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(57) Abstract: A control device for an internal combustion engine including: a high-pressure pump pressurizing and discharging
fuel, from a fuel tank, by lifting a plunger with cam noses of a cam that rotates with rotation of an engine output shaft; and fuel injec-
tion valves provided for corresponding cylinders and injecting and supplying fuel, fed under pressure from the high-pressure pump
through a high-pressure passage, into the corresponding cylinders includes: a control unit controlling a fuel injection mode by each
fuel injection valve based on a fuel pressure in the high-pressure passage in a period immediately before fuel injection, wherein the
control unit executes pressure feed limiting control in which, when a lift duration of the plunger by any one of the cam noses over-
laps with an injection control duration in any one of the fuel injection valves, feeding fuel under pressure by the high-pressure pump
during the lift duration is limited.
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METHOD AND APPARATUS FOR CONTROLLING THE FUEL SUPPLY

OF AN INTERNAL COMBUSITON ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to an internal combustion engine that injects and
supplies fuel, fed under pressure through a high-pressure passage from a cam-driven
high-pressure pump, into a cylinder via a fﬁel injection valve, and a control device and
control method that control a mode in which fuel is injected by the fuel injection valve on

the basis of a fuel pressure in the high-pressure passage immediately before fuel

injection.

2. Description of Related Art

[0002] An internal combustion engine control device of this type is, for example,
a device described in Japanese Patent Application Publication No. 2009-215909 (JP
2009-215909 A). In the iﬁtemal combustion engine described in JP 2009-215909 A,
fuel stored in a fuel tank is drawn by a feed pump, and is supplied to a high-pressure
pump. The fuel supplied to the high-pressure pump is further pressurized by the
high-pressure pump, and is fed under pressure through a high-pressure passage to a fuel
injection valve provided for correspondirig cylinders. The fuel fed under pressure in this
way is injected and supplied from each fuel injectidn valve into a corresponding one of
the cylinders.

[0003] The high-pressure pump is a cam-driven pump. For example, a plunger

provided in a cylinder of the high-pressure pump is lifted by cam noses of a cam provided

CONFIRMATION COPY
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on an intake camshaft of the internal combustion engine. By so doing, the fuel supplied
from the fuel tank is pressurized.

[0004] In addition, at the time of fuel injection, a fuel injection mode, such as a
valve open duration of each fuel injection valve, is controlled on the basis of a fuel
pressure in the high-pressure passage immediately before fuel injection. Here, for
‘example, a cam having two cam noses is employed in the case of a four-cylinder internal
combustion engine, and a cam having three cam noses is employed in the case of a
six-cylinder internal combustion engine. Fluctuations in fuel pressure immediately
before fuel injection reduce by carrying out fuel injection between a duration during
| which one cam nose is lifted by the plungér (hereinafter, lift duration) and a subsequent
lift duration.

[0005] Incidentally, when a cam having three cam noses is also employed for,
for example, a four-cylinder internal combustion engine as a cam that drives the
high-pressure pump, it is possible to commonalize a cam between a four-cylinder internal
combustion engine and a six-cylinder internal combustion engine. In this case, in the
-four-cylinder internal combustion engine, there occurs a situation that the lift duration of
the plunger by any one of the cam noses overlaps with a period during which a fuel
pressure is detected for fuel injection or a valve open duration of each fuel injection valve.
That is, when an excessive amount of fuel is injected from that fuel injection valvé,
variations in fuel injection amount among the cylinders cannot be ignored. As a result,

engine torque fluctuations increase, and engine vibrations cannot be ignored.

SUMMARY OF THE INVENTION

| [0006] The invention provides an internal combustion engine control device, -

internal combustion engine control method and internal combustion engine that are able

to appropriately reduce variations in fuel injection amount among cylinders when a lift

duration of a plunger by any one of cam noses overlaps with an injection control period
in any one of fuel injection valves.

[0007] A first aspect of the invention provides an internal combustion engine
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control device for an intemal. combustion'engine that includes: a high-pressure pump that
pressurizes and discharges fuel, supplied from a fuel tank, by lifting a plunger with the
use of a plurality of cam noses of a cam that rotates with rotation of an engine output
shaft; and fuel injection valves that are provided for corresponding cylinders and that
inject and supply fuel, fed under pressure from the high-pressure pump through a
high-pressure passage, into the corresponding cylinders. The internal combustion
.engine control device includes: a control unit that controls a mode in which fuel is
injected by each of the fuel injection valves on the basis of a fuel pressure in the
high-pressure passage in a period immediately before fuel injection, wherein the control
unit executes pressure feed limiting control in which, when a lift duration of the plunger
by any one of the cam noses overlaps with an injection control duration in any one of the
fuel injection valves, féeding fuel under pressure by the high-pressure pump during the
lift duration is limited.

