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(57) ABSTRACT 
A control device, which is applied to an in-vehicle internal 
combustion engine equipped with an intake valve variable 
timing mechanism that varies the valve timing for an intake 
valve, and which intermittently operates the in-vehicle inter 
nal combustion engine by automatically stopping/restarting 
the engine, wherein the electronic control unit does not 
permit the engine operation to be automatically stopped 
when the intake valve variable timing mechanism malfunc 
tions at an operating position closer to the advanced angle 
than the operating position for the most retarded angle of the 
variable range for the valve timing of intake valve, and thus 
preventing increased engine vibration and misfires when the 
engine automatically restarts, which are caused by a mal 
function of the variable valve mechanism. 
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CONTROL DEVICE FOR IN-VEHICLE 
INTERNAL COMBUSTON ENGINE 

TECHNICAL FIELD 

The present invention relates to a controller that executes 
automatic stopping/restarting control for an engine opera 
tion when intermittently operating a vehicle internal com 
bustion engine. 

10 

BACKGROUND ART 

As known in the art, in a hybrid vehicle including two 
drive sources, an internal combustion engine and a motor, 
automatic stopping and automatic restarting of an engine 15 
operation are repeated when the vehicle is stopped or 
travelling. The automatic stopping and automatic restarting 
of the engine operation are repeatedly performed even in an 
internal combustion engine that performs a so-called 
economy running control that automatically stops the engine 20 
operation when stopping the vehicle Such as when stopping 
at a traffic light or the like. In a vehicle that intermittently 
operates the vehicle internal combustion engine, it is desired 
that the engine vibration when restarting the engine be 
suppressed to an extent that the driver does not notice the 25 
restarting of the engine operation. 
A variable valve actuation mechanism is applied to a 

vehicle internal combustion engine as a mechanism that 
varies the valve properties of engine valves (intake/exhaust 
valves). A variable valve timing mechanism for varying the 30 
valve timing of the engine valve, a variable actuation angle 
mechanism for varying the actuation angle of the engine 
valve, and the like are known variable valve actuation 
mechanisms. 

Conventionally, a device described in patent document 1 35 
is proposed as a controller for a vehicle internal combustion 
engine that includes a variable actuation angle mechanism 
and is mounted on a hybrid vehicle. In the vehicle internal 
combustion engine to which the controller described in the 
document is applied, to ensure the startability of the engine, 40 
the engine operation is restarted when the actuation angle of 
the engine valve is greater than the minimum actuation angle 
in the variable range. Thus, when the variable actuation 
angle mechanism becomes defective when the actuation 
angle of the engine valve is at the minimum actuation angle, 45 
a starting failure of the vehicle internal combustion engine 
may occur. Accordingly, the controller of the document 
prohibits automatic stopping of the engine operation so that 
a situation in which restarting cannot be performed is 
avoided if the variable actuation angle mechanism becomes 50 
defective when the actuation angle of the engine valve is at 
the minimum actuation angle. 

PRIOR ART DOCUMENT 
55 

Patent Document 
Patent Document 1: Japanese Laid-Open Patent Publica 

tion No. 2009-202662 

SUMMARY OF THE INVENTION 60 

Problems that the Invention is to Solve 
Engine vibration that occurs when restarting the engine 

may be suppressed by retarding a valve closing timing of the 
intake valve to a middle period of a compression stroke by 65 
a variable valve timing mechanism to perform decompres 
sion and lower the actual compression ratio. In Such a case, 

2 
the engine operation is restarted when the valve timing of the 
intake valve is at a most retarded angle. In such a case, when 
the variable valve timing mechanism becomes defective at 
an operation position that is at an advanced side of the 
operation position (most retarded angle position) where the 
valve timing of the intake valve is at the most retarded angle, 
the reduction in the actual compression ratio when restarting 
the engine would be insufficient and thereby increase engine 
vibration even if the engine can be restarted. 
The valve overlap of the intake/exhaust valves may 

increase and an interior EGR amount may increase depend 
ing on the advancement of the valve timing of the intake 
valve, the retardation of the valve timing of the exhaust 
valve, and the enlargement of the actuation angle of the 
intake/exhaust valves. Thus, when the variable valve timing 
mechanism or the variable actuation angle mechanism 
becomes defective when the valve overlap is large, the 
interior EGR amount becomes excessively large when 
restarting the engine operation. This may cause misfire and 
adversely affect emissions. 

