wo 2013/076564 A2 || 1IN0 OO0 A O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/076564 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

30 May 2013 (30.05.2013) WIPOIPCT
International Patent Classification:
F02D 41/30 (2006.01)
International Application Number:
PCT/IB2012/002448

International Filing Date:
22 November 2012 (22.11.2012)

Filing Language: English
Publication Language: English
Priority Data:

2011-257911 25 November 2011 (25.11.2011) JP
Applicant (for all designated States except US):

TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

Inventors; and

Applicants (for US only): IKOMA, Takuya [JP/JP]; c/o
Toyota Jidosha Kabushiki Kaisha, of 1, Toyota-cho,
Toyota-shi, Aichi-ken, 471-8571 (JP). TACHIBANA, Ry-
oji [JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

(8D

MASHIKI, Zenichiro [JP/JP]; c/o Toyota Jidosha Ka-
bushiki Kaisha, of 1, Toyota-cho, Toyota-shi, Aichi-ken,
471-8571 (JP). ABE, Ryoji [JP/JP]; c¢/o Toyota Jidosha
Kabushiki Kaisha, of 1, Toyota-cho, Toyota-shi, Aichi-ken,
471-8571 (JP). SAITO, Kenichi [JP/JP]; c/o Toyota
Jidosha Kabushiki Kaisha, of 1, Toyota-cho, Toyota-shi,
Aichi-ken, 471-8571 (JP). AKITA, Tatsuhiko [JP/JP]; c/o
Toyota Jidosha Kabushiki Kaisha, of 1, Toyota-cho,
Toyota-shi, Aichi-ken, 471-8571 (JP). HONDA, TO-
MOAKI [JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha, of
1, Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).
HAMAMOTO, Yoshiaki [JP/JP]; ¢c/o Toyota Jidosha Ka-
bushiki Kaisha, of 1, Toyota-cho, Toyota-shi, Aichi-ken,
471-8571 (JP).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

[Continued on next page]

(54) Title: CONTROL APPARATUS FOR INTERNAL COMBUSTION ENGINE AND CONTROL METHOD OF INTERNAL
COMBUSTION ENGINE

IS ACCELERATOR OFF? NO w
YES
s2 E
IDLE ENGINE
S3

NO

IS VEHICLE STOPPED?

IS AGTUAL FUEL
PRESSURE > TARGET
FUEL PRESSURE?

YES

S5 S6

IN-CYLINDER INJECTION | [ PORT INJECTION

i 2

RETURN )

(57) Abstract: A control apparatus that controls a fuel supply
system of an internal combustion engine of a vehicle, the fuel
supply system including a low-pressure fuel supply mechan-
ism that injects low-pressure fuel into an intake port of the in-
ternal combustion engine, and a high-pressure fuel supply
mechanism that injects high-pressure fuel into a cylinder of
the internal combustion engine, includes a control portion
that controls a supply of fuel to the internal combustion en-
gine from the fuel supply system. Immediately after the
vehicle stops, when the internal combustion engine satisties a
predetermined condition, the controller idles the internal com-
bustion engine by supplying the high-pressure fuel to the in-
ternal combustion engine by the high-pressure fuel supply
mechanism, and after stopping the supply of fuel by the high-
pressure fuel supply mechanism, idles the internal combustion
engine by supplying the low-pressure fuel to the internal com-
bustion engine by the low-pressure fuel supply mechanism.



WO 2013/076564 A2 |IIIWAT 00N AV NSO A AU

84)

SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARTIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2013/076564 PCT/IB2012/002448
1

CONTROL APPARATUS FOR INTERNAL COMBUSTION ENGINE AND

CONTROL METHOD OF INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a control apparatus for an internal combustion

engine, and a control method of an internal combustion engine.

2. Description of the Related Art

[0002]  Among the different types of internal combustion engines for a V¢hicle,
there is a so-called in-cylinder injection type internal combustion engine that is a spark
ignition engine that injects fuel directly into the cylinders. This in-cylinder injection
‘type engine is provided with a fuel supply system thaf supplies fuel into the cylinders.

[0003]  In the fuel supply system, high-pressure fuel is accumulated and stored
inside of a delivery pipe. This high-pressure fuel is injected directly into the cylinders at
equal pressure from an injector provided in each cylinder. The fuel accumulafed and
stored in the delivery pipe is pressurized to a high pressure by‘being compressed by a
high-pressure pump after being compressed by a feed pump. The intake amount of the
high-pressure pump is controlled by an intake metering valve. This intake metering
valve controls the fuel pressure inside the delivery pipe so that it follows a target fuel
pressure according to the operating state of the ehgine. | |

[0004] In the in-cylinder injection type engine, the fuel pressure in a
high-pressure fuel supply system from the high-pressure pump to the injectors is high.
Therefore, after the engine has stopped, the fuel in the high-pressure fuel supply system
may leak out from the injectors into the cylinders and vapbrize in the cylinders, for
.example. If fuel vaporizes in the cylinders, the air-fuel mixture in the cylinders will

become excessively rich, which may cause the performance when the engine is restarted

CONFIRMATION COPY
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to decrease.

[0005] One type of in-cylinder injection type engine that is being developed
performs control to increase the idle time of the engine right before the engine stops in
order to consume the fuel in the high-pressure fuel supply system (see Japanese Patent
Application Publication No. 2004-293354 (JP 2004-293354 A), for example). This
engine reduces the fuel pressure in the high-pressure fuel supply system so that it is lower
than the target fuel pressure when the engine is restarted, by consuming fuel in the
high-pressure fuel 'supply system. As a result, a decrease in restarting performance of
the engine can be inhibited.

[0006] MeanWhile, there is a so-called dual injection type engine in which both
in-cylinder injection and port injection, that injects fuel into an intake port, are possible.
In this kind of dual injection type engine, the ratio of in-cylinder injection to port
injection is switched according to the running conditions and the like. When the engine
stops, idling is performed using only port injection.

[0007]  In this kind of dual injection type engine as well, the fuel pressure in the
high-pressure fuel supply system from the high—presSure tank to direct-injection injéctors
is high, just like the in-cylinder injection type engine described above. Therefore, there
is a possibility that high-pressure fuel may leak from the high-pressure fuel supply
_system after the engine has stopped.

