according
to any one of Claims 1 to 6, wherein the control device
further controls valve closing timing of the spill valve
in a variable manner on the basis of a driving state
of the engine at the time of fuel injection by the inside
cylinder fuel injection device.

Amended claims under Art. 19.1 PCT

1. A fuel-injection controller for an engine, the engine
including a high pressure pump, an air intake pas-
sage fuel injection device configured to inject fuel
into an air intake passage, and an inside cylinder
fuel injection device configured to inject fuel pressu-
rized by the high pressure pump into a combustion
chamber;
the high pressure pump including a plunger that is
moved in a compressing chamber by drive of a cam
with rotation of a drive shaft to pressurize fuel in the
compressing chamber, and a spill valve that opens
and closes a supply passage of fuel to the compress-
ing chamber;
the fuel-injection controller comprising:

a control device that controls fuel injection by
the air intake passage fuel injection device, and
fuel injection by the inside cylinder fuel injection
device on a basis of a driving state of the engine,
as well as that controls drive of the spill valve
with drive of the plunger, in order to control a
discharge state of fuel from the high pressure
pump, the control device controlling the spill
valve to reduce an operation frequency thereof
by reducing the number of drives of the spill
valve as compared with the number of drives of
the plunger per one rotation of the drive shaft,
as a load of the engine decreases, at the time
of fuel injection by the inside cylinder fuel injec-
tion device.

2. The fuel-injection controller for an engine accord-
ing to Claim 1, wherein the control device controls
the spill valve to stop driving during low load driving
of the engine to stop fuel injection from the inside
cylinder fuel injection device to allow the air intake
passage fuel injection device to inject fuel, controls
the spill valve to be driven during high load driving
with a load higher than a load during the low load
driving to allow the inside cylinder fuel injection de-
vice to inject fuel, and controls the spill valve to be
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driven during middle load driving, which is a driving
range between a driving range during the low load
driving and a driving range during the high load driv-
ing, at a frequency less than a frequency of operation
during the high load driving to allow the inside cylin-
der fuel injection device as well as the air intake pas-
sage fuel injection device to inject fuel.

3. The fuel-injection controller for an engine accord-
ing to Claim 2, wherein in a case where discharge
pressure of fuel from the high pressure pump is less
than a specified value during the middle load driving,
the control device controls the air intake passage
fuel injection device to inject fuel to replenish a short-
age of fuel that is a difference between the amount
of fuel injection from the inside cylinder fuel injection
device and the necessary amount of fuel injection
set on a basis of at least a load of the engine.

4. The fuel-injection controller for an engine accord-
ing to Claim 2 or 3, wherein the control device sets
the amount of fuel injection by the air intake passage
fuel injection device at a specified value during the
high load driving, and controls the inside cylinder fuel
injection device to inject fuel for a shortage of fuel
that is a difference between the amount of fuel injec-
tion from the air intake passage fuel injection device
and the necessary amount of fuel injection set on
the basis of at least a load of the engine.

5. The fuel-injection controller for an engine accord-
ing to any one of Claims 2 to 4, wherein the control
device sets the amount of fuel injection from the air
intake passage fuel injection device at more than the
amount of fuel injection from the inside cylinder fuel
injection device during the middle load driving.

6. The fuel-injection controller for an engine accord-
ing to any one of Claims 2 to 5, wherein the control
device sets the amount of fuel injection from the in-
side cylinder fuel injection device at more than the
amount of fuel injection from the air intake passage
fuel injection device during the high load driving.

7. The fuel-injection controller for an engine accord-
ing to any one of Claims 1 to 6, wherein the control
device further controls valve closing timing of the spill
valve in a variable manner on the basis of a driving
state of the engine at the time of fuel injection by the
inside cylinder fuel injection device.

Statement under Art. 19.1 PCT

The amendment of Claim 1 of the present application
is defined on the basis of the description of paragraphs
[0023], [0032], and the like of the specification to clarify
the difference between the invention according to Claim

1 of the present application and the invention disclosed
in Document 1 (JP2007-9815A).

According to the amendment, Claim 1 of the present
application defines that the spill valve is allowed to reduce
an operation frequency thereof by reducing the number
of drives of the spill valve as compared with the number
of drives of the plunger per one rotation of the drive shaft,
as a load of the engine decreases, at the time of fuel
injection by the inside cylinder fuel injection device.

In accordance with Claim 1 of the present applica-
tion, it is possible not only to naturally reduce the oper-
ation frequency of the spill valve with decrease in a ro-
tation speed of the engine, but also to reduce the oper-
ation frequency to an operation frequency of the spill
valve that is arbitrarily set in accordance with a rotation
speed of the engine. As a result, it is possible to effectively
reduce an operation sound of the spill valve.
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