In Such a manner, when the variable valve actuation 
mechanism becomes defective, depending on what is defec 
tive, the engine vibration when the engine is started becomes 
large even if the engine operation can be restarted. This may 
be discomforting to the driver, cause misfire, and adversely 
affect emissions. 
When the engine and a vehicle shaft (drive shaft) are 

directly coupled in a mechanical manner, engine vibration is 
easily transmitted to a vehicle body, and an increase in the 
engine vibration during automatic restarting of the engine 
operation may become particularly troublesome. 

Accordingly, it is an object of the present invention to 
provide a controller for a vehicle internal combustion engine 
capable of Suitably avoiding at least one of the engine 
vibration during restarting becoming large when the variable 
valve actuation mechanism is defective and thereby discom 
forting the driver and the occurrence of misfire thereby 
adversely affecting emissions. 
Means for Solving the Problems 
To achieve the above problem, in the present invention, a 

controller for a vehicle internal combustion engine includes 
an intake variable valve timing mechanism that varies a 
valve timing of an intake valve, and the controller performs 
automatic stopping/restarting of an engine operation to 
intermittently operate the vehicle internal combustion 
engine. The controller includes an automatic stop prohibit 
ing unit that prohibits automatic stopping of the engine 
operation when the intake variable valve timing mechanism 
is defective at an operation position located at an advanced 
side of a most retarded angle position where the valve timing 
of the intake valve is at a most retarded angle in its variable 
range. 

In the vehicle internal combustion engine that performs 
the restarting of the engine operation when the valve timing 
of the intake valve is at the most retarded angle in order to 
Suppress engine vibration when restarting the engine or 
suppress the occurrence of misfire, if the intake variable 
valve timing mechanism becomes defective at an operation 
position located at the advanced side of the most retarded 
angle position where the valve timing of the intake valve is 
at the most retarded angle in its variable range, the engine 
vibration caused by the restarting becomes large and dis 
comforts the driver. As the valve timing of the intake valve 
advances, the valve overlap with the exhaust valve 
increases. This increases the interior EGR, and may conse 
quently cause misfire and adversely affect emission. In this 
regard, in the present invention, the automatic stopping of 
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the engine operation is prohibited by the automatic stop 
prohibiting unit when the intake variable valve timing 
mechanism becomes defective at Such operation position. 
Accordingly, the present invention avoids, in a preferable 
manner, a defect in the variable valve actuation mechanism 
from causing at least one of an increase in the engine 
vibration during restarting thereby discomforting the driver 
and an occurrence of a misfire adversely affecting emission. 
An increase in engine vibration and the occurrence of a 

misfire during restarting caused by a defect in the variable 
valve actuation mechanism become particularly prominent 
in a vehicle internal combustion engine in which the valve 
closing timing of the intake valve is retarded to the middle 
period of the compression stroke, and the actual compres 
sion ratio of the vehicle internal combustion engine during 
restarting is lowered when the intake variable valve timing 
mechanism is located at the most retarded angle position. 
The present invention is thus particularly effective when 
applied to a vehicle internal combustion engine including 
with Such intake variable valve timing mechanism. 

