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(54) Title: FUEL, SUPPLY DEVICE FOR INTERNAL COMBUSTION ENGINE

FIG. 1

(57) Abstract: Provided is a fuel supply
device for an internal combustion engine.
When fuel pressure in a high-pressure fuel
pipe (20) changes as a result of the driving of
a high-pressure pump (32), the changing fuel

pressure propagates as pulsation into a low-

pressure fuel pipe (19). A degree of influence
of propagation of pulsation decreases as fuel
pressure in the low-pressure fuel pipe (19) in-
creases. When the high-pressure pump (32) is
in an operating state where the degree of in-
fluence of the pulsation of the fuel pressure
propagating from the high-pressure fuel pipe
(20) on the fuel pressure in the low-pressure

fuel pipe (19) is high, boost control for driv-
ing a feed pump (18) to raise the fuel pressure
in the low-pressure fuel pipe (19) is executed.
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FUEL SUPPLY DEVICE FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001)] The invention relates to a fuel supply device for an internal combustion

engine.

2. Description of Related Art

[0002] Japanese Patent Application Publication No. 2012-237274 (JP
2012-237274 A) discloses a fuel supply device for an internal combustion engine in which
a low-pressure fuel pipe that receives fuel supply from a feed pump is connected to a first
fuel injection valve and a high-pressure fuel pipe that branches from the low-pressure fuel
pipe is connected to a second fuel injection valve. In addition, a high-pressure pump that
boosts the fuel in the high-pressure fuel pipe and supplies the fuel to the second fuel
injection valve is disposed in the device.

[0003] In the fuel supply device described above, the low-pressure fuel pipe is
connected to the high-pressure pump via the high-pressure fuel pipe. Accordingly, when
the fuel pressure in the high-pressure fuel pipe changes as a result of the driving of the
high-pressure pump, the changing fuel pressure propagates as pulsation to the fuel in the
low-pressure fuel pipe. This causes the pulsation of the fuel pressure in the low-pressure
fuel pipe to increase.

[0004) An error from a proper value occurs in the fuel injection amount of the
first fuel injection valve when the pulsation of the fuel pressure in the low-pressure fuel
pipe increases. This is because the fuel injection amount of the first fuel injection valve is
determined by the valve opening time of the fuel injection valve and the pressure of the
fuel supplied to the fuel injection valve (fuel pressure in the low-pressure fuel pipe). The
error of the fuel injection amount of the first fuel injection valve described above may

affect the operation of the internal combustion engine.
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SUMMARY OF THE INVENTION

(0005] In view of this, the invention provides a fuel supply device for an internal
combustion engine that is capable of suppressing an increase in the pulsation of the
pressure of fuel in a low-pressure fuel pipe which is attributable to the driving of a
high-pressure pump.

10006] According to an aspect of the invention, there is provided a fuel supply
device for an internal combustion engine. The fuel supply device for an internal
combustion engine includes a low-pressure fuel pipe, a high-pressure fuel pipe, a
high-pressure pump, and an electronic control unit. The low-pressure fuel pipe is
connected to a first fuel injection valve of an internal combustion engine. The
low-pressure fuel pipe is configured to receive fuel supplied from a feed pump. The
high-pressure fuel pipe branches from the low-pressure fuel pipe. The high-pressure fuel
pipe is connected to a second fuel injection valve of the internal combustion engine. The
high-pressure pump is configured to boost the fuel in the high-pressure fuel pipe. The
high-pressure pump is configured to supply the fuel to the second fuel injection valve.
The electronic control unit is configured to execute boost control in an operating state of
the high-pressure pump where a degree of influence of pulsation of fuel pressure
propagating from the high-pressure fuel pipe on fuel pressure in the low-pressure fuel pipe
is high. The boost control is for driving the feed pump and raising the fuel pressure in the
low-pressure fuel pipe.

[0007] In the fuel supply device, the electronic control unit may be configured to
determine that the high-pressure pump is in the operating state when the degree of
influence of the pulsation of the fuel pressure is greater than a predetermined value. In
addition, in the fuel supply device, the electronic control unit may be configured to
increase the fuel pressure in the low-pressure fuel pipe as the degree of influence of the
pulsation of the fuel pressure propagating from the high-pressure fuel pipe increases when
the high-pressure pump is in the operating state.