[0008]  With the in-cylinder injection type engine described in JP 2004-293354
A, port injection is not takén into consideration. The dual injectibn type engine idles by
executing only port injection when the engine stops. Thereforé, even if the control
described in JP 2004-293354 ‘A that increases the idling time immediately before an
in-cylinder type engine is stopped were applied to a dual injection type engine, it would .
only increase the time that the engine idles using only port ihjection in a dual injection
type engine.

[0009]  That is, even if the time for which a dual injection type engine idies is
increased immediately before the e’ngine stops, the fuel pressure inside the high-pressure

fuel supply system for in-cylinder injection will not decrease. Therefore, in a dual
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injection type engine, high-pressure fuel will end up remaining in the high-pressure fuel
supply system after the engine has stopped. When the fuel is ’ﬁrst injected directly into
the cylinders from the high-pressure fuel supply system after the engine is next started,
fuel of a higher pressure than the target fuel pressure may be injected into the cylinders
due to this remaining high-pressure fuel. In this case, the engine may vibrate or misfire

due to combustion of the rich air-fuel mixture.

SUMMARY OF THE INVENTION

[0010]  The invention thus provides a control apparatus for an internal
combustion engine, that is capable of reducing fuel pressure in a high-pressure fuel
supply system in a dual injection type engine when the engine stops.

[0011] A first aspect of the invention relates to a control apparatus that controls
a fuel supply system of an internal combustion engine of a vehicle, the fuel supply system
including a low-pressure fuel supply mechanism that injects low-pressure fuel into an
intake port of the internal combustion engine, and a high-pressure fuel supply mechanism
that injects high-pressure fuél into a cylinder of the internal combustion engine, the
control apparatus including a controller that controls a supply of fuel to the internal
combustion engine from the fuel supply system. Immediately after' the vehicle stops,
when the internal combustion engine satisfies a predetermined condition, the control
portion idles the internal combustion engine by supplying the high-pressure fuel to the
internal combustion engine by the high-pressure fuel supply mechanism, and after
stopping the supply of fuel by the high-pressure fuel supply mechanism, idles the internal
combustion engine by supplying the low-pressure fuel to the internal combustion engine
by the low-pressure fuel supply mechanism.

[0012]  According to this structure, immediately after the vehicle stops, the
engine is idled by supplying high-pressure fuel to the engine by the high-pressure fuel
supply mechanism. As a result, the fuel pressure of the high-pressure fuel in the
high-pressure fuel supply mechanism decreases. Also, the high-pressure fuel supply

mechanism is stopped so that the fuel pressure in the high-pressure fuel supply
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mechanism does not increase. Then the engine is idled by supplying low-pressure fuel
to the engine by the low-pressure fuel supply mechanism. After this, the engine is
stopped if necessary.

[0013]  As aresult, it is possible to prevent high-pressure fuel from remaining in
the high—préssure fuel supply system afterb a dual injection type engine stops. Therefore,
vibration or misfire due to the air-fuel mixture becoming rich as a result of fuel that is at a
pressure highervthan the target fuel pressure being injected into the cylinders when fuel is
first injected directly into the cylinders by the high-pressure fuel supply system after the
engine is next started, is inhibited from occurring in the engine“

[0014] In the control apparatus described above, the predetermined condition
may be that a fuel pressure in the high-pressure fuel supply mechanism be higher than a
target fuel pressure.

[0015] In the control apparatus described above, when the predetermined
condition is not satisﬁed, the controller may idle the internal combustion engine by
supplying the low-pressure fuel to the internal combustion engine by the low-preésure
fuel supply mechanism immediately after the vehicle stops.

[0016]  The vehicle may be provided with the internal combustion engine, an
electric motor, and a variable valve timing mechanism capable of changing an opening
and closing timing of an intake valve or an exhaust valve of the internal combustion
engine with respect to rotation of a crankshaft of the internal combustion engine, and the
vehicle is able to run using at least one of the internal combustion engine and the electric
motor as a drive source. At this time, the predetermined condition may be a condition
that control to return the opening and closing timing of the intake valve or the exhaust
valve t0 an initial timing that corresponds to restarting of the internal combustion engine
be executed by the variable valve timing mechanism immediately after the vehicle stops,
and when the predetermined condition is satisfied, the control portion may idle the
internal combustion engine by supplying the high-pressure fuel to the internal
combustion engine by the high-pressure fuel supply mechanism.

[0017]  According to this structure, after the vehicle stops, high-pressure fuel is
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supplied to the engine by the high-pressure fuel supply mechanism until the opening and

closing timing of the intake valve of the exhaust valve is returned by the variable valve

timing mechanism to the initial timing for restarting the internal combustion engine.

Therefore, the timing at which the switch is madé from the high-pressure fuel supply

ﬁlechanism to the low-pressure fuel supply mechanism depends on the operation by the

high-pressure fuel supply mechanism of returning the opening and closing timing of the |
intake valve or the exhaust valve to the initial timing for restarting the internal

combustion engine. Accordingly, it is not necessary to measure the actual fuel pressure

in the high-pressure fuel supply system, so control is able to be simplified.

[0018] A second aspect of the invention relates to a control method of an
internal combustion engine, including idling the internal combustion engine by injecting
fuel intd a cylinder of the internal combustion engine when a fuel pressure inside a
high-pressure fuel supply mechanism is higher than a target fuel pressure, immediately
after a vehicle stops, and idling the internal combustion engine by injecting fuel into an
intake port of the internal combustion engine of the vehicle after idling the internal
combustion engine by injecting fuel into the cylinder of the internal combustion engine.

[0019]  In the control >method of an internal combustion engine described above,
the internal combustion engine may be idled by injecting fuel into the cylinder of the
internal combustion engine until an opening and closing timing of an intake Valve or an
exhaust valve is returned to an initial timing that corresponds to restarting of the internal
combustion engine, by a variable valve timing mechanism provided in the internal
combustion engine.