Furthermore, even when the intake variable valve timing 
mechanism becomes defective, the engine can be automati 
cally restarted without any problem if the operation amount 
of the intake variable valve timing mechanism from the most 
retarded angle position to the operation position where the 
defect occurred is sufficiently small. Thus, even when the 
intake variable valve timing mechanism becomes defective, 
the frequency in which the automatic stopping of the engine 
operation is performed can be suppressed to minimum while 
Suppressing the engine vibration and the occurrence of 
misfire during automatic restarting of the engine by config 
uring the automatic stop prohibiting unit to permit the 
automatic stopping of the engine operation if the operation 
amount of the intake variable valve timing mechanism from 
the most retarded angle position to the operation position 
where the defect occurred is smaller than or equal to the 
specified determination value. 
The occurrence of misfire due to excessively large interior 

EGR during engine starting depends on the valve overlap 
amount of the intake/exhaust valves. Thus, even when the 
intake variable valve timing mechanism becomes defective 
at a position where the valve timing of the intake valve is 
advanced to a certain extent, the occurrence of misfire may 
be prevented if the valve timing of the exhaust valve is 
sufficiently advanced. The misfire may occur, however, even 
if the advanced angle amount of the valve timing of the 
intake valve at the time of defecting is small when the valve 
timing of the exhaust valve is at the retarded side. In the 
vehicle internal combustion engine that further includes an 
exhaust variable valve timing mechanism for varying the 
valve timing of the exhaust valve in addition to the intake 
variable valve timing mechanism, the automatic stop pro 
hibiting unit is desirably configured in the following manner. 
The automatic stop prohibiting unit is desirably configured 
to prohibit the automatic stopping of the engine operation 
when the intake variable valve timing mechanism becomes 
defective and the operation amount of the intake variable 
valve timing mechanism from the most retarded angle 
position to the operation position where the defect occurred 
is greater than a specified determination value, and to 
variably set the value of the determination value according 
to the present valve timing of the exhaust valve. This 
minimizes the frequency during which automatic stopping 
of the engine operation is Suppressed, while Suppressing the 
occurrence of misfire during automatic restarting of the 
engine. 
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4 
In addition to the intake variable valve timing mechanism, 

the vehicle internal combustion engine including the exhaust 
variable valve timing mechanism may reduce the interior 
EGR to suppress misfire during restarting by advancing the 
valve timing of the exhaust valve and reducing the valve 
overlap of the intake/exhaust valves. In this case, if the 
exhaust variable valve timing mechanism becomes defective 
at the operation position at the retarded side of the most 
advanced angle position where the valve timing of the 
exhaust valve is at the most advanced angle in its variable 
range, the interior EGR may not be sufficiently reduced. This 
may cause misfire and adversely affect the emission. In the 
vehicle internal combustion engine further including the 
exhaust variable valve timing mechanism in addition to the 
intake side valve timing mechanism, the automatic stop 
prohibiting unit may be configured to prohibit the automatic 
stopping of the engine operation when the exhaust variable 
valve timing mechanism becomes defective at Such an 
operation position. 
To achieve the above object, a further aspect of the present 

invention is a controller for a vehicle internal combustion 
engine including an exhaust variable valve timing mecha 
nism that varies a valve timing of an exhaust valve. The 
controller performs automatic stopping/restarting of an 
engine operation to intermittently operate the vehicle inter 
nal combustion engine. The controller includes an automatic 
stop prohibiting unit that prohibits automatic stopping of the 
engine operation when the exhaust variable valve timing 
mechanism is defective at an operation position located at a 
retarded side of a most advanced angle position where the 
valve timing of the exhaust valve is at a most advanced angle 
in its variable range. 

In the vehicle internal combustion engine including the 
exhaust variable valve timing mechanism, the internal EGR 
amount is reduced to Suppress misfire during restarting by 
advancing the valve timing of the exhaust valve and reduc 
ing the valve overlap of the intake/exhaust valves. In Such a 
case, when the exhaust variable valve timing mechanism 
becomes defective at an operation position at the retarded 
side of the most advanced angle position where the valve 
timing of the exhaust valve is at the most advanced angle in 
its variable range, the internal EGR amount is not suffi 
ciently reduced. This causes a misfire and adversely affects 
the emission. In this regard, in the present invention, the 
automatic stop prohibiting unit prohibits the automatic stop 
ping of the engine operation when the exhaust variable valve 
timing mechanism becomes defective at Such an operation 
position. Accordingly, the present invention avoids, in a 
preferable manner, a defect in the variable valve actuation 
mechanism from causing a misfire that adversely affects 
emission. 