[0008]  With the above configuration, when a lift duration of the plunger by any
one of the cam noses overlaps with an injection control duration in any one of the fﬁel
injection valves, that is, the plunger is lifted in a period during which the fuel pressure is
detected for fuel injection or a valve open duration of the fuel injection valve and,
therefore, the fuel pressure does not change in a desired mode, feeding fuel under
pressure by the high-pressure pump during the lift duration is limited. Therefore, it is
possible to suppress an excessive amount of injected fuel when the injection control
duration overlaps with the lift duration. Thus, it is possible to appropriately reduce
variations in fuel injection amount among the cylinders when a lift duration of the
plunger by any one of the cam noses overlaps with an injection control period in any one
of the fuel injection valves.

[0009] In the above internal combustion engine control device, the control unit
may stop feeding fuel under pressure by the high-pressure pump in the pressure feed
limiting control.

[0010] With this configuration, it is possible to avoid an excessive amount of

injected fuel when an injection control duration overlaps with a lift duration of the
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plunger by any one of the cam noses.

[0011]  In the above internal combustion engine control device, the number of
cylinders of the internal combustion engine may be not a natural number multiple of the
cam noses. |

[0012]  With the above configuration, at least a lift duration of the plunger by
any one ofvthe cam noses overlaps with an injection control duration in any one of the
fuél injection valves. Specifically, for example, there are a four-cylinder internal -
cbmbustion engine that includes a cam having three cam noses and a six-cylinder internal
combustion engine that includes a cam having fo.u.r cam noses. For example when a
cam having three cam noses is employed for a four-cylinder internal combustion engine,
it is possible to appropr.iately‘ suppress variations in fuel injection amount among the.
cylinders by applying the invention. On the other hand, when the cam having three cam
noses is employed for a six-cylinder internal combustion engine, existing high-pressure .
pump control just needs to be applied. Therefore, the common cam is employed for
internal combustioﬁ engines having a different number of cylinders, while it is-possible to
appropriately suppress variations in fuel injection amount among the cylinders.

[0013] In the above internal combustion engine control device; the control unit
may feed fuel under pressure by the high-pressure pump only ’during one lift duration,
which does not overlap with any injection control d.urations in the fuel injection valves,
among lift durations of the plunger by the plurality of cam noses in the pressure feed
limiting control.

[0014]  With the above configuration, when a feed amount of fuel under pressure
in the one lift duration is increased as compéred with that of a control configuration that
feeds fuel under pressure during all the lift durations while the cam rotates one revolution,
it is possible to appropriately suppress shortage of fuel at the time of each fuel injection.

[0015]) In the above internal combustion engine control device, the control unit
may limit feeding fuel under pressure by the high-pressure pump only during a lift
duration, which overlaps with an injection control duration in any one of the fuel

injection valves, among lift durations of the plunger by the plurality of cam noses in the
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pressure feed limiting control.

[0016] In the above internal combustion engine control device, the control unit
may execute the pressure feed limiting control during low-load operation.

[0017]  When there are large variations in fuel injection amount among the
cylinders, engine torque fluctuations increase, so engine vibrations increase.
- Particularly, during low-load operation of the internal combustion engine in which the |

engine vibration level is low, such increasing of the engine Vibraltions cannot be ignored.
Thus, by applying the above-described aspect during low-load operation, it is possible to
appropriately suppress occurrence of such an inconvenience. |

[0018] ‘In addition, the amount of fuel injected by each fuel injection valve per
injectiop is small during low-load operation of the internal combustion engirle, so the
wiclth of decrease in fuel pressure per injection is small. Therefore, even when feeding

fuel under pressure is limited by applying the above aspect and, therefore, the fuel

pressure cannot be temporarily increased, it is possible to suppress .occurrence of an
inconvenience that injected fuel becomes insufficient by applying the above aspect as
much as possible.

[0019] In the above internal combustion engine control device, the control unit
may execute the pressul‘e- feed limiting control during idle operation. During idle
operation of the internal combustion engine, a driver tends to experience discomfort from,
particularly, engine vibrations. In this respect, with the above configuration, préssure
feed limiting control is executed during idle operation, so it is possible to appropriately
suppress occurrence of engine vibrations during idle operation.

[0020]  In the above internal combustion engine control device, the control unit
may execute the pressure feed limiting control when a fuel pressure in the high-pressure
passage is a target fuel pressure.

[0021]  In the above internal combustion engine control device, the control unit
may set one lift duration at the time when the pressure feed limiting control is executed
such that the one lift duration is longer than one lift duration at the time when the

pressure feed limiting control is not executed.
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[0022] A second aspect of the invenﬁon provides an internal combustion engine.
The internal combustion engine includes: a high-pressure pump that pressurizes and
discharges fuel, supplied from a fuel tank, by lifting a plunger with the use of a plurality
of cam noses of a cam that rotates with rotation of an engine output shaft; fuel injection
valves that ar.e prolvided for corresponding cylinders and that inject and supply fuel, fed
under pressure from the high-pressure pump through a high-pressure passage, into the
corresponding cylinders; the cam of which the number of the cam noses is not a natural
number multiple of the number of the cylinders of the internal combustion engine; and a
drain mechanism that, when a lift duration of the plunger by any one of the cam noses
overlaps with an injection control_duration in any one of the fuel injection valves, drains
fuel compressed by the plunger toward the fuel tank during the lift duration.