{0008] When the fuel pressure in the high-pressure fuel pipe changes as a result
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of the driving of the high-pressure pump, the changing fuel pressure propagates as the
pulsation to the fuel in the low-pressure fuel pipe. When the pulsation of the fuel
pressure propagates from the high-pressure fuel pipe to the fuel in the low-pressure fuel
pipe as described above, the degree of the influence decreases as the fuel pressure in the
low-pressure fuel pipe increases. In view of this, the fuel pressure in the low-pressure
fuel pipe is raised, through the execution of the boost control by the electronic control unit,
when the high-pressure pump is in an operating state where the degree of influence of the
pulsation of the fuel pressure propagating from the high-pressure fuel pipe on the fuel
pressure in the low-pressure fuel pipe is high according to the fuel supply device for an
internal combustion engine described above. When the fuel pressure in the low-pressure
fuel pipe is raised, the driving of the high-pressure pump causes the fuel pressure in the
high-pressure fuel pipe to change. As a result, the degree of the influence is restricted
when the pulsation of the fuel pressure propagates from the high-pressure fuel pipe to the
fuel in the low-pressure fuel pipe. Accordingly, even if the driving of the high-pressure
pump causes the change in the fuel pressure in the high-pressure fuel pipe to propagate as
the pulsation to the fuel in the low-pressure fuel pipe, the influence is restricted and an
increase in the pulsation of the fuel pressure in the low-pressure fuel pipe is suppressed.

[0009] In the fuel supply device described above, the high-pressure pump may be
configured to be driven by the internal combustion engine. In this case, the high-pressure
pump may be in the operating state where the degree of influence of the pulsation of the
fuel pressure propagating from the high-pressure fuel pipe on the fuel pressure in the
low-pressure fuel pipe is high on condition that a rotation speed of the internal combustion
engine is less than a predetermined determination value. The electronic control unit may
be configured to execute the boost control when the rotation speed of the internal
combustion engine is less than the predetermined determination value.

(0010} In the fuel supply device described above, the pulsation of the fuel
pressure in the low-pressure fuel pipe is affected by the rotation speed of the internal
combustion engine that drives the high-pressure pump. In other words, the period of the

pulsation of the fuel pressure in the high-pressure fuel pipe is changed in accordance with
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the rotation speed of the internal combustion engine due to a periodic operation of the
high-pressure pump based on the rotation of the internal combustion engine. When the
pulsation of the fuel pressure in the high-pressure fuel pipe propagates with respect to the
fuel in the low-pressure fuel pipe and the period of the pulsation becomes closer to the
period of resonance with the fuel in the low-pressure fuel pipe, a resonance phenomenon
causes the magnitude of the pulsation of the fuel pressure in the low-pressure fuel pipe to
be maximized. In the fuel supply device, the rotation speed of the internal combustion
engine at a time when the magnitude of the pulsation of the fuel pressure in the
low-pressure fuel pipe has the maximum value as described above is, in general, designed
to be present in the region of a rotation speed lower than an idle rotation speed.
Accordingly, the pulsation of the fuel pressure in the low-pressure fuel pipe tends to
increase as the rotation speed of the internal combustion engine decreases. Accordingly,
according to the fuel supply device described above, an increase in the pulsation of the fuel
pressure in the low-pressure fuel pipe can be suppressed, by executing the boost control for
driving the feed pump to raise the fuel pressure in the low-pressure fuel pipe, when the
rotation speed of the internal combustion engine has a low value that is less than the
predetermined determination value.

[0011] In the fuel supply device described above, the electronic control unit may
be configured to drive the feed pump and raise the fuel pressure in the low-pressure fuel
pipe to a higher value, as the boost control, as the rotation speed of the internal combustion
engine becomes lower than the predetermined determination value.

[0012] According to the design relationship of the fuel supply device described
above, the pulsation of the fuel pressure in the low-pressure fuel pipe tends to increase, due
to the propagation of the pulsation of the fuel pressure from the high-pressure fuel pipe to
the fuel in the low-pressure fuel pipe, as the rotation speed of the internal combustion
engine decreases. When the pulsation of the fuel pressure propagates from the
high-pressure fuel pipe to the fuel in the low-pressure fuel pipe, the degree of the influence
decreases as the fuel pressure in the low-pressure fuel pipe increases. Accordingly,

according to the fuel supply device described above, an increase in the pulsation of the fuel
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pressure in the low-pressure fuel pipe can be effectively suppressed since the fuel pressure
in the low-pressure fuel pipe is raised to a higher value as the rotation speed of the internal
combustion engine becomes lower than the predetermined determination value.

[0013] In the fuel supply device described above, the electronic control unit may
be configured to stop the boost control when fuel injection from the first fuel injection
valve is not executed. When the fuel injection from the first fuel injection valve is not
executed, the pulsation of the fuel pressure in the low-pressure fuel pipe does not affect the
fuel injection amount of the first fuel injection valve. Accordingly, according to the fuel
supply device described above, the energy that is consumed by the feed pump during the
execution of the boost control can be saved by stopping the boost control.