[0020]  According to the invention, a control apparatus for an internal
combustion engine, that is capable of reducing fuel pressure in a high-pressure fuel
supply system in a dual injection type engine when the engine stops, is able to be

provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]  The features, advantages, and technical and industrial significance of this
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invention will be described in the following detailed description of example embodiments
of the invention with reference to the accompanying drawings, in which like numerals
denote like elements, and wherein:

FIG. 1 is a schematic of an engine provided with a control apparatus for an internal
combustion engine according to one example embodiment of the invention;

FIG. 2 is a schematic of an intake system and an eng_ine main body according to the
example embodiment of the invention;

FIG. 3 is a flowchart illustrating operation of the control apparatus for an internal
combustion engine according to the example embodiment of the invention;

FIG 4 is a time chart showing operation of the control apparatus for an internal
combusti-on engine according to the example embodiment of the invention;

FIG. 5 is a schematic of a hybrid vehicle provided with the control apparatus for an
internal combustion engine according to the example embodiment of the invention;

FIG. 6 is a perspective view_of an overall variable valve timing mechanism of the

hybrid vehicle provided with the control apparatus for an internal combustion engine

“according to the example embodiment of the invention; and

FIG. 7 is a perspective view of the main portions of the variable valve timing
mechanism of the hybrid vehicle provided with the control apparatus for an internal

combustion engine according to the example embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] Example embodiments of the invention will now be described with
reference to the accompanying drawings. In the example embodiments, the invention is
applied to a fuel supply system of a gasoline engine vehicle, but the invention is not
limited to being applied to a gasoline engine vehicle. That is, the invention may also be
applied to a hybrid vehicle or a diesel engine vehicle. The control apparatus for an
internal combustion engine according to the example embodiments is installed in a dual
injection type internal combustion engine that uses both in-cylinder injection and port

injection, such as an in-line four-cylinder gasoline engine, for example.



10

15

20

25

WO 2013/076564 PCT/IB2012/002448
7

[0023]  The structure of the example embodiment will now be described. As
shown in FIGS. 1 and 2, an engine 1 includes an engine main body 2, an intake system 3,
and exhaust system 4, a fuel supply system 5, a cooling system 6, and an ECU

(Electronic Control Unit) 7 that serves as the control apparatus for the internal

- combustion engine.

[0024]  The engine main body 2 includes a cylinder block 10 and a cylinder head
20. The cylinder block 10 and the cylinder head 20 include four cylinders 11. The
cylinders 11 may be provided such that the longitudinal direction thereof is the vertical
direction. To sifnplify the description, the cylinders. 11, as well as other parts that are
provided in plurality, may hereinafter be described in the singular.

[0025]  The cylinder block 10 includes a piston 12,. a c'onnebting rod 13, a
crankshaft 14, and a crank angle sensor 15. The piston 12’is provided so as to be able to
move in a reciprocating manner inside the cylinder 11. The piston 12 is rotatably
connected to the connecting rod 13. The connecting rod 13 is rotatably connected to the
crankshaft 14. The crank angle sensor 15 detects the rotation speed of the crankshaft 14
and outputs a signal indicative thereof to the ECU 7.

[0026]  In the engine main body 2, a combustion chamber 16 is formed by the
cylinder block 10, the cylinder head 20, and the piston 12. In the engine main body 2, a
mixture of air and fuel (i.e., an air-fuel mixture) is combusted in the combustion chamber
16, causing the piston 12 to move in a reciprocating manner, which in turn éauses the
crankshaft 14 to rotate via the connecting rod 13.

[0027]  The cylinder head 20 includes an intake port 21, an intake valve 22, an
intake camshaft, not shown, an exhaust port 23, an exhaust vélve 24, an exhaust camshaft,
not shown, and a spark plug 25. The intake port 21 communicates an intake passage of
the intake system 3 with the combustion chamber 16. The intake valve 22 opens and
closes communication between the intake port 21 and the combustion chamber 16 by
raising and.lowering, thereby controlling the introduction of intake air I into the

combustion chamber 16 from the intake passage of the intake system 3. The intake

camshaft raises and lowers the intake valve 22.
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[0028]  The exhaust port 23 communicates the combustion chamber 16 with an
exhaust passage of the exhaust system 4. The exhaust valve 24 opens and closes
communication between the combustion chamber 16 and the exhaust port 23 by raising
and lowering, thereby controlling the discharge of exhaust gas G into the exhaust passage
of the exhaust system 4 from the combustion chamber 16. The exhaust camshaft raises
and lowers the exhaust valve 24.

[0029]  The intake valve 22 communicates the combustion chamber 16 with the
intake passage when open, and the exhaust valve 24 communicates the combustion
chamber 16 with the exhaust passage when open. When the piston 12 moves downward
while the intake valve 22 is open such that the combﬁstion chamber 16 is communicated
with the intake passage, the intake‘air I is drawn inﬁ) the combustion chamber 16
through the intake passage. When the piston 12 moves upward while the exhaust valve
24 is open such that the combustion chamber 16 is communicated with the exhaust
passage, the exhaust gas II is discharged from the combustion chamber 16 through the
exhaust passage. |

[0030]  The spark plug 25 is provided exposed inside the combustion chamber
16 such that spark ignition is possible. The ignition timing of the spark plug 25 is
controlled by the ECU 7.

[0031]  The infake system 3 includes an intake inlet pipe 30, an air cleaner 31, an
intake pipe 32, an airflow meter 33, a throttle valve 34, a surge tank 35, and an intake
manifold 36. The air cleaner 31 purifies the intake air I atan upstrearﬁ portioh of the
intake system 3 by removing coarse particulates aﬁd the like from it using a built-in filter.
The airflow meter 33 detects the flowrate of the intake air I .

[0032]  The throttle valve 34 is provided between the air cleaner 31 and the surge
tank 35. The flowrate of the intake air [ supplied to each cylinder 11 is regulated by
eleétrOnically controlling the throttle valve 34. The intake manifold 36 connects the
intake pipe 32 to each cylinder 11.

[0033]  The intake air I flows from the intake inlet pipe 30 to the engine main

body 2 via the air cleaner 31, the throttle valve 34, the surge tank 35, and the intake
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manifold 36, in this order, and then flows into the cylinders 11. The intake system 3 is
connected to the engine main body 2 by the intake manifold 36 being connected to the
cylinders 11.

[0034]  The exhaust system 4 includes an exhaust manifold 40, an exhaust gas

~ pipe 41, and an exhaust after-treatment device, not shown.

[0035]  The exhaust gas II that has been discharged from the cylinders 11
flows through the exhaust manifold 40. The engine main body 2 is connected to the
exhaust system 4 by this exhaust manifold 40 being connected to the cylinders 11. The
exhaﬁst gas pipe 41 connects the exhaust manifold 40 to the exhaust after-treatment
device.
| [0036]  The fuel supply system 5 includes a low-pressure fuel suppiy mechanism
50 and a high-pressure fuel supply mechanism 80. The fuel supply system 5 pressurizes
the fuel and then supplies it (i.¢., the pressurized fuel) to the engine main body 2.