[0023]  With the above configuration, when a lift duration of the plunger by any
one of the cam noses overlaps with an injection control duration in any one of the fuel
injection valves, fuel compressed by the plunger is drained toward the fuel tank through
the drain mechanism. By so doing, feeding fuel under pressure by the high-pressure
pump during the lift duration is limited. Therefore, it is possible to suppress an
excessive amount of injected fuel when the injection control duration overlaps with the
lift duration. Thus, it is possible to appropriately reduce variations in fuel injection
amount among the cylinders when a lift durationvof‘ the plunger by any one of the cam
noses overlaps with an injection control period in any one of the fuel injection valves.

[0024] A third aspect of the invention provides an internal combustion engine
control method. " The internal combustion engine control method includesz causing a
high-pressure pump that pressurizes and discharges fuel, supplied from a fuel tank, to lift
a plunger with the use of a plurality of cam noses of a cam that rotates with rotation of an
engine oﬁtput shaft; injecting and supplying fuel, fed under pressure from the
high-pressure pump through a high-pressure passage, from fuel injection valves provided
for corresponding cylinders; controlling a mode, in which fuel is injected by the fuel
injection valves, on the basis of a fuel pressure in the high-pressure passage during a

period immediately before fuel injection; and, when a lift duration of the plunger by any



WO 2013/061123 PCT/IB2012/002003
7

one of the cam noses overlaps with an injection control duration in any one of the fuel
injection valves, limiting fuel pressure feed by the high-pressure pump during the lift
duration.

[0025]  The above internal combustion engine control method rhay further
include, when a lift duration of the plunger by any one of the cam noses overlaps with an
injection control duration in any one of the fuel injection valves, draining fuel

compressed by the plunger toward the fuel tank during the lift duration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]  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 view that éhow’s the schematic configuration of a fuel supply
system in an internél combustion engine and an internal combustion engine control
device according to an embodiment of the invention;

FIG. 2 is a flowchart that shows the procedure of drive control over a high-pressure
pump in the embodiment;

FIG. 3A is a timing chart that shows a change of an injectibn-state of each fuel
injection valve in the embodiment;

FIG. 3B is a timing chart that shows a change of a pressure feed state of the |
high-preésure pump during idle operation in the embodiment;

FIG. 3C is a timing chart that shows a change of a fuel pressure during idle .
operation in the embodiment;

FIG. 3D is a timing chart that shows a change of a pressure feed state of a
high-pressure pump in a comparative embodiment to the embodiment; and

FIG. 3E is a timing chart that shows a change of a fuel pressure in the comparative

embodiment to the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
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[0027]  Hereinafter, an embodiment in which the internal combustion engine and
the internal combustion engine control device according to the invention are respectively
applied to a direct-injection in-line four-cylinder internal combustion engine and a control
device therefor will be described with reference to FIG. 1 to FIG. 3E.

[0028]  FIG 1 shows the schematic éonﬁguration of a fuel supply system in an

‘internal combustion engine according to the present embodiment. As shown in ?IG. 1,
in the fuel supply system of the internal combustion engine 1, an electric feed pump 3 is
arranged in a fuel tank 2, and a low-pressure supply pipe 4 is connected to the feed pump
3. Fuel stored in the fuel tank 2 is drawn by the feed pump 3, pressurized up to a
predetermined feed pressuré (for example, several hundreds of kPa) and fed to the
low-pressure supply pipe 4 under pressure. The feed pump 3 is a pump that is able to
change its fuel discharge éapacity. A return pipe 5 is connected in the middle of the
loW-pressure supply pipe 4 so'as to form a branch path. A pressure regulating valve 6 is
provided in the middle of the return pipe 5. When a fuel pressure in the low-pressure
supply pipe 4 is higher than or equal to the feed pressure, the pressure regulating valve 6
opens. By so doing, part of fuel discharged from the feed pump 3 is returned to the fuel
tank 2 via the return pipe 35, émd the pressure of fuel in the low-pressure supply pipe 4 is
kept at the feed pressure.

[0029] A high-pressure pump 10 is connected to the downstream side of the
low-pressure supply pipe 4. An introducing passage 12, a cylinder 13 and a discharge
passage 14 are formed inside a pump housing 11 of the high-pressure pump 10. The
introducing passage 12 is connected to the downstream side of the low-pressure supply
pipe 4. The cylinder 13 of the high-pressure pump 10 is connected to the downstream
side of the introducing passage 12. Thé discharge passage 14 is connected to the
downstream side of the cylinder 13 of the high-pressure pump 10.