[0014] In the fuel supply device described above, when the fuel injection from the
first fuel injection valve is not executed the electronic control unit may be configured to (i)
stop the boost control, and (i1) adjust the fuel pressure in the low-pressure fuel pipe to a
minimum value at which vapor generation in the low-pressure fuel pipe can be suppressed.
According to the fuel supply device described above, the fuel pressure in the low-pressure
fuel pipe at a time when the fuel injection from the first fuel injection valve is not executed
can be lowered to a minimum, and thus the amount of the energy that is consumed to
ensure the fuel pressure can be lowered.

[0015] The fuel supply device may include a temperature sensor configured to
detect the temperature of the fuel in the low-pressure fuel pipe. The electronic control
unit may be configured to set the minimum value to a higher value as the temperature of
the fuel detected by the temperature sensor increases. The fuel supply device may
include a pressure sensor configured to detect the fuel pressure in the low-pressure fuel
pipe.. The electronic control unit may be configured to determine that the high-pressure
pump is in the operating state when magnitude of the pulsation of the fuel pressure in the
low-pressure fuel pipe detected by the pressure sensor is equal to or greater than a
predetermined value. In the fuel supply device described above, the electronic control
unit may be configured to increase the fuel pressure in the low-pressure fuel pipe as the

magnitude of the pulsation of the fuel pressure propagating from the high-pressure fuel
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pipe increases when the high-pressure pump is in the operating state.

[0016] According to the fuel supply device described above, an increase in the
pulsation of the fuel pressure in the low-pressure fuel pipe can be effectively suppressed
based on the temperature of the fuel or/and the fuel pressure detected by the temperature
sensor or/and the pressure sensor, and the amount of the energy that is consumed to ensure

the fuel pressure can be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG 1 is a schematic diagram illustrating an overall configuration of an internal
combustion engine and a fuel supply device for the internal combustion engine according
to embodiments of the invention,;

FIG. 2 is a flowchart illustrating a procedure for controlling the fuel pressure in a
low-pressure fuel pipe according to a first embodiment of the invention;

FIG 3 is a graph illustrating how a target fuel pressure rises with respect to a decrease
in the rotation speed of the internal combustion engine according to the first embodiment;

FIG. 4 is a flowchart illustrating a procedure for controlling the fuel pressure in a
low-pressure fuel pipe according to a second embodiment of the invention;

FIG. 5 is a graph illustrating a change in the minimum value of the fuel pressure at
which no vapor is generated with respect to a change in the temperature of the fuel in the
low-pressure fuel pipe according to the second embodiment; and

FIG. 6 is a graph illustrating a change in a target fuel pressure with respect to the
magnitude of the pulsation of the fuel pressure in a low-pressure fuel pipe according to an

example of another embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018]) Hereinafter, a fuel supply device for an internal combustion engine
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according to a first embodiment of the invention will be described with reference to FIGS.
1 to 3.

[0019] An internal combustion engine 1 illustrated in FIG. 1 is mounted on a
vehicle such as a car. A throttle valve 4, which is operated to be opened and closed so as
to adjust the amount of air suctioned into a combustion chamber 3 (intake air amount), is
disposed in an intake passage 2 of the internal combustion engine 1. The opening of the
throttle valve 4 (throttle opening) is regulated in accordance with the amount of an
operation on an accelerator pedal 5 (accelerator operation amount) that is subjected to a
depressing operation by a driver of the vehicle.

(0020} In addition, the internal combustion engine 1 is provided with a port
injection injector 6 for fuel injection toward an intake port 2a and a direct injection injector
7 for fuel injection into the combustion chamber 3 (into a cylinder). The fuel is supplied
to the port injection injector 6 and the direct injection injector 7 by the fuel supply device
that is disposed in the internal combustion engine 1.

[0021] The fuel supply device for the internal combustion engine 1 is provided
with a feed pump 18 that pumps up the fuel stored in a fuel tank 17 and discharges the fuel
to a low-pressure fuel pipe 19. The low-pressure fuel pipe 19 is connected to the port
injection tnjector 6. The port injection injector 6 functions as a first fuel injection valve
that is connected to the low-pressure fuel pipe 19 which receives the supply of the fuel
from the feed pump 18.

[0022]) A high-pressure fuel pipe 20 is connected to the low-pressure fuel pipe 19.
The high-pressure fuel pipe 20 is connected to the direct injection injector 7. The direct
injection injector 7 functions as a second fuel injection valve that is connected to the
high-pressure fuel pipe 20 which branches from the low-pressure fuel pipe 19. A
high-pressure pump 32, which boosts the fuel in the pipe 20 and supplies the fuel to the
direct injection injector 7, is disposed in the middle of the high-pressure fuel pipe 20. The
high-pressure pump 32 is driven by a cam that rotates in response to the transmission of
rotation from the internal combustion engine 1.