[0037]  The low-pressure fuel supply mechanism 50 includes a fuel pumping
portion 51, a low-pressure fuel line 52, a low-pressure delivery pipe 53, and low-pressure
injectors 54.

[0038]  The fuel pumping portion 51 includes a fuel tank 511, a feed pump unit
512, a suction filter 513, a fuel filter 514, a fuel pressure control valve 515, and a fuel
conduit 516 that connects these together.

[0039]  The fuel tank 511 sfores fuel such as gasoline to be consumed by the
engine main body 2. The feed pump unit 512 has a built-in feed pump, not shown, and
is driven and stopped based on an ON / OFF command signal output from tﬁe ECU 7.

[0040]  The feed pump unit 512 is able to pressurize fuel drawn up from within
the fuel tank 511 to a certain pressure within a pressure range of less than 1 [MPa], for
example, and discharge this pressurized fuel. The feed pump unit 512 is able to change
the discharge pressure [MPa] and the discharge rate [m3 / sec] per unit time by being
controlled by the ECU 7. |

[0041] That is, the discharge pressure and the discharge rate per unit time are

able to be variably controlled by the ECU 7 controlling the driving and the rotation speed
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of the feed pump unit 512 with the ON / OFF signal. The feed pump unit 512 is a

variable fuel flowrate pump or a variable fuel pressure pump that is capable of increasing
at least one of the supply flowrate and the supply pressure of fuel to the low-pressure fuel
supply mechanism 50 and the high-pressure fuel supply mechanism 80.

[0042]  The suction filter 513 is provided at the inlet of the feed pump unit 512,
and prevents foreign matter from being drawn into the feed pump. The fuel filter 514 is
provided at the outlet of the feed pump unit 512, and removes foreign matter in the fuel
being discharged. ‘

[0043]  The fuel pressure control valve 515 incorporates a diaphragm, not shown,
that receives the pressure of the fuel discharged from the feed pump unit 512 in the
valve-opening direction, and a compression coil spring, also not shown, that urges this
diaphragm in the valve-closing direction. The fuel pressure control valve 515 opens
when the pressure of the fuel received by the diaphragm exceeds a set pressuré, and stays
closed while the pressure of the fuel received by the diaphragm is less than the set

- pressure. As a result, the fuel pressure control valve 515 regulates the pressure of the
fuel discharged into the low-pressure fuel line 52 to a preset low-pressure supply pressure
such as 400 [kPa], for example.

[0044]  The low-pressure fuel line 52 é;:\)‘nnects the fuel pumping portion 51 to
the low-pressure délivery pipe 53. The low-pressure fuel line 52 is an arbitrary member
that forms a fuél passage, and is not limited to a fuel pipe. For example, the
low-pressure fuel line 52 may be a single member through which a fuel passage is formed,
or it may be a plurality of members between which a fuel passage is formed.

[0045]  The low-pressure delivery pipe 53 is connected to the low-pressure fuel
line 52 at one end side in the direction in which the cylinders 11 are arranged in a line
(hereinafter referred to as the “in-line arrangement direction of the cylinders 117). The
low-pressure injectors 54 are connected to the low-pressure delivery pipe 53 at the same
intervals as the intake ports 21 corresponding to the cylinders 11 in the in-line
arrangement direction of the cylinders 11.  The low-pressure delivery pipe 53 distributes

the fuel from the fuel pumping portion 51 at even pressure to the low-pressure injectors
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54. A low-pressure fuel pressure sehsor 53a that detects the fuel pressure inside of the
low-pressure delivery pipe 53 is mounted to fhe low-pressure delivery pipe 53.

[0046] The low-pressure injectors 54 are provided as port injection injectors,
with each having a nozzle hole portion 54a that is exposed inside the intake port 21
corresponding to each cylinder 11.  Each of the low-pressure injectors 54 is formed by a
fuel injection valve that includes an electromagnetic valve portion, not shown, that is
driven by an injection command signal from the ECU 7, and a nozzle portion, also not
shown, that opens the valve to inject fuel into the intake port 21 from the nozzle hole
portion 54a when the electromagnetic valve .portion is energized. The pressurized fuel
in the low-pressure delivery pipe 53 is injected into the intake port 21 from the nozzle
hole portion 54a of the low-pressure injector 54 by opening the valve in one of the
plurality of low-pressure injectors 54. |

[0047]  The high-pressure fuel supply mechanism 80 includes a high-pressure
pump portion 81, a high-pressure fuel line 82, a high-pressure delivery pipe 83, and
high-pressure injectors 84.

[0048]  The high-pressure pump portion 81 includes an upstream conduit 90, a
downstream conduit 91, a pulsation damper 92, a. high-pressure pump main body 93, and
an electromagnetic spill vaive 94. The high-pressure pump portion 81 is attached to the
upper side of the cylinder head 20, and connected between the low-pressure fuel line 52
and the high-pressure fuel line 82. The upstream conduit 90 is connected to a branch
pipe 52a bf the low-pressure fuel line 52. The downstream conduit 91 is connected to
the high-pressure fuel line 82.

[0049] .The pulsation damper 92 is provided in the upstream conduit 90, and
includes an elastic diaphragm 92a that receiveé fuel pressure, and "a compression coil
spring 92b. The internal volume of the pulsation damper 92 is changed by elastic
deformation of the diaphragm 92a, so as to suppress pressure pulsation of the fuel in the
upstream conduit 90.

[0050] The high-pressure pump main body 93 includes a pump housing 931, a
plunger 932, a camshaft 933, a lifter 934, and a return spring 935.
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[0051] The pump housing 931 has a round tube-shaped pressurizing chamber
931a formed inside. The plunger 932 has a round tube-shape and is slidably provided
inside the pump housing 931. The volume of the pressurizing chamber 931a changes as
the plﬁnger 932 slides. The camshaft 933 is provided on a portion of the exhaust
camshaﬁ of the engine main body 2, and has a cam 933a for driving a pump.

[0052]  The lifter 934 is integrated with the plﬁnger 932, and slides the plunger
932 by being pushed on by the cam 933a. The return spring 935 is formed by a
compression coil spring provided between the pump housing 931 and the lifter 934, and
urges the lifter 934 against the cam 933a.

[0053] In the high-pressure pump main body 93, the work of drawing in,
pressurizing, and discharging fuel from the feed pump unit 512 is accomplished by
changing the volume of the pressurizing chamber 931a by the reciprocating movement of
the plunger 932.