[0030]  An introducing port 21 is formed at an upstream-side end portion (upper
end portion in FIG. 1) of the cylinder 13. The introducing port 21 draws low-pressure
fuel from the feed pump 3. A discharge port 22 is formed at a side face (right side face

in FIG. 1) of the cylinder 13.  The discharge port 22 discharges fuel toward the discharge
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passage 14. A plunger 15 is provided in th;e cylinder 13 so as to be reciprocally movable.
A pressure chamber 16 is defined by the inner wall of the cylinder 13 and the top face of
the plunger 15. The discharge port 22 is in fluid communication with the pressure.
chamber 16.

[0031] A valve element 23 of a spill valve 20 is accommodated in the cylinder
13. The spill valve 20 opens or closes the introducing port 21. The valve element 23
is‘provided so as to be movable via a needle 23a along an axial direction of the needle
23a. The spill valve 20 is a so-called normally open valve, and the valve element 23 is
consfantly urged by the urging force of a spring 25 in a direction to open the introducing
port 21. The needle 23a is attracted by energizing a solenoid 24, and the spill valve 20
closes the introducing port 21. |

[0032]  The plunger 15 is driven by the rotation of a crankshaft (not shown) that
is an engine output shaft. Specifically, an intake camshaft 31 rotates with the rotation of
the crankshaft, and the plunger 15 reciprocates inside the cylinder 13 as the plunger 15 is
lifted by a cam 32 provided on the intake camshaft 31. The cam 32 has three cam noses
32a that radially protrude from a base circle 32b. These cam noses 32a have mutually
the same shape, and the cam noses 32a are provided at equal angular intervals in the
circumferential directjon. Alifter 17 is provided' below the plunger 15, and the lifter 17
is kept in a state where the lifter 17 is in contact with a cath face of the cam 32 by the
urging force of the spring 18. ‘

[0033] In the high-pressure pump 10, when supply of current to the solenoid 24
is stopped at the time when the plunger 15 moves downward and the volume of 'the
pressure chamber 16 increases, the introducing port 21 is opened and fuel is drawn from _
the introducing passage 12 into the pressure chamber 16.

[0034]  When current is supplied to the solenoid 24 at the time when the plunger
15 moves upward and the volume of the pressure chamber 16 redﬁces, the introducing
port 21 is closed, fuel in the pressure chamber 16 is pressurized and is discharged from
the discharge port 22 to the discharge passage 14.

[0035] By adjusting a duration during which current is supplied to the solenoid
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24, that is, a duration during which the introducing port 21 is closed, it is possible to
adjust the amount of fuel drawn into‘the pressﬁre chamber 16. A discharge valve 19 is
provided in the middle of the discharge passage 14. When the fuel pressure applied
from the pressure chamber 16 to the discharge valve 19 is higher than or equal to a
predetermined discharge pressure, the discharge valve 19 opens. By so doing, fuel is
allowed to be fed under pressure toward fuel injection valves 9. |

[0036] The discharge passage 14 is provided with a relief passage 26 that
prasses the discharge valve 19. An orifice portion 27 is provided in the middle of the
relief passage 26. A high-pressure supply pipe 7 is connected to the downstream side of
the discharge passage‘ 14 in the pump housing 11, and a delivery pipe 8 is connected to
the downstream side of the high-pressure supply pipe 7. - The fuel injection valves 9 are
connected to the delivery pipe 8. The fuel injéction valves 9 are used to inject and
| supply fuel into the corresponding cylinders of the internal combustion éngine. Drive
control over the fuel injection valves 9 is executed by an electronic control unit 40.

[0037]  Such various controls over the internal combustion engine 1 are executed
by the electronic control unit 40. The electronic control unit 40 is formed of a central
processing unit (CPU), a read only memory (ROM), a random access memory (RAM),
and the like. The CPU executes arithmetic processings related to various controls.
The ROM stores programs and data for various controls. The RAM temporarily stores
results of arithmetic processings, and the like. The electronic control unit 40 loads
signals detected by various sensors, executes various arithmetic processings, and
comprehensively controls the internal combustion engine 1 on the basis of the results.

[0038]  The various sensors include a crank angle sensor, a cam angle sensor, an
>air flow meter, a throttle sensor, a coolant temperature sensor, and the like. The crank
angle sensor detects a rotational phase of the crankshaft. The cam angle sensor detects a
rotational phase of the intake camshaft. The air flow meter detects an intake air flow
rate. The throttle sensor detects a throttle opening degree. The coolant temperatufe
sensor detects the temperature of engine coolant. In addition, a fuel pressure sensor 41

1s provided. The fuel pressure sensor 41 detects a fuel pressure Pr in the delivery pipe 8. |
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An accelerator sensor, a brake sensor, a vehicle speed sensor, and the like, are provided.
The accelerator sensor detects an accelerator operation amount. The brake sensor
detects a brake operation amount. The vehicle speed sensor detects a vehicle speed that
is a travel speed of the vehicle. These various sensors are electrically connected to the
‘electronic control unit 40.