[0023] In the internal combustion engine 1, the combustion chamber 3 is filled
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with an air-fuel mixture of the fuel that is injected from at least one of the port injection
injector 6 and the direct injection injector 7 and air that flows through the intake passage 2,
and ignition by a spark plug 12 is executed with respect to the air-fuel mixture. The
combustion energy that results from the combustion of the air-fuel mixture after the
ignition allows a piston 13 to reciprocate. As a result, a crankshaft 14 rotates. After the
combustion, the air-fuel mixture is sent to an exhaust passage 15 as exhaust gas.

[0024) The fuel supply device for the internal combustion engine 1 is provided
with an electronic control unit 21 that executes various types of operation control for the
internal combustion engine 1. The electronic control unit 21 is provided with, for
example, a CPU that executes various types of computation processing relating to the
various types of operation control, a ROM in which a program and data required for the
control are stored, a RAM in which the result of the computation by the CPU and the like
are temporarily stored, and an I/O port for signal input and output from and to the outside.

[0025] The following various sensors and the like are connected to the input port
of the electronic control unit 21: accelerator position sensor 22 that detects the accelerator
operation amount; throttle position sensor 23 that detects the throttle opening;

[0026] air flow meter 24 that detects the amount of the air which passes through
the intake passage 2 (intake air amount in the internal combustion engine 1); and crank
position sensor 25 that outputs a signal corresponding to the rotation of the crankshaft 14.

[0027] In addition, drive circuits for various instruments, such as the throttle
valve 4, the port injection injector 6, the direct injection injector 7, the spark plug 12, the
feed pump 18, and the high-pressure pump 32, and the like are connected to the output port
of the electronic control unit 21.

[0028] The electronic control unit 21 discerns an operation state that is required
for the internal combustion engine 1 and an actual operation state of the internal
combustion engine 1 based on the signals input from the various sensors described above
and the like, and outputs a command signal based thereon to the various drive circuits
connected to the output port. In this manner, the various types of operation control for the

internal combustion engine 1, such as throttle opening control, fuel injection amount
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control, ignition timing control, and fuel pressure control for the internal combustion
engine 1, are carried out by the electronic control unit 21.

[0029] The electronic control unit 21 controls the fuel pressure in the
low-pressure fuel pipe 19 and controls the fuel pressure in the high-pressure fuel pipe 20
based on the operation state that is required for the internal combustion engine 1 and the
actual operation state of the internal combustion engine 1. The control of the fuel
pressure in the low-pressure fuel pipe 19 is realized by determining a target fuel pressure
Pt based on the operation state that is required for the internal combustion engine 1 and the
actual operation state of the internal combustion engine 1 and driving the feed pump 18
based on the target fuel pressure Pt.

(0030] In the fuel supply device, the low-pressure fuel pipe 19 is connected to the
high-pressure pump 32 via the high-pressure fuel pipe 20. Accordingly, when the fuel
pressure in the high-pressure fuel pipe 20 changes as a result of the driving of the
high-pressure pump 32, the changing fuel pressure propagates as pulsation to the fuel in
the low-pressure fuel pipe 19. This causes the pulsation of the fuel pressure in the
low-pressure fuel pipe 19 to increase.

{0031] An error from a proper value occurs in the fuel injection amount of the
port injection injector 6 when the pulsation of the fuel pressure in the low-pressure fuel
pipe 19 increases. This is because the fuel injection amount of the port injection injector
6 is determined by the valve opening time of the injector 6 and the fuel pressure supplied
to the injector 6 (fuel pressure in the low-pressure fuel pipe 19). The error of the fuel
injection amount of the port injection injector 6 described above may affect the operation
of the internal combustion engine 1.

[0032] As a countermeasure, the electronic control unit 21 executes boost control
for driving the feed pump 18 to raise the fuel pressure in the low-pressure fuel pipe 19 in
an operating state of the high-pressure pump 32 where the degree of influence of the
pulsation of the fuel pressure propagating from the high-pressure fuel pipe 20 on the fuel
pressure in the low-pressure fuel pipe 19 is high. In this case, the electronic control unit

21 functions as a control unit for executing the boost control.
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[0033] FIG 2 is a flowchart illustrating a fuel pressure control routine for
executing the boost control. The fuel pressure control routine is, for example,
periodically executed with the time interruption at each predetermined time by the
electronic control unit 21,

[0034] The electronic control unit 21 obtains the target fuel pressure Pt, based on
the operation state that is required for the internal combustion engine 1 and the actual
operation state of the internal combustion engine 1, as the processing of Step 101 (S101) of
this routine. The electronic control unit 21 determines, as the processing of Step S102,
whether or not the rotation speed of the internal combustion engine that is obtained based
on the detection signal from the crank position sensor 25 is less than a predetermined
determination value. In the case of a negative determination herein, the processing
proceeds to S103 and then to S104 (processing of S103 will be described later). As the
processing of S104, the electronic control unit 21 adjusts the fuel pressure in the
low-pressure fuel pipe 19 to the target fuel pressure Pt by driving the feed pump 18 based
on the target fuel pressure Pt. After the execution of the processing of S104, the
electronic control unit 21 temporarily terminates the fuel pressure control routine.