Furthermore, even when the exhaust variable valve timing 
mechanism becomes defective, the engine can be automati 
cally restarted without any problem if the operation amount 
of the exhaust variable valve timing mechanism from the 
most advanced angle position, at where the valve timing of 
the exhaust valve is at the most advanced angle of the 
variable range thereof, to the operation position where the 
defect occurred is sufficiently small. Thus, even when the 
exhaust variable valve timing mechanism becomes defec 
tive, the frequency in which the automatic stopping of the 
engine operation is performed can be suppressed to mini 
mum while Suppressing the occurrence of misfire during 
automatic restarting of the engine by configuring the auto 
matic stop prohibiting unit to permit the automatic stopping 
of the engine operation if the operation amount of the 
exhaust variable valve timing mechanism from the most 
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retarded angle position to the operation position where the 
defect occurred is Smaller than or equal to the specified 
determination value. 

To achieve the above object, a further aspect of the present 
invention is a controller for a vehicle internal combustion 
engine including a variable actuation angle mechanism that 
varies an actuation angle of an engine valve, wherein the 
controller performs automatic stopping/restarting of an 
engine operation to intermittently operate the vehicle inter 
nal combustion engine. The controller includes an automatic 
stop prohibiting unit that performs automatic restarting of 
the engine operation if the actuation angle of the engine 
valve is a minimum actuation angle in a variable range when 
the variable actuation angle mechanism is functioning nor 
mally, and prohibits automatic stopping of the engine opera 
tion when the variable actuation angle mechanism becomes 
defective at an operation position at where the actuation 
angle of the engine valve is greater than the minimum 
actuation angle. 

In the vehicle internal combustion engine including Such 
variable actuation angle mechanism, the internal EGR is 
reduced to Suppress misfire during restarting by reducing the 
actuation angle and reducing the valve overlap of the 
intake/exhaust valves. In Such a case, when the variable 
actuation angle mechanism becomes defective at the opera 
tion position where the actuation angle of the engine valve 
is greater than the minimum actuation angle of its variable 
range, the interior EGR is not sufficiently reduced. This 
causes a misfire adversely affects emission. In this regard, in 
the present invention, the automatic stop prohibiting unit 
prohibits the automatic stopping of the engine operation 
when the variable actuation angle mechanism becomes 
defective at Such an operation position. Accordingly, the 
present invention avoids, in a preferable manner, a defect in 
the variable valve actuation mechanism from causing a 
misfire that adversely affects emission. 

Furthermore, even when the variable actuation angle 
mechanism becomes defective, the engine can be automati 
cally restarted without any problem if the operation amount 
of the variable actuation angle mechanism from the opera 
tion position at where the actuation angle of the engine valve 
is at the minimum actuation angle of its variable range to the 
operation position where the defect occurred is sufficiently 
Small. Thus, even when the variable actuation angle mecha 
nism becomes defective, the frequency in which the auto 
matic stopping of the engine operation is performed can be 
Suppressed to minimum while Suppressing the occurrence of 
misfire during automatic restarting of the engine by config 
uring the automatic stop prohibiting unit to permit automatic 
stopping of the engine operation if the operation amount of 
the variable actuation angle mechanism from the operation 
position where the actuation angle of the engine valve is at 
the minimum actuation angle of its variable range to the 
operation position where the defect occurred is smaller than 
or equal to the specified determination value. 