[0039]  The electronic control unit 40 controls an injection mode, such as the
valve open duration of each fuel injection valve 9, on the basis of the fuel pressure 'Pr in
the delivery pipe 8 in a period immediately before fuel injection. That ‘is, when the
valve open duration of each fuel injection valve 9 is constant, the amount of fuel actually
injected from each fuel injection valve 9 increases as the fuel pressure Pr in the delivery
pipe 8 increases. Thus, the valve open duration of each fuel injection valve 9 is set to be
shorter as the fuel pressure Pr in the delivery pipe 8 increases such that a set fuel injection
amount is injected.

[0040]  In the present embodiment, by providing the camshaft 31 that has the
cam 32 having the three cam noses 32a for the four-cylinder internal combustion engine 1,
it is possible to utilize the cam 32 used in a six-cylinder internal combustion engine.
That is, the cam 32 is commonalized between the four-cylinder internal combustion
engine 1 and the six-cylinder internal combustion engine. |

[0041]  In this case, as described above, in the four-cylinder internal combustion
engine 1, there occurs a situation that a period during which the fuel pressure Pr is
detected for fuel injection and the valve open duration of any one of the fuel injection
valves 9 (hereinafter, an injection control duration in any one of the fuel injection valves
9) overlap with a lift duration of the plunger 15 (hereinafter, simply referred to as lift
duration) by any one of the cam noses 32a of the cam 32. Here, a lift duration is a
duration during which the volume of the pressure chamber 16 reduces as the plunger 15
18 lifted, and is a duration during which fuel in the pressuI;e' chamber 16 is discharged to -
the discharge passage 14 when current is supplied to the solenoid 24 during the lift
duration. Therefore, when an excessive amount of fuel is injected fromv the fuel

injection valve 9, variations in fuel injection amount occur among the cylinders cannot be
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ignored. As a result, engine torque fluctuations increase, and engine vibrations may not
be ignored, particularly, during idle operation in which the engine vibration level is low.

[0042] In the present embodiment, when a lift duration overlaps with the
injection control duration in any one of the fuel injection valves 9, the electronic control
unit 40 executes pressure feed limiting control in which feeding fuel unde.r pressure by
the high-pressure pump 10 during the lift duration is stopped by opening the spill valve
20. Spe_ciﬁcally, in the pressure feed limiting control, fuel is fed under pressure by the
high-pressure pump 10 only during one lift duration that does not overlap with any
injection control durations in the fuel injection valves 9 among the three lift durations
during one revolution of the cam 32. By so doing, occurrence of the above-described
inconvenience is suppressed.

[0043]  Next, drive control over the high-pressure pump 10 in the present
embodiment will be described with reference to FIG. 2. FIG. 2 shows the procedure of
drive control over the high-preséure pump 10. The‘ series of processes are repeatedly
executed at each predetermined crank angle (°CA) during engine operation.

[0044]  As shown in FIG. 2, in the series of processes, first, it is determined in
step S1 whether the internal combustion engine 1 is in an idle operafion state. When it
is determinéd that the internal combustion engine 1 is not in the idle operation state (NO
in step S1), the process subsequently proceeds to step S2. In step S2, a driving duty of
the spill valve 20 is calculated such that fuel is fed under pressure during all the lift
durations (in this case, three lift durations) while the cam 32 rotates one revolution.
Subsequently, the process proceeds to step S6, and energization control over the solenoid
24 is executed on the basié of the driving duty calculated in step'S2. Then, the series of
processes o.nce end.

[0045]  On the other hand, when it is determined in step S1 that the internél
combustion engine 1 is in the idle operation state (YES in step S1), the process proceeds
to step S3. In step S3, it is determined whether the fuel pressure Pr is a target fuel
pressure. The target fuel pressure is set to a value at which, when fuel is fed under

pressure by the high-pressure pump 10 only during the above—described one lift duration
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while the cam 32 rotates one revolution, a fuel pressure required for fuel injection at the
last timing after the fuel has been fed under pressure can be ensured, and is preset
through an experiment, or the like. When it is determined that the fuel pressure Pr is not
the target fuel pressure (NO in sfep S3), the process sequentially proceeds to step S2 and
step S6, and energizaﬁon control over the solenoid 24 is executed, after which the series
of processes once end.

[0046]  On the other hand, when it is determined in step S3 that the fuel pressure
Pr is the target fuel pressure (YES in step S3), the process proceeds to step S4. In step
S4, a lift duration during which' feeding fuel under pressure is stopped (hereinaftér,
pressure feed stop lift duration) is derived. Subsequently, the process proceedé to step
S5, and the driving duty of the spill valve 20 is calculated such that feeding fuel uﬁder
pressure is stopped dufing the derived pressure feed stop lift duration and fuel is fed
under pressure during the other lift durations. . After that, the process }Sroceeds to step S6,
and energization control over the solenoid 24 is executed, after which the series of
processes once end. - That is, pressure feed lilniting control is executed when the fuel
pressure in the high-pressure passage is the target fuel pressure.