[0035]  The processing of S102 is to determine whether or not the high-pressure
pump 32 is in an operating state where the degree of influence of the pulsation of the fuel
pressure propagating from the high-pressure fuel pipe 20 on the fuel pressure in the
low-pressure fuel pipe 19 is high. It is for the following reason that it can be determined,
based on the determination in S102 of whether or not the rotation speed of the internal
combustion engine is less than the predetermined determination value, whether or not the
high-pressure pump 32 is in the operating state where the degree of influence of the
pulsation of the fuel pressure propagating from the high-pressure fuel pipe 20 on the fuel
pressure in the low-pressure fuel pipe 19 is high.

[0036] The magnitude of the pulsation of the fuel pressure in the low-pressure
fuel pipe 19 is affected by the rotation speed of the internal combustion engine 1 that
drives the high-pressure pump 32. In other words, the period of the pulsation of the fuel

pressure in the high-pressure fuel pipe 20 is changed in accordance with the rotation speed
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of the internal combustion engine due to a periodic operation of the high-pressure pump 32
based on the rotation of the internal combustion engine. When the pulsation of the fuel
pressure in the high-pressure fuel pipe 20 propagates with respect to the fuel in the
low-pressure fuel pipe 19 and the period of the pulsation becomes closer to the period of
resonance with the fuel in the low-pressure fuel pipe 19, a resonance phenomenon causes
the magnitude of the pulsation of the fuel pressure in the low-pressure fuel pipe 19 to be
maximized. In the fuel supply device, the rotation speed of the internal combustion
engine at a time when the magnitude of the pulsation of the fuel pressure in the
low-pressure fuel pipe 19 has the maximum value as described above is designed to be
present in the region of a rotation speed lower than an idle rotation speed. Accordingly,
the pulsation of the fuel pressure in the low-pressure fuel pipe 19 tends to increase as the
rotation speed of the internal combustion engine decreases.

[0037] Accordingly, when it is determined in S102 that the rotation speed of the
internal combustion engine is less than a predetermined determination value, it can be
determined that the high-pressure pump 32 is in an operating state where the degree of
influence of the pulsation of the fuel pressure propagating from the high-pressure fuel pipe
20 on the fuel pressure in the low-pressure fuel pipe 19 is high. In other words, the
predetermined determination value is set in advance, based on an experiment or the like, so
that the determination can be executed by using the value.

[0038] When it is determined in S102 that the rotation speed of the internal
combustion engine is less than a predetermined determination value, that is, when it is
determined that the high-pressure pump 32 is in an operating state where the degree of
influence of the pulsation of the fuel pressure propagating from the high-pressure fuel pipe
20 on the fuel pressure in the low-pressure fuel pipe 19 is high, the processing proceeds to
S103. The processing of S103 is to execute the boost control described above. The
electronic control unit 21 raises the target fuel pressure Pt, as the processing of S103, so
that the target fuel pressure Pt has a value higher than the value obtained in S101.

[0039] As illustrated 1in FIG. 3, the target fuel pressure Pt that is raised in S103

can be considered to be variably set so that the target fuel pressure Pt has a higher value as
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the rotation speed of the internal combustion engine decreases (more accurately, as the
rotation speed of the internal combustion engine becomes less than the predetermined
determination value). When the target fuel pressure Pt is raised to have a high value as
described above, the feed pump 18 is driven based on the target fuel pressure Pt in the
processing of S104, and thus the fuel pressure in the low-pressure fuel pipe 19 is adjusted
to the target fuel pressure Pt. Accordingly, when the rotation speed of the internal
combustion engine is less than the predetermined determination value, the fuel pressure in
the low-pressure fuel pipe 19 is raised compared to when the rotation speed of the internal
combustion engine is equal to or greater than the predetermined determination value.
[0040] Hereinafter, effects of the fuel supply device for the internal combustion
engine 1 will be described. When the fuel pressure in the high-pressure fuel pipe 20
changes as a result of the driving of the high-pressure pump 32, the changing fuel pressure
propagates as the pulsation to the fuel in the low-pressure fuel pipe 19. When the
pulsation of the fuel pressure propagates from the high-pressure fuel pipe 20 to the fuel in
the low-pressure fuel pipe 19 as described above, the degree of the influence decreases as
the fuel pressure in the low-pressure fuel pipe 19 increases. In view of this, the fuel
pressure in the low-pressure fuel pipe 19 is raised, through the execution of the boost
control by the electronic control unit 21 (more specifically, rise of the target fuel pressure
Pt to a higher value), when the high-pressure pump 32 is in an operating state where the
degree of influence of the pulsation of the fuel pressure propagating from the high-pressure
fuel pipe 20 on the fuel pressure in the low-pressure fuel pipe 19 is high. When the fuel
pressure in the low-pressure fuel pipe 19 is raised in this manner, the driving of the
high-pressure pump 32 causes the fuel pressure in the high-pressure fuel pipe 20 to change.
As a result, the degree of the influence is restricted when the pulsation of the fuel pressure
propagates from the high-pressure fuel pipe 20 to the fuel in the low-pressure fuel pipe 19.
Accordingly, even if the driving of the high-pressure pump 32 causes the change in the fuel
pressure in the high-pressure fuel pipe 20 to propagate as the pulsation to the fuel in the
low-pressure fuel pipe 19, the influence is restricted and an increase in the pulsation of the