In a hybrid vehicle including two drive sources, the 
vehicle internal combustion engine and the motor, the stop 
ping and restarting of the engine operation are repeatedly 
performed when the vehicle is stopped or travelling, and it 
is desirable that engine vibration caused by the restarting of 
the engine operation be Suppressed to an extent that the 
engine vibration does not discomfort the driver. Since the 
restarting of the engine operation is often performed, the 
occurrence of misfire during restarting adversely affecting 
emission is particularly prominent in a hybrid vehicle. Thus, 
the present invention that avoids the engine vibration from 
increasing and discomforting the driver or the occurrence of 
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6 
a misfire adversely affecting emission during restarting due 
to a defect of the variable valve actuation mechanism is 
particularly preferable for application to the hybrid vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing the entire structure of 
a first embodiment of the present invention. 

FIG. 2 is a graph showing the transition of a valve lift 
curve for an intake valve and an exhaust valve in the present 
embodiment. 

FIG. 3 is a flowchart of an intermittent operation execu 
tion determination routine in the present embodiment. 

FIG. 4 is a flowchart of an intermittent operation execu 
tion determination routine in a second embodiment of the 
present invention. 

FIG. 5 is a flowchart of an intermittent operation execu 
tion determination routine in a third embodiment of the 
present invention. 

FIG. 6 is a graph showing the transition mode of a valve 
lift curve for an intake valve in a fourth embodiment of the 
present invention. 

FIG. 7 is a flowchart of an intermittent operation execu 
tion determination routine in a fourth embodiment. 

EMBODIMENTS OF THE INVENTION 

First Embodiment 
A first embodiment of a controller for a vehicle internal 

combustion engine of the present invention will now be 
described in detail with reference to FIGS. 1 to 3. As shown 
in FIG. 1, the present embodiment is applied to a hybrid 
vehicle that includes two drive sources, a vehicle internal 
combustion engine 15 and a motor 13. The vehicle internal 
combustion engine 15 is directly coupled to a vehicle shaft 
(drive shaft) 14 is a mechanical manner. The vehicle internal 
combustion engine to which the controller of the present 
embodiment is applied includes two mechanisms as a vari 
able valve actuation mechanism, an intake variable valve 
timing mechanism 2 for varying the valve timing of an 
intake valve 11, and an exhaust variable valve timing 
mechanism 3 for varying the valve timing of an exhaust 
valve 12. 
As shown in FIG. 1, the controller of the vehicle internal 

combustion engine 15 of the present embodiment is config 
ured mainly by an electronic control unit 1 installed in the 
vehicle. The electronic control unit 1 includes a central 
processing unit (CPU), which performs various calculations 
related to vehicle control, and a read-only memory (ROM), 
which stores control programs and data. The electronic 
control unit 1 also includes a random access memory 
(RAM), which temporarily stores calculation results of the 
CPU, detection results of the sensor, and the like, and an 
input/output port (I/O), which functions as an interface that 
mediates input/output of signals with the exterior. 

Drive circuits for various actuators arranged in the vehicle 
are connected to an output port of the electronic control unit 
1. For example, the drive circuits for the intake variable 
valve timing mechanism 2, which varies the valve timing of 
the intake valve 11, the exhaust variable valve timing 
mechanism 3, which varies the valve timing of the exhaust 
valve 12, an injector 4, which injects and Supplies fuel, an 
ignition plug 5, which ignites the fuel Supplied to a cylinder 
of an internal combustion engine, and the like is connected 
to the output port of the electronic control unit 1. 

Various types of sensors arranged in each unit of the 
vehicle are connected to an input port of the electronic 
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control unit 1. For example, a vehicle speed sensor 6, which 
detects the vehicle speed, an NE sensor 7, which detects the 
engine rotation speed, an acceleration operation amount 
sensor 8, which detects the acceleration operation amount 
(e.g., depressing amount of acceleration pedal), an intake 
VT sensor 9, which detects the valve timing of the intake 
valve 11, an exhaust VT sensor 10, which detects the valve 
timing of the exhaust valve 12, and the like are connected to 
the input port of the electronic control unit 1. 