[0054]  The high-pressure pump main body 93 pressurizes fuel introduced into
the pressurizing chamber 931a from the low-pressure fuel line 52 from approximately
400 [kPa], for example, to approximately 4 [MPa] to 13 [MPa], for example, and then
discharges this pressurized fuel to the high-pressure fuel line 82. |

[0055]  The electromagnetic spill valve 94 includes a valve body 941, an
‘electromagnetically-driven coil 942, and a pressing spring 943.

[0056]  The valve body 941 is able to open and close communication between
the wupstream conduit 90 and the pressurizing chamber 931a. The
electromagnetically-driven coil 942 electromagnetically drives the valve body 941 in
response to being energized by the ECU 7. The pressing spring 943 is formed by a
compression coil spring, and constantly urges the valve body 941 in the open direcﬁon.

[0057] When the electromagnetically-driven coil 942 is not being driven, i.e., is
in a de-energized state, the valve body 941 opens the valve to intfoduce fuel delivered

from the feed pump unit 512 into the pressurizing chamber 931a. On the other hand,

" when the electromagnetically-driven coil 942 is being driven, i.e., is in an energized state,

the valve body 941 closes the valve to allow the high-pressure pump main body 93 to
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pressurize and discharge fuel.

[0058]  The electromagnetic spill valve 94 has a check valve function that
prevents high-pressure fuel from flowing back when the electromagnetic spill valve 94
closes in response to a signai input from the ECU 7. On the other hand, when the
elecfromagnetic spill valve 94 opens in response to a signal input from the ECU 7, fuel is

allowed to be drawn into the pressurizing chamber 931a or fuel inside the pressurizing

- chamber 931a is allowed to leak out into the low-pressure fuel line 52, according to the

displacement of the plunger 932.

[0059] = When the electromagnetical‘ly-driven coil 942 is energized, the
electromagnetic spill valve 94 closes off the pressurizing chamber 931a with the valve
body 941. Then the electromagnetic spill valve 94 draws fuel into the pressurizing
chamber 931a, ‘pressurizes the fuel in the pressurizing chamber 931a, and discharges the
fuel from the pressurizing chamber 931a, all by changing the volume of the pressurizing
chamber 931a by the reciprocating movement of the plunger 932.

[0060]  The high-pressure fuel line 82 is formed By a conduit that connects the
high-pressure pump portion 81 to the high-pressure delivery pipe 83, and has a check
valve 82a provided midway therein. - The high-pressure fuel line 82 is an arbitrary
mémber that forms a fuel passage, and is not limited to a fuel pipe. For example, the
high-pressure fuel line 82 may also bea single member through which a fuel passage is
formed, or it may be a plurality of members between which a fuel passage is formed.

[0061]  The cheék valve 82a is provided near the high-pressure pump portion 81.
The check valve 82a opens when the fuel pressure on the high-pressure pump portion 81
side becomes, for example, approximately 100 [kPa] higher th‘an the fuel pressure on the
high-pressure injector 84 side. On the other hand, the check valve 82a closes when the
pressure on the high-pressure pump portion 81 side becomes approximately equal to or
less than the pressure on the high-pressure injectors 84 side.

[0062]  The high-pressure delivery pipe 83 is connected to the high-pressure fuel
line 82 at one end side in the in-line arrangement direction of the cylinders 11. The

high-pressure injectors 84 are connected to the high-pressure delivery pipe 83 at the same
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intervals as the cylinders 11 in the in-line arrangement direction of the cylinders 11.
The high-pressure delivery pipe 83 distributes the fuel from the high-pressure pump
portion 81 at even pressure to the high-pressure injectors 84. A high-pressure fuel
pressure sensor 83a that detects the fuel pressure inside of the high—pressui'e delivery pipe
83 is mounted to the high-pressure delivery pipe 83.

[0063] The high-pressure injectors 84 are provided as in-cylinder injection
injectors, with each having a nozzle hoie portion 84a that is exposed inside thé
combustion chamber 16 of each cylinder 11. Each of the high-pfessure inje.ctors v84 is
formed by a fuel injection valve that includes an electromagnetic valve portion, not
shown; that is driveh by an injection command signal from the ECU 7, and a nozzle
portion, also not shown, that opens the valve to inject fuel into the combustion chamber
16 from the nozzle hole portion 84a when the electromagnetic valve portion is energized.
The pressurized fuel in the high-pressure del’ivefy pipe 83 is injected into the combustion
chamber 16 from the nozzle hole portion 84a of the high-pressure .injector 84 by opening
the valve in one of the plurality of high-pressure injectors 84. |

[0064] The cooling system 6 includes a water jacket 61, a water pump, not
shown, and a radiator, also not shown. Coolant W is circulated from the water pump, to
the water jacket 61, then to the radiator, and then back again to the water pump.

[0065]  The }\:/vater jacket 61 includes a cylinder block water jacket 61a formed in
the cylinder block 10, a cylinder head water jacket 61b formed in the cyiinder head 20,
and a coolant temperature sensor 61c. The cylinder block water jacket 6la and the
cylinder head water jacket 61b are connected together and provided around each of the
cylinders 11. The water jacket 61 cools the engine main body 2 by circulating the
coolant W inside of it (i.e., the water jacket 61).

[0066] The ECU 7 includes é CPU (Central Processing Unit) 7a, ROM (Read
Only Memory) 7b in which fixed data is stored, RAM (Randdm Access Memory) 7c¢ in
which data is temporarily stored, backup memory, not shown, formed by rewritable

nonvolatile memory, an input interface circuit, not shown, that has an A /D converter and

- a buffer and the like, and an output interface ciréuit, also not shown, that has a drive



10

15

20

25

WO 2013/076564 PCT/IB2012/002448
15

circuit and the like. ON / OFF signals from an ignition switch of a vehicle are input to
the ECU 7, and electric power is supplied from a battery, not shown.

[0067}  Various sensors are connected to the ECU 7. These sensors include the
airflow meter 33, the crank angle sensor 15, the low-pressure fuel pressure sensor 53a,
the high-pressure fuel pressure sensor 83a, and the coolant temperature sensor 61c, all of
which are described above, as well as an accelerator sensor 72 that detects a depression
angle of an accelerator pedal 71, a vehicle speed sensor 73 that detects a vehicle speed of

the vehicle, a fuel temperature sensor, not shown, that detects a temperature of the fuel,

" and an intake air temperature sensor, also not shown, that detects a temperature of the

intake air.