[0047]  Next, the operation in the present embodiment will be described with
' reference to FIG. 3A to FIG. 3E. FIG 3A shows a change of an injection state of each
fuel injection valve. FIG 3B shows a change of a pressure feed state of the
high-pressure pump 10 during idle operation. FIG. 3C shows a change of a fuel pressure
Pr during idle operation. FIG. 3D shows a change of a pressure feed state of the
high-pressure pump 10 in a comparative embodiment. FIG. 3E shows a change of a fuel
pressure Pr in the comparative embodiment. In FIG 3A to FIG. 3E, the abscissa axis
represents a crank angle (°CA).

[0048]  As shown in FIG. 3A, the internal combustion engine 1‘ according to the
present embodiment has four cylinders, so fuel is injected by the fuel injection valves at
intervals of 180°CA. That is, in this case, fuel is injected into the fourth cylinder (#4) at
30°CA, and fuel is injected into the second cylinder (#2) at 210°CA. After that, fuel is

injected into the first cylinder (#1) at 390°CA, and fuel is ihjected into the third cylinder



WO 2013/061123 PCT/1B2012/002003
14
(#3) at 570°CA.
[0049]  In the comparative embodiment, fuel is fed under pressure during all the
- lift durations while the cam 32 rotates one revolution. As shown by the comparative
embodiment in FIG. 3D and FIG. 3E, fuel is fed under pressure by closing the spill valve
20 during a period from about -30°CA (690°C'A) to 0°CA, a period- from about 210°CA
to 240°CA and a period from about 450°CA to 480°CA.

[0050] As shown by the comparative embodiment in FIG. 3E, during the period
from about -30°CA (690°CA) to 0°CA, the fuel pressure Pr is increased by feeding fuel
under pressure, and, at following 30°CA, the fuel pressure Pr is decreased by opening the
fuel injection valve 9. '

[0051} During the period from about 2105CA to 240°CA, the lift duration (also
the pressure feed duration in the present embodiment) overlaps with the injection control
duration of the fuel injection valve 9 (the period during which the fuel" pressure Pr is
detected, the valve open duration of the fuel injection valve 9), so, as shown in FIG. 3E,
the fuel préssure Pr increases although the fuel injection valve 9 is opened. Thus, an
excessive amount of fuel is injected from the opened fuel injection valve 9. |

| [0052] When the fuel injection valve 9 is opened at following 390°CA in FIG.
3E, the fuel pressure Pr decreases. Then, fuel is fed under pressure during the period
from about 450°CA to 480°CA, so the fuel pressure Pr increases. The fuel injection
valve 9 is opened at following 570°CA, so the fuel pressure Pr decreases.

[0053]  In contrast to this, in the present embodimen{, as also shown in FIG. 3B
and FIG. 3C, only during a period from about -90°CA to 0°CA (that is, from 630°CA to
720°CA), the spill valve 20 is closed, and fuel is fed under pressure. By so doing, the
fuel pressure Pr increases, the fuel injection valve 9 is opened at 30°CA after fuel is fed
under pressure, and then the fuel pressure Pr decreases.

[0054] In the period from about 210°CA to 240°CA, different from the
above-described comparative embodiment, the spill valve 20 is opened, so fuel
compressed by the plunger 15 is drained toward the fuel tank 2 through the introducing

port 21. In this way, when a lift duration overlaps with an injection control duration in
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any one of the fuel injection valves 9, that is, the plunger 15 is lifted in a period in which
the fuel pressure Pr is detected for fuel injection or a valve open duration of any one of
the fuel injection valves 9 and, therefore, the fuel pressure Pr does not change in a desired
mode, feeding fuel under pressure by the high-pressure pump 10 during the lift duration
is stopped. Therefore, it is possible to avoid an excessive amount of injected fuel when
the injection control duration overlaps with the lift duration.

[0055]  In the period from about 450°CA to 480°CA, feeding fuel under pressure
is stopped through drive control over the spill valve 20 in the présent embodiment, while
fuel is fed under pressure in this period in the above-described comparative embodiment.
In the present embodiment, the duration during which the spill valve 20 is closed in order
to feed fuel under pressure (duration from about -90°CA to 0°CA) is about three times as
long as the duration (from about -30°CA (690°CA) to 0°CA) in the above-described
comparative embodiment. That is, one lift duration at the time when pressure feed
limiting control is executed is set so as to be longer than one lift duration at the time
when no pressure feed limiting control is executed. This is because the amount of fuel
fed under pressure once is increased and, by so doing, shortage of fuel at the time of each
following fuel injection is appropriately suppressed.

[0056] The spill valve 20 in the present embodiment functions as a drain
mechanisrﬁ according to the invention. With the above-described internal combustion
engine control device and internal combustion engine according to the present

embodiment, the following operations aﬁd advantageous effects are obtained.
| [0057]  The internal combustion engine 1 includes the high-pressure pump 10
that pressurizes and discharges fuel., supplied from the fuel tank 2, by lifting the plunger
15 with the use of the three cam noses 32a of the cam 32 of the intake camshaft 31. The
internal combustion engine 1 includes the fuel injection valves 9 respectively provided in
the four cylinders. The fuel injection valves 9 inject and supply fuel, fed under pressure |
from the high-pressure pump 10 through the high-pressure passage (the discharge passage
14, the high—pressure supply pipe 7 and the delivery pipe 8), into the corresponding

cylinders. That is, the number of cylinders "4" of the internal combustion ehgine 1is
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not a natural number multiple of the number of the cam noses 32a "3". The electronic
control unit 40 controls a mode in which fuel is injected by each fuel injection valve 9 on
the basis of the fuel pressure Pr in the delivery pipe 8 in a period immediately before fuel
injection. When a lift duration of the plunger 15 by the cam 32 overlaps with an
injection control duration in any one of the fuel injection valves 9, the electronic control
unit 40 executes pressure feed limiting control in which feeding fuel under pressure by
the high-pressure pump 10 during the lift duration is stopped by opening the spill valve
20. Specifically, in the pressure feed limiting control, fuel is fed under pressure by the
high-pressure pump 10 only during one lift duration that does'not overlap with any
injection control durations in the fuel injection valves 9 among the lift durations of the
plunger 15 by the three cam noses 32a.

[0058]  With the above cqnﬁguration, when a lift duration of the plunger 15 by
the cam 32 overlaps with an injection control duration in any one of the fuel injection
valves 9, it is possible to appropriately reduce variations in fuel injection amount amoﬁg
the cylinders.

[0059]  With the above configuration, when the can;l 32 having the three cam
noses 32a is employed in the four-cylinder internal combustion engine 1 as well, it is
possible to appropriately supvpress variations in fuel injection amount among the cylinders.
When the cam 32 having the three cam noses 32a is employed in the six-cylinder internal
combustion engine, existing high-pressure pump control may be applied. Therefore, the
common cam 32 is allowed to be employed for internal combustion engines having a
different number of cylinders, while it is possible to appropriately suppress variations in
fuel injection amount among the cylinders.

[0060]' - The electronic control unit 40 executes pressure feed limiting control
during idle operation. When‘there are large variations in fuel injection amount among
the cylinders, engine torque fluctuations increase, so engine vibrations increase.
Particularly, during idle operation of the internal combustion engin¢ 1 in which the
engine vibration level is low, such increasing of the engine vibrations cannot be ignored.

Thus, by executing the above-described pressure feed limiting control during idle
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operation, it is possible to appropriately suppress occurrence of such an inconvenience.

[0061]  The amount of fuel injected by each fuel injection valve 9 per injection is
small during idle operation of the internal combustion engine 1, so the width of decrease
in fuel pressure per injection is small. Therefore, even when feeding fuel under pressure

| is limited through pressure feed limiting control and, therefore, the fuel pressure cannot

be temporarily increased, it is possible to suppress occurrence of an inconvenience that
injected fuel becomes insufﬁcient» through pressure feed limiting control as much as
'bossible.

[0062]  The internal combustion engine control device and the internal
combustion engine according to the i}nvention are not limited to the configuration
illustrated in the above-described embodiment, but they may be, for example, modified
into the following alternative embbdiments as needed.

[0063] In the above-described embodiment, the above-described pressure feed
limitfng control is executed during idle operation; instead, pressure feed limiting control
may be executed during low-load bperation other than during idle operation. In the
above-describéd embodiment, fuel is fed under pressure by the high-pressure pump 10
only during one lift duration that does not overlap with any injection control durations in
‘the fuel injection valves 9 among the lift durations of the plunger 15 by the three cam
noses 32a. The mode in which pressure‘ _feed limiting control is executed according to
the invention is not limited to this configuration. [t is also apPliCable that feeding fuel
under pressure by the high-pressure pump 10 is limited only during a lift duration that
overlaps with an injection control duration in any one of the fuel injection valves 9
(period from about 210°CA to 240°CA in the above-described embodiment) among the
lift durations of the plﬁnger 15 by the three cam noses 32a.

[0064] In the above-described embodiment, the four-cylinder internal
combustion engine 1 that includes the cam 32 having the three cam noses 32a is
illustrated; however, the internal combustion engine according to the invention is not
limited to this configuration. For example, it is also applicable that a six-cylinder.

internal combustion engine includes a cam having four cam noses. In this case, the
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number of cylinders "6" of the internal combustion engine is not a natural number
multiple of the number of the cam noses "4" and at least a lift duration of the plunger by
any one of the cam noses overlaps with an injection control duration in any one of -the
fuel injection valves. By applying the invention to ‘the thus configured internal
combustion engine, it. is possible to appropriately suppress variations in fuel injection
amount among the cylinders. | |

[0065] In the above-described embodiment, feeding fuellunder pressure by the
high-préssure pump 10 is stopped in pressure feed limiting control; however, the pressure
feed limiting control according to the invention is not always iimited to the configuration
that feeding fuel under pressure is stopped. That is, for example, when a lift duration
overlaps with an injection control duration in any one of the fuel injection valves, the
amount of fuel fed under pressure by the high-pressure pump is reduced as compared
with_the case where a lift duration does not overlap with any inj‘ection control durations.

Thus, feeding fuel under pressure just needs to be limited.
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CLAIMS:

1.  An internal combustion engine control device’for an internal combustion engine
that includes: a high-pressure pump that pressurizes and discharges fuel, supplied from a
fuel tank, by lifting a plunger with the use of a plurality of cam noses of a cam that
rotates with rotation of an engine output shaft; and fuel injbection valves that are provided
for corresponding cylinders and that inject and supply fuel, fed under pressure from the
high-pressure pump through a high-pressure passage, into the corresponding cylinders,
comprising:

a control unit that controls a mode in which fuel is injected by each of the fuel
injection valves on the basis of a fuel pressure in the high-pressure passage in a period
immediately before fuel injection, wherein

the control unit executes pressure feed limiting control in which, when a lift

- duration of the plunger by any one of the cam noses overlaps with an injection control
duraﬁon in any one of the fuel injection valves, feeding. fuel under pressure by the

high-pressure pump during the lift duration is limited.

2. The internal combustion engine control device according to claim 1, wherein
the control unit stops feeding fuel under pressure by the high-pressure pump in the

pressure feed limiting control.

3. The internal combustion engine control device according to claim 1 or 2,

wherein

the number of the cylinders of the internal combustion engine is not a natural

number multiple of the number of the cam noses.

4. The internal combustion engine control device according to any one of claims 1

to 3, wherein
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the control unit feeds fuel under pressure by the high-pressure pump only during
one lift duration, which does not overlap with any injection control durations in the fuel
injection valves, among lift durations of the plunger by the plurality of cam noses in the

pressure feed limiting control.

5. The internal combustién engine control device according to any one of claims 1
to 3, wherein

the control unit limits feeding fuel under pressure by the high-pressure pump only
during a lift duration, which overlaps with an injection control duration in any one of the
fuel injection valves, among lift durations of the plunger by the plurality of cam noses in

the pressure feed limiting control.

6. The internal combustion engine control device according to any one of claims 1
to 5, wherein
the control unit executes the pressure feed limiting control during low-load

operation.

7. The internal combustion engine control device according to claim 6, wherein

the control unit executes the pressure feed limiting control during idle operation.

8. The internal combustion engine control device according to any one of claims 1
to 7, wherein
the control unit executes the pressure feed limiting control when a fuel pressure in

the high-pressure passage is a target fuel pressure.

9. The internal combustion engine control device according to any one of claims 1
)

to 8, wherein
the control unit sets one lift duration at the time when the pressure feed limiting

control is executed such that the one lift duration is longer than one lift duration at the
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time when the pressure feed limiting control is not execuldy;

10. An internal combustion engine comprising:

a high-pressure pump that pressurizes and discharges fuel, supplied from a fuel tank,
by lifting a plunger with the use of a plurality of cam noses of a cam that rotates with
rotation of an engine output shaft;

fuel injection valves that are provided for corresponding cylipders and that inject
and supply fuel, fed under pressure from the high-pressure pump through a high-pressure
passage, into the corresponding cylinders;

the cam of which the number of the cam noses is not a natural number multiple of
the number of the cylinders of the internal combustion engine; and

a drain mechanism that, when a lift duration of the plunger by any one of the cam
noses overlaps with an injection control duration in any one of the fuel injection valves,

drains fuel compressed by the plunger toward the fuel tank during the lift duration.

11.  An internal combustion engine control method comprising:

‘causing a high-pressure pump that pressurizes and discharges fuel, supplied from a
fuel tank, to lift a plunger with the use of a plurality of cam noses of a cam that rotates
with ro‘tation of an engine output shaft;

injecting and -supplying fuel, fed under pressure from the high-pressure pump
through a high-pressure passage, from fuel injection valves provided for corresponding
cylinders;

controlling a mode, in which fuel is injected by the fuel injection valves, on the
basis of a fuel pressure in the high-pressure passage during a period immediately before
fuel injection; and

when a lift duration of the plunger by any one of the cam noses oveﬂaps with an
injection control duration in any one of the fuel injection valves, limiting feeding fuel

under pressure by the high-pressure pump during the lift duration.
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12.  The internal combustion engine control method according to claim 11, further
comprising:

when a lift duration of the plunger by any one of the cam noses overlaps with an
injection control duration in any one of the fuel injection valves, draining fuel

compressed by the plunger toward the fuel tank during the lift duration.
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