In the present embodiment configured as described above, 
the electronic control unit I drives the intake variable valve 
timing mechanism 2 and the exhaust variable valve timing 
mechanism 3 in accordance with the engine operation situ 
ation to perform variable control on the intake valve 11 and 
the exhaust valve 12. FIG. 2 shows the transition of a valve 
lift curve of the intake valve 11 and the exhaust valve 12 in 
accordance with the varying of the valve timing. 

In FIG. 2, the valve lift curve of the intake valve 11 and 
the exhaust valve 12 during engine starting is shown by a 
solid line. As shown in the drawing, the intake variable valve 
timing mechanism 2 during engine starting is located at an 
operation position where the valve timing of the intake valve 
11 is at the most retarded angle in its variable range, that is, 
the most retarded angle position. This retards the valve 
closing timing of the intake valve 11 to a middle period in 
the compression stroke. In the vehicle internal combustion 
engine 15, the engine vibration during engine starting is 
Suppressed by performing decompression and lowering the 
actual compression ratio by retarding the valve closing 
timing of the intake valve 11. The exhaust variable valve 
timing mechanism 3 during engine starting is located at an 
operation position where the valve timing of the exhaust 
valve 12 is at the most advanced angle in its variable range, 
that is, the most advanced angle position. In the vehicle 
internal combustion engine 15, the interior EGR is reduced 
and the occurrence of misfire during engine starting is 
Suppressed by setting the valve overlap of the intake/exhaust 
valves to zero. 

Furthermore, in the electronic control unit 1, the drive 
force distribution of the vehicle internal combustion engine 
15 and the motor 13 is changed in accordance with the 
travelling situation of the vehicle. For example, motor 
travelling is performed when starting the vehicle and the 
like, and engine travelling is performed during stable driving 
of the vehicle and the like. Thus, in such a vehicle, inter 
mittent operation of the engine operation, that is, automatic 
stopping and automatic restarting of the vehicle internal 
combustion engine 15 are repeatedly performed when the 
vehicle is stopped or travelling. 

If the operation position of the intake variable valve 
timing mechanism 2 during engine starting cannot be shifted 
to the most retarded angle position due to a defect in the 
intake variable valve timing mechanism 2. Such as fixation, 
Sufficient decompression cannot be performed and the 
engine vibration during engine starting becomes large. Fur 
thermore, if the operation position of the exhaust variable 
valve timing mechanism 3 during engine starting cannot be 
shifted to the most advanced angle position due to a defect 
in the exhaust variable valve timing mechanism 3. Such as 
fixation, the interior EGR increases and the misfire may 
occur during engine starting. A defect of the variable valve 
timing mechanism may include fixation of a movable mem 
ber inside a mechanism and biting of a sleeve of an oil 
control valve for controlling the drive hydraulic pressure of 
the variable mechanism. 

In the present embodiment, if the intake variable valve 
timing mechanism 2 becomes defective at an operation 
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position at the advanced side of the most retarded angle 
position at where the valve timing of the intake valve 11 is 
at the most retarded angle in its variable range, the automatic 
stopping of the engine operation is prohibited and the 
intermittent operation of the vehicle internal combustion 
engine 15 is prohibited. In the present embodiment, even 
when the exhaust variable valve timing mechanism 3 
becomes defective at an operation position at a retarded side 
of the most advanced angle position where the valve timing 
of the exhaust valve 12 is at the most advanced angle in its 
variable range, the automatic stopping of the engine opera 
tion is prohibited and the intermittent operation of the 
vehicle internal combustion engine 15 is prohibited. 
When the intake variable valve timing mechanism 2 

becomes defective at the most retarded angle position or 
when the exhaust variable valve timing mechanism 3 
becomes defective at the most advanced angle position, the 
restart can be performed without any problem. Thus, in such 
cases, the automatic stopping of the engine operation is not 
prohibited even when the variable valve timing mechanism 
is defective. 