[0068] The ECU 7 calculates a basic injection quantity necessary for each
combustion, based on an accelerator operation amount detected by the accelerator sensor
72, an intake air amount detected by the airflow meter 33, and an engine speed detected
by the crank angle sénsor 15, and the l'ike, aécording to a control program stored in
advance in the ROM 7b. The ECU 7 then calculates a fuel injection quantity that has
undefgone an air-fuel ratio feedback correction and various other corrections according to
the operating state of the engine 1, based on the basic injection quantity and set value
information stored in advance in the backup memory and the like. The ECU 7 then
outputs an injection command signal and a valve driving command signal to drive the
electromagnetic spill valve 94, and the 1ike_, to the low-pressure injectors 54 and the
high-pressure injectors 84 at the right time, based on the calculated fuel injection
quantity.

[0069] The ECU 7 adjusts the amount of fuel that leaks out through the
electromagnetic spill valve 94 from the pressurizing chamber 931a to the low-pressure
fuel line 52. The ECU 7 is able to control the pressure of fuel supplied from the
high-pressure pump main body 93 to the high-pressure delivery pipe 83 to an optimum
fuel pressure according to the operating state of the engine 1 and the injection
characteristics of the high-pressure injectors 84, by at least this adjustment.

[0070]  For example, the ECU 7 is able to set an ON time, during which the
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electromagnetically-driven coil 942 of the electromagnetic spill valve 94 is in an
energized state, and an OFF time, during which the electromagnetically-driven coil 942
of the electromagnetic spill valve 94 is not in an energized state, within a certain signal
cycle. The ECU 7 is able to adjust the amount of fuel that leaks out through the
electromagnetic spill valve 94 from the pressurizing chamber 931a, by changing the ratio
of ON time within the signal cycle (i.e., 0% to IOO%; hereinafter, referred to as the “duty
ratio™).

[0071]  When the engine 1 is started, the ECU 7 first performs fuel injection

using the low-pressure injectors 54.. When the fuel pressure inside the high-pressure

delivery pipe 83 that is detected by the high-pressure fuel pressure sensor 83a exceeds a
preset pressure value, the ECU 7 determines that the fuel pressure has reached a fuel
pressure level necessary to execute fuel injection using the high-pressure injectors 84.

Based on this determination, the ECU 7 starts to output an injection command signal to

“the high-pressure injectors 84.

[0072]  The ECU 7 controls the fuel injection in the manners described in the
examples below. For example, during normal operation, the ECU 7 executes in-cylinder
injection using the high-pressure injectors 84, and under a specific operating condition in
which the air-fuel mixture formation is insufficient with in-cylinder injection, such as
when the engine 1 is warming up at startup or when the engine 1 is operating at a low
speed and a high load, the ECU 7 executes port injectidn in combination with in-cylinder
injection. In another example, the ECU 7 executes in-cylinder injection using the
high-pressure injectors 84 during normal operation, and executes port injection using the
low-pressure injectors 54 at times such as when the engine 1 is operating at a high speed
and a high load which is when port injection is effective. Alternatively, the ECU 7
operates the engine 1 using only port injection and no in-cylinder injection (hereinafter,
this will be referred to as “PFI operation™).

[0073]  When the accelerator is off (that is, when the accelerator pedal 71 is

released, i.e., not being depressed) when the vehicle is traveling at a high speed, for

bexample, the ECU 7 stops energizing the electromagnetically-driven coil 942 of the
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electromagnetic spill valve 94, thereby placing the high-pressure pump portion 81 in a
fuel-cut state in which the high-pressure pump portion 81 is unable to pressurize the fuel.

[0074] Irﬁmediately after the vehicle stops, the ECU 7 idles the engine 1 by
supplying high-pressure fuel to the engine 1 using the high-pressure fuel supply
mechanism 80, thereby lowering the fuel pressure of the high-pressure fuel ih the
high-pressuré fuel supply mechanism 80. The ECU 7 sets a target fuel pressure when
using the high-pressure fuel supply mechanism 80 beforehand, and stores this target fuel
pressure. After the ECU 7 stops supplying fuel using the high-pressure fuel supply
mechanism 80, the ECU 7 idles the engine 1 by supplying low-pressure fuel to the engine
1 using the low-pressure fuel supply mechanism 50.

[0075]  Next, the operation of the example em.bodiment will be described. The
flowchart shown in FIG. 3 is a program of a fuel supply routine for an internal
combustion engine that is executed, using the RAM 7c as the work area, by the CPU 7a
of the ECU 7. This program of the fuel supply routine for an internal combustion
engine is stored in the ROM 7b of the ECU 7.

| [0076] In the fuel supply system 5 of this example embodiment structured as
described above, this fuel supply routine for an internal combustion engine is executed at
intervals of time (such as every 10 milliseconds) determined in advance by the ECU 7.

[0077] The ECU 7 determines whether the accelerator pedal 71 is released, i.e.,
whether the accelerator is off (step S1).  This determination is made by the ECU 7 based
on whether the accelerator operation amount detected by the accelerator sensor 72 is 0.
When the ECU 7 determines that the accelerator pedal 71 is not released, i.e., that the
accelerator is not off (i.e., NO in step S1), the process returns to the main routine.

[0078]  When the ECU 7 determines that the accelerator pedal 71 is released, i.e.,
that the accelerator is off (i.e., YES in step S1), the ECU 7 performs control to reduce the
speed of the engine 1 so that the engine 1 idles, by reducing the amount of fuel supplied
to the engine 1 from the fuel supply system 5 or setting that amount to zero (step S2).

[0079]  The ECU 7 determines whether the vehicle is stopped (step S3). This

determination is made by the ECU 7 based on whether the vehicle speed detected by the
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vehicle speed sensor 73 is zero. When the ECU 7 determines that the vehicle is not
stopped (i.e., NO in step S3), the process returns to the main routine.