fuel pressure in the low-pressure fuel pipe 19 is suppressed.
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[0041] The following effects can be achieved by this embodiment described
above.

(1) An increase in the pulsation of the fuel pressure in the low-pressure fuel pipe 19
that is attributable to the driving of the high-pressure pump 32 can be suppressed. In
addition, the occurrence of an error from a proper value in the fuel injection amount of the
port injection injector 6 that is attributable to an increase in the pulsation, which causes the
air-fuel ratio of the internal combustion engine 1 to deviate from a proper ratio to affect
exhaust emission, can be suppressed. In addition, the influence on the exhaust emission
that 1s attributable to the deviation of the air-fuel ratio of the internal combustion engine 1|
from a proper ratio can be minimized, and thus the amount of the catalyst precious metal
for exhaust gas control that is disposed in an exhaust system of the engine 1 for exhaust
emission improvement can be reduced.

[0042] (2) When the fuel pressure in the low-pressure fuel pipe 19 is raised by
executing the boost control based on the determination that the rotation speed of the
internal combustion engine is less than a predetermined determination value, the target fuel
pressure Pt is raised so as to realize the rise in the fuel pressure. The target fuel pressure
Pt that is raised in this manner is variably set to have a higher value as the rotation speed of
the internal combustion engine becomes lower than the predetermined determination value.
In this manner, the fuel pressure in the low-pressure fuel pipe 19 is adjusted to be raised to
a higher value as the rotation speed of the internal combustion engine becomes lower than
the predetermined determination value. When the pulsation of the fuel pressure from the
high-pressure fuel pipe 20 based on a periodic operation of the high-pressure pump 32
propagates to the fuel in the low-pressure fuel pipe 19, the degree of the influence
decreases as the fuel pressure in the low-pressure fuel pipe 19 increases. Accordingly, an
increase in the pulsation of the fuel pressure in the low-pressure fuel pipe 19 can be
effectively suppressed, by increasing the fuel pressure in the low-pressure fuel pipe 19, as
the rotation speed of the internal combustion engine becomes lower than the predetermined
determination value as described above.

[0043] (3) The boost control is not executed when the rotation speed of the
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internal combustion engine is equal to or greater than a predetermined determination value.
The boost control is executed when necessary, for example, when the rotation speed of the
internal combustion engine is less than the predetermined determination value.
Accordingly, the driving of the feed pump 18 for raising the fuel pressure in the
low-pressure fuel pipe 19 during the boost control is not executed in vain. Accordingly,
wasteful energy consumption can be suppressed in the feed pump 18, and fuel economy
deterioration can be suppressed in the internal combustion engine 1 by the same amount.

[0044]) Hereinafter, a fuel supply device for an internal combustion engine
according to a second embodiment of the invention will be described with reference to
FIGS. 4 and 5.

[0045] FIG. 4 is a flowchart illustrating a fuel pressure control routine according
to the second embodiment. In this fuel pressure control routine, the processing of S203
and S205 are added to the processing (S201, S202, S204, and S206) corresponding to S101
to S104 of the fuel pressure control routine according to the first embodiment that is
illustrated in FIG. 2. The processing of S203 and S205 are to stop the boost control in a
case where the fuel injection from the port injection injector 6 is not executed with the
rotation speed of the internal combustion engine being less than a predetermined
determination value.

[0046] The fuel pressure control routine in FIG. 4 is also periodically executed
with the time interruption at each predetermined time by the electronic control unit 21.
The electronic control unit 21 obtains the target fuel pressure Pt as the processing ot S201
and determines, as the processing of S202, whether or not the rotation speed of the internal
combustion engine is less than a predetermined determination value. The processing
proceeds to S206 in the case of a negative determination herein. The electronic control
unit 21 drives the feed pump 18 based on the target fuel pressure Pt as the processing of
S206, and then temporarily terminates this fuel pressure control routine.