FIG. 3 shows a flowchart of an intermittent operation 
execution determination routine applied to the present 
embodiment. The processing of the present routine is repeat 
edly executed in cycles by the electronic control unit 1 when 
the vehicle is travelling. 
When the present routine is started, in step S100, the 

electronic control unit 1 first checks whether or not there is 
an advancement defect in the intake variable valve timing 
mechanism 2 (intake VT) or a retardation defect in the 
exhaust variable valve timing mechanism 3 (exhaust VT). 
The advancement defect refers to a defect in the intake 
variable valve timing mechanism 2 at an operation position 
located at the advanced side of the most retarded angle 
position. The retardation defect refers to a defect in the 
exhaust variable valve timing mechanism 3 at an operation 
position located at the retarded side of the most advanced 
angle position. 

If there are no defects (S100: NO), in step S101, the 
electronic control unit 1 permits automatic stopping of the 
vehicle internal combustion engine 15, that is, intermittent 
operation of the vehicle internal combustion engine 15, and 
then terminates the processing of the present routine. If one 
there is a defect in one of the mechanisms (S100: YES), the 
electronic control unit 1 prohibits the automatic stopping of 
the vehicle internal combustion engine 15, that is, the 
intermittent operation of the vehicle internal combustion 
engine 15 in step S102, and then terminates the processing 
of the present routine. 

In the present embodiment, the electronic control unit 1 
corresponds to an automatic stop unit in the present inven 
tion. 
The controller of the vehicle internal combustion engine 

15 of the present embodiment described above has the 
advantages described below. 

(1) The controller of the vehicle internal combustion 
engine 15 of the present embodiment is applied to the 
vehicle internal combustion engine 15 including the intake 
variable valve timing mechanism 2 for varying the valve 
timing of the intake valve 11, and performs automatic 
stopping/restarting of the engine operation to intermittently 
operate the vehicle internal combustion engine 15. In the 
present embodiment, the electronic control unit 1 prohibits 
the automatic stopping of the engine operation when the 
intake variable valve timing mechanism 2 becomes defec 
tive at an operation position at the advanced side of the most 
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retarded angle position where the valve timing of the intake 
valve 11 is at the most retarded angle in its variable range. 

In the vehicle internal combustion engine 15 that restarts 
the engine operation when the valve timing of the intake 
valve 11 is at the most retarded angle to suppress the engine 
vibration during restarting, if the intake variable valve 
timing mechanism 2 becomes defective at the operation 
position at the advanced side of the most retarded angle 
position, engine vibration caused by the restarting becomes 
large and may discomfort the driver. As the valve timing of 
the intake valve 11 advances, the valve overlap with the 
exhaust valve 12 becomes large. This increases internal 
EGR and may consequently cause misfire and adversely 
affect emission. In this regard, in the present embodiment, 
the electronic control unit 1 prohibits the automatic stopping 
of the engine operation when the intake variable valve 
timing mechanism 2 becomes defective at Such operation 
position. Therefore, when the intake variable valve timing 
mechanism 2, which is a variable valve actuation mecha 
nism, is defective, the controller of the vehicle internal 
combustion engine 15 of the present embodiment avoids at 
least one of an increase in the engine vibration during 
restarting thereby discomforting the driver and the occur 
rence of a misfire adversely affecting the emission. 

(2) The controller of the vehicle internal combustion 
engine 15 of the present embodiment is applied to the 
vehicle internal combustion engine 15, which includes the 
exhaust variable valve timing mechanism 3 for varying the 
valve timing of the exhaust valve 12 and which performs 
automatic stopping/restarting of the engine operation to 
intermittently operate the vehicle internal combustion 
engine 15. In the present embodiment, the electronic control 
unit 1 prohibits the automatic stopping of the engine opera 
tion when the exhaust variable valve timing mechanism 3 
becomes defective at an operation position at the retarded 
side of the most advanced angle position where the valve 
timing of the exhaust valve 12 is at the most advanced angle 
in its variable range. 