[0080]  When the ECU 7 determines that the vehicle is stopped (i.e., YES in step
S3), the ECU 7 determines whether an actual fuel pressuré in the high-pressure fuel
supply system is higher than the preset target fuel pressure (step S4). This
determination is made by the ECU 7 based on comparative results of thé actual fuel
pressure on the high pressure side detected by the high-pressure fuel pressure sensor 83a
and the target fuel pressure.
| [0081]  When the ECU 7 determines that the actual fuel pressure in the
high-pressure fuel supply system is higher than the targef fuel pressure (i.e., YES in FIG
4), the ECU 7 performs control to idle the engine 1 using only in-cylinder injection by
activating the high-pressure fuel supply mechanism 80 (step S5). That is, if the engine 1
is stopped while the actual fuel pressure in the high-pressure fuel supply system is higher
than the target fuel pressure, high-pressure fuel will end up remaining in the
high-pressure fuel supply system, so the ECU 7 performs control to reduce the fuel
pressuré in the high-pressure fuel supply system by idling the engine 1 using in-cylinder
injection.

[0082] On the ot_'hervhand, when the ECU 7 determines that the actual fuel
pressure in the high-pressure fuel supply system is equél to or less than the target fuel
pressure (i.e., NO in FIG. 4), the ECU 7 performs control to idle the engine 1 with PFI
operation using only port injection by operating the low-pressure fuel supply mechanism ‘
50.

[0083]  Operation of the engine 1 when a driver has released the accelerator
pedal 71 while the vehicle is running as described above will be described with reference
to the time chart shown in FIG. 4.

[0084]  As shown in FIG. 4, while the vehicle is running, percentages of both
in-cylinder injection and port injecﬁon of the supply of fuel to the engine 1 are 50%, for
example. When the driver releases the accelerator pedal 71 at time Ty, the ECU 7

performs control to reduce the amount of fuel supplied from the fuel supply system 5 to
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the engine 1. As a result, the speed of the engine 1 decreases, and consequently, the

“vehicle speed decreases.

[0085] If the actﬁal fuel pressure in the high-pressure fuel supply system is
greater than a target fuel pressure Po when the vehicle speed is zero at time T), the ECU 7
performs control to idle the engine 1 using only in-cylinder injection by opgrating the
high-pressure fuel supply mechanism 80. Idling the engine 1 using in-cylinder injection
reduces the fuel pressure in the high-pressure fuel supply system.

[0086]  If the actual fuel pressure in the high-pressure fuel supply system is
equal to or less than the target fuel pressure Py at time T, the ECU 7 performs control to
idle the engine 1 by PFI operation using only port injection by operating the low-pressure
fuel supply mechanism 50.. As a result, the actual fuel pressure in the high-pressure fuel
supply system is able to be maintained at approximately the target fuel pressure P

[0087]  If the engine 1 is stopped thereafter, the actual fuel pressure in the
high-pressure fuel supply system is able to be kept at approximately the target fuel
pressure Po.  Of, if the engine 1 is not stopped and the accelerator pedal 71 is depressed
by the driver, the amount of fuel that is supplied will increase, so the speed of the engine
1 will increase.

[0088] As described above, with the control apparatus for an internal
combustion engine according to this example embodiment, immediately after the vehicle
stops, the fuel pressure of the high-pressure fuel in the high-pressure fuel supply system

is reduced by idling the engine 1 by supplying high-pressure fuel to the engine 1 using

_ the high-pressure fuel supply mechanism 80. This makes it possible to prevent

high-pressure fuel from remaining in the high-pressure fuel supply system after the dual
injection type engine 1 stops. As a result, vibration or misfire due to the air-fuel mixture
becoming rich as a result of fuel that is at a pressure higher than‘ the target fuel pressure
being injected into the cylinders 11 when fuel is first directly injected into the cylinders
11 by the high-pressure fuel supply system after the engine 1 is next startéd, is inhibited
from occurring in the engine 1.

[0089]  As described above, it is possible to inhibit the pressure of fuel in the
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high-pressure fuel supply system from becoming excessively high while the vehicle is
stopped, so it is possible to eliminate a relief mechanism in the high-pressure fuel supply
system. Therefore, there is no need to provide a condﬁit for the relief mechanism from
the high-pressure delivery pipe 83 to the fuel tank 511, for example, so costs can be
reduced compared with when a rehef mechanism is provided.

[0090]  In the control apparatus for an internal combustion engine according to
the example embodiment described above, the ratio of fuel to be used for in-cylindér
injection and port injection (hereinafter also referred to as the “in-cylinder injection to
port injection ratio”) is determined based on the comparative results of the actual fuel
pressure in the high-pressure fuel supply system and the target fuel pressure Py. The
control apbaratus for an internal combustion engine of the invention is not limited to this.
For example, the in-cylinder injection to port injection ratio may also be determined
baéed on a temperature such as the fuel temperature, the intake air temperature, or the
coolant temperature. Alternatively, the in-cylinder injection to port injection ratio may
be determined based on a combination of a temperature such as the fuel temperature, the
intake air temperature, or the coolant temperature, and the comparative results of the
actual fuel pressure in the high-pressure fuel supply system and the target fuel pressure
Po. |

[0091]  In the control apparatué for an internal combustion engine according to

_the example embodiment described above, the control apparatus is applied to a gasoline
vehicle. The control apparatus for an internal combustion engine of the invention is not
limited to this. For example, the control apparatus may also be applied to a hybrid
vehicle or a diesel engine vehicle.

[0092] Now a case will be described in which the control apparatus for an
internal combustion engine is applied to a hybrid vehicle 100. As shown in FIG. 5, the
hybrid vehicle 100 is provided with an engine 1, a poWer splitting / combining device 101
that is connected to the engine 1, a motor MG1 and a motor MG2 that serve as electric
motors that are connected to the power splitting / combining device 101, and an ECU 7

that controls the overall vehicle. This hybrid vehicle 100 is able to run using at least one
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of the engine 1 and the motor MG?2 as a drive source.

[0093] The engine 1 has é structure like the engine 1 déscribed above, so
reference characters will be the same and a detailed description thereof will be omitted.
As shown in FIGS. 6 and 7, the engine 1 includes a variable valve timing mechanism 110
capable »of continuously (i.e., smoothly) changing the opening and closing timing of the
intake valves 22. The variable valve timing mechahism 110 includes a VVT controller
111 and an oil control valve 112.