[0047] The processing proceeds to S203 in a case where it is determined in S202
that the rotation speed of the internal combustion engine is less than a predetermined

determination value. As the processing of S203, the electronic control unit 21 determines
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whether or not the fuel injection from the port injection injector 6 is executed. The
processing proceeds to S204 in the case of a positive determination herein. As the
processing of S205, the electronic control unit 21 raises the target fuel pressure Pt to have a
value higher than the value obtained in S201, and drives the feed pump 18 based on the
raised target fuel pressure Pt as the processing of S206. Then, the boost control is
executed.

[0048]  The processing proceeds to S205 in a case where it is determined in S203
that the fuel injection from the port injection injector 6 is not executed. As the processing
of S205, the electronic control unit 21 sets the target fuel pressure Pt to the minimum value
of the fuel pressure at which vapor generation in the low-pressure fuel pipe 19 can be
suppressed. A fixed value that is determined in advance in an experiment or the like can
be adopted as the minimum value. Also, a variable value based on the temperature of the
fuel in the low-pressure fuel pipe 19 can be adopted as the minimum value.

[0049] FIG. 5 illustrates an example of how the minimum value rises with respect
to a rise in the temperature of the fuel in a case where the minimum value is allowed to be
variable based on the temperature of the fuel in the low-pressure fuel pipe 19. It is
considered that a value that is actually measured by a temperature sensor which detects the
temperature of the fuel or a value that is estimated based on a parameter relating to the
temperature of the fuel can be used regarding the temperature of the fuel used herein.

[0050] After the target fuel pressure Pt is set to the minimum value in S203, the
feed pump 18 is driven based on the target fuel pressure Pt (minimum value) through the
processing of S206. Accordingly, in a case where the fuel injection from the port
injection injector 6 is not executed, the execution of the boost control is stopped, based on
the fact that the fuel injection from the port injection injector 6 is not executed, even if the
rotation speed of the internal combustion engine is less than a predetermined determination
value. In addition, when the boost control is stopped as described above, the fuel pressure
in the low-pressure fuel pipe 19 is adjusted to the minimum value of the fuel pressure at
which the vapor generation in the pipe 19 can be suppressed.

[0051] Accordingly, the following effects can be achieved, in addition to the
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effects (1) to (3) of the first embodiment, according to this embodiment.

(4) When the fuel injection from the port injection injector 6 is not executed, the
pulsation of the fuel pressure in the low-pressure fuel pipe 19 does not affect the fuel
injection amount of the port injection injector 6. In this situation, the execution of the
boost control is stopped, based on the situation, even if the rotation speed of the internal
combustion engine is less than a predetermined determination value. Accordingly, the
energy that is consumed when the feed pump 18 is driven during the execution of the boost
control can be saved.

{0052] (5) When the fuel injection from the port injection injector 6 is not
executed, the boost control is stopped and the fuel pressure in the low-pressure fuel pipe 19
is adjusted to the minimum value at which the vapor generation in the pipe 19 can be
suppressed. Then, the fuel pressure in the low-pressure fuel pipe 19 at a time when the
fuel injection from the port injection injector 6 is not executed can be lowered to a
minimum, and thus the amount of the energy that is consumed when the feed pump 18 is
driven to ensure the fuel pressure can be lowered.

[0053] Each of the embodiments described above can be modified as follows as,
for example, another embodiment.

[n the second embodiment, the target fuel pressure Pt does not necessarily have to be
set to the minimum value when the boost control is stopped based on the fact that the fuel
injection from the port injection injector 6 is not executed. In this case, for example, the
target fuel pressure Pt may be set to the value that is obtained in S201 of the fuel pressure
control routine in FIG. 4.

[0054] In the first and second embodiments, the pressure sensor that detects the
fuel pressure in the low-pressure fuel pipe 19 is disposed and the magnitude (amplitude) of
the pulsation of the fuel pressure is obtained based on the detection signal from the
pressure sensor. It may be determined that the high-pressure pump 32 is in an operating
state where the degree of influence of the pulsation of the fuel pressure propagating from
the high-pressure fuel pipe 20 on the fuel pressure in the low-pressure fuel pipe 19 is high

when the magnitude of the pulsation of the fuel pressure in the low-pressure fuel pipe 19 is
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equal to or greater than a predetermined value.

[0055] In a case where the magnitude of the pulsation of the fuel pressure in the
low-pressure fuel pipe 19 is detected by using the pressure sensor, it is preferable that the
target fuel pressure Pt is raised based on the magnitude of the detected pulsation in the
processing of S103 of the fuel pressure control routine in FIG. 2 and the processing of
S204 of the fuel pressure control routine in FIG. 4.