In the vehicle internal combustion engine 15 including the 
exhaust variable valve timing mechanism 3 for varying the 
valve timing of the exhaust valve 12, the internal EGR 
amount is reduced and misfire is Suppressed during restart 
ing by advancing the valve timing of the exhaust valve 12 
and reducing the valve overlap of the intake/exhaust valves. 
In Such a case, when the exhaust variable valve timing 
mechanism 3 becomes defective at the operation position 
located at the retarded side of the most advanced angle 
position, the internal EGR amount is not sufficiently 
reduced. This causes misfire and adversely affects the emis 
Sion. In this regard, in the present embodiment, the elec 
tronic control unit 1 prohibits the automatic stopping of the 
engine operation when the exhaust variable valve timing 
mechanism 3 becomes defective at Such an operation posi 
tion. Accordingly, when the exhaust variable valve timing 
mechanism 3, which is the variable valve actuation mecha 
nism in the present embodiment, becomes defective, a 
misfire does not occur and the emission is not adversely 
affected. 

Second Embodiment 
In the first embodiment, the automatic stopping of the 

vehicle internal combustion engine 15 is prohibited when 
the intake variable valve timing mechanism 2 becomes 
defective at an operation position other than the most 
retarded angle position. In the first embodiment, the auto 
matic stopping of the vehicle internal combustion engine 15 
is also prohibited when the exhaust variable valve timing 
mechanism 3 becomes defective at the operation position 
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10 
other than the most advanced angle position. However, 
depending on the operation position where the defect 
occurred, the automatic restarting of the engine may be 
performed while Suppressing engine vibration and misfire to 
an extent they do not cause problems. 

In the present embodiment, even when the intake variable 
valve timing mechanism 2 becomes defective, the automatic 
stopping of the engine operation is permitted if the operation 
amount of the intake variable valve timing mechanism 2 
from the most retarded angle position to the operation 
position where the defect occurred is Smaller than or equal 
to a specified determination value C. Furthermore, in the 
present embodiment, even when the exhaust variable valve 
timing mechanism 3 becomes defective, the automatic stop 
ping of the engine operation is also permitted if the operation 
amount of the exhaust variable valve timing mechanism 3 
from the most advanced angle position to the operation 
position where the defect occurred is Smaller than or equal 
to a specified determination value B. 
The operation amount of the intake variable valve timing 

mechanism 2 from the most retarded angle position to the 
operation position where a defect occurred is obtained by the 
advanced amount of the valve timing of the intake valve 11 
during the defect. The advanced amount refers to the varied 
amount of the valve timing using the valve timing of the 
intake valve 11 at the most retarded angle position in the 
variable range as a reference. The operation amount of the 
exhaust variable valve timing mechanism 3 from the most 
advanced angle position to the operation position where a 
defect occurred is obtained by the retarded amount of the 
valve timing of the exhaust valve 12 during the defect. The 
retarded amount refers to the varied amount of the valve 
timing using the valve timing of the intake valve 11 at the 
most advanced angle position in the variable range as a 
reference. 

FIG. 4 shows a flowchart of an intermittent operation 
execution determination routine applied in the present 
embodiment. The processing of this routine is repeatedly 
executed in cycles by the electronic control unit 1 when the 
vehicle is travelling. 
When the present routine is started, the electronic control 

unit 1 first determines whether or not a defect occurred in the 
intake variable valve timing mechanism 2 (intake VVT) and 
the valve timing advanced amount (intake VT advanced 
amount) of the intake valve 11 is greater than the determi 
nation value C. in step S200. In step S201, the electronic 
control unit 1 also determines whether or not a defect 
occurred in the exhaust variable valve timing mechanism 3 
(exhaust VVT) and the