[0094] The VVT controllef 111 is a vane-type.controller that includes a housing
pdrti'on 113 and a vane portion 114. The housing portion 113 is fixed to a timing gear
116. The timing gear 116 is connected to the crankshaft 14 via a timing chain 115.
The vane portion 114 is fixed to an intake camshaft 117 that épens and closes the intake
valves 22. The oil control valve 112 regulates the hydraulic pressure applied to an
advance chamber and a retard chamber of the VVT controller 111,

[0095]  The variable valve timing mechanism 110 regulates the hydraulic
pressure applied to the advance chamber and the retard chamber of the VVT controller
111 via the oil control valve 112.“ As a result, the vane portion 11‘4.is rotated rela;[ive to
the housing portion 113, thereby continuously (i.e., smoothly) changing the angle of the
intake camshaft 117 of the opening and closing timing of the intake valves 22.

[0096]  As shown in FIG. 5, a differential gear 120 is connected to the power
splitting / combining device 101. Driving wheels 121 are connécted to this differential
gear 120. Output from the power splitting / combining device 101 is transmitted to the
driving wheels via the differential gear 120. The motor MG1 and the motor MG2 are
each formed by a synchronous generator-motor capable of being driving as a generator as
well as being driven as a motor. The motor MG1 and the motor MG2 are each
connected to an inverter 130. Both of the inverters 130 are connected to a battery 131.
The ECU 7 is connected to an engine ECU 140, a motor ECU 141, and a battery ECU
142.

[0097]  In the hybrid vehicle 100 described above, when a stop command for the

engine 1 is generated and the vehicle stops, the ECU 7 operates the variable valve timing
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mechanism 110 via the engine ECU 140 and returns the opening and closing timing of
the intake valves 22 to the initial timing. That is, the ECU 7 rotates the vane portion 114
and shifts it to the most retarded position that corresponds to the initial timing that is
optimum for restarting the engine 1. In order to perform the operation of rotating the
vane portion 114, the ECU 7 idles the engine 1 without stopping it for a predetermined
waiting period of 500 milliseconds, for example, and then stops the engine 1 after this
waiting period has elapsed. |

[0098]  Here, the ECU 7 performs control to idle the engine 1 using only
in-cylinder injection by operating the high-pressure fuel supp“ly mechanism 80. As a
result, the ECU 7 is able fo determine the in-cylinder injection to port injection ratio
without comparing the actual fuel pressure in the high-pressure fuel supply system with
the target fuel preséure, so control can be performed easily.

'[0099] In the hybrid vehicle 100 described above, the variable valve timing
mechanism 110 changes the opening and closing timing of the intake valves 22. The
control apparatus for an internal combustion engine of the invention is not limited to this.

"The variable {Ialve timing mechanism may also change the opening and closing timing of
the exhaust vélves 24. In this case, in order to return the opening and closing timing of
the exhaust valves 24 to the initial timing whén the engine | stops, the vane portion of the
exhaust-side variable valve timing mechanism is rotated so that it moves to the most
advanced position that corresponds to the initial position that is optimum for restarting
the engine 1.

[0100]  As described above, the control apparatus for an internal combustion
engine of the invention displays the effect of being able to reduce the fuel pressure in the
high-pressure fuel supply system in_a dual Ainject'ior‘l type engine when the engine stops,
and i§ useful as a control apparatus for an internal combustion engine.

[0101] While the invention has been described with reference to example
embodiments thereof, it is to be understood that the invention is not limited to the
described embodiménts or constructions. To the contrary, the invention is intended to

cover various modifications and equivalent arrangements. In addition, while the various
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elements of the example embodiments are shown in various combinations and
configurations, other combinations and configurations, including more, less or only a

single element, are also within the scope of the invention.
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CLAIMS:

" 1. A control apparatus that controls a fuel supply system of an internal combustion
engine of a vehicle, the fuel supply system including a low-pressure fuel supply
meéhanism that injects low-pressure fuel into an intake port of the internal combustion
engine, and a high-pressure fuel supply mechanism that injects high-pressure fuel into a
cylinder of the internal combustion engine, the control apparatus comprising:

a controller (7) that controls a supply of fuel to the internal combustion engine (1)
from fhe fuel supply system (5),

wherein immediately after the vehicle stops, when the internal combustion engine
satisfies a predetermined condition, the controller idles the internal combustion engine by
supplying the high-pressure fuel to the internal combustion engine by the high-pressure
fuel supply mechanism (80), and after stopping the supply of fuel by the high-pressure
fuel supply mechanism, idles the internal combustion engine by supplying the
low-pressure fuel to the internal cdmbustion engine by the low-pressure fuel supply

 mechanism (50).

2. The control apﬁaratus according to claim 1, wherein the predetermined condition
is that a fuel pressufe in the high-pressure fuel supply mechanism be higher than a target

fuel pressure.

3. The control apparatus according to claim 1 or 2, wherein when the predetermined
condition is not satisfied, the control portion idles the internal combustion engine by
supplying the low-pressure fuel to the internal combustion engine by the low-pressure

fuel supp'ly mechanism imfnediately after the vehicle stops.

4. The control apparatus according to claim -1, wherein the vehicle is provided with

the internal combustion engine (1), an electric motor (MG1, MG?2), and a variable valve
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timing mechanism (110) capable of changing an opening and closing timing of an intake
valve (22) or an exhaust valve (24) of the internal combustion engine with respect to
rotation of a crankshaft of the internal combustion engine, and the vehicle is able to run
using at least one of the internal combustion engine and the electric motor as a drive
source, and

wherein the predetermined condition is a condition that control to return the opening and
closing timing of the intake valve or the exhaust valve to an initial timing that
corresponds to restarting of the internal combustion engine be executed by the variable
valve timing mechanism immediately after the vehicle stops; and

when the predeterrﬁinéd condition is satisfied, the controller idles the internal combustion
engine by supplying the high-pressure fuel to the internal combustion engine by the

high-pressure fuel supply mechanism.

5. A control method of an internal combustion engine, comprising:

idling the internal combustion‘engine by injecting fuel into a cylinder of the internal
combustion engine (1) when a fuel pressure inside a high-pressure fuel suppiy
mechanism (80) is higher than a target fuel pressure, immediately after a vehicle stops;
and

idling the internal combustion engine by injecting fuel into an intake port of the
internal combustion engine of the vehicle after idling the internal combustion engine by

injecting fuel into the cylinder of the internal combustion engine.

6. The control method of an internal combustion engine according to claim S5,
wherein the internal combustion engine is idled by injecting fuel into the cylinder of the
internal combustion engine until an opening and closing timing of an intake valve (22) or
an exhaust valve (24) is returned to an initial timing that corresponds to restarting of the
internal combustion engine, by a variable valve timing mechanism (110) provided in the

internal combustion engine.
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