[0056] FIG. 6 is a graph illustrating a relationship between the magnitude of the
pulsation of this case and the target fuel pressure Pt. As is apparent from the drawing, the
target fuel pressure Pt that is raised in the processing of S103 and S204 is raised to have a
higher value as the magnitude of the pulsation increases.

[0057] If it is determined whether or not the high-pressure pump 32 is in an
operating state where the degree of influence of the pulsation of the fuel pressure
propagating from the high-pressure fuel pipe 20 on the fuel pressure in the low-pressure
fuel pipe 19 is high based on whether or not the rotation speed of the internal combustion
engine is less than a low rotation determination value as in the first embodiment and the
second embodiment, the pressure sensor can be omitted and the fuel supply device can be
simplified.

[0058] When the target fuel pressure Pt is raised in the processing of S103 of the
fuel pressure control routine in FIG. 2 and the processing of S204 of the fuel pressure
control routine in FIG. 4, the rise in the target fuel pressure Pt may be realized by using a

rise by a predetermined fixed value.
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CLAIMS:

1. A fuel supply device for an internal combustion engine, the fuel supply device
comprising:

a low-pressure fuel pipe connected to a first fuel injection valve of an internal
combustion engine, the low-pressure fuel pipe being configured to receive fuel supplied
from a feed pump;

a high-pressure fuel pipe branching from the low-pressure fuel pipe, the
high-pressure fuel pipe being connected to a second fuel injection valve of the internal
combustion engine;

a high-pressure pump configured to boost the fuel in the high-pressure fuel pipe, the
high-pressure pump being configured to supply the fuel to the second fuel injection valve;
and

an electronic control unit configured to execute boost control in an operating state of
the high-pressure pump where a degree of influence of pulsation of fuel pressure
propagating from the high-pressure fuel pipe on fuel pressure in the low-pressure fuel pipe
is high, the boost control being for driving the feed pump and raising the fuel pressure in

the low-pressure fuel pipe.

2. The fuel supply device according to claim 1,
wherein the electronic control unit is configured to determine that the high-pressure
pump is in the operating state when the degree of influence of the pulsation of the fuel

pressure is greater than a predetermined value.

3. The fuel supply device according to claim 1 or 2,

wherein the electronic control unit is configured to increase the fuel pressure in the
low-pressure fuel pipe as the degree of influence of the pulsation of the fuel pressure
propagating from the high-pressure fuel pipe increases when the high-pressure pump is in

the operating state.



WO 2015/193723 PCT/IB2015/000991
19

4. The fuel supply device according to any one of claims 1 through 3,

wherein the high-pressure pump is configured to be driven by the internal combustion
engine and the high-pressure pump is in the operating state where the degree of influence
of the pulsation of the fuel pressure propagating from the high-pressure fuel pipe on the
fuel pressure in the low-pressure fuel pipe is high on condition that a rotation speed of the
internal combustion engine is less than a predetermined determination value, and

wherein the electronic control unit is configured to execute the boost control when
the rotation speed of the internal combustion engine is less than the predetermined

determination value.

5. The fuel supply device according to claim 4,

wherein the electronic control unit is configured to drive the feed pump and raise the
fuel pressure in the low-pressure fuel pipe to a higher value, as the boost control, as the
rotation speed of the internal combustion engine becomes lower than the predetermined

determination value.

6. The fuel supply device according to any one of claims 1 through §,
wherein the electronic control unit is configured to stop the boost control when fuel

injection from the first fuel injection valve is not executed.

7. The fuel supply device according to claim 6,

wherein when the fuel injection from the first fuel injection valve is not executed, the
electronic control unit is configured to

(1) stop the boost control, and

(i1) adjust the fuel pressure in the low-pressure fuel pipe to a minimum value at which

vapor generation in the low-pressure fuel pipe can be suppressed.

8. The fuel supply device according to claim 7, further comprising:
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a temperature sensor configured to detect the temperature of the fuel in the
low-pressure fuel pipe,
wherein the electronic control unit is configured to set the minimum value to a higher

value as the temperature of the fuel detected by the temperature sensor increases.

9. The fuel supply device according to claim 1, further comprising:

a pressure sensor configured to detect the fuel pressure in the low-pressure fuel pipe,

wherein the electronic control unit is configured to determine that the high-pressure
pump is in the operating state when magnitude of the pulsation of the fuel pressure in the
low-pressure fuel pipe detected by the pressure sensor is equal to or greater than a

predetermined value.

10. The fuel supply device according to claim 9,

wherein the electronic control unit is configured to increase the fuel pressure in the
low-pressure fuel pipe as the magnitude of the pulsation of the fuel pressure propagating
from the high-pressure fuel pipe increases when the high-pressure pump is in the operating

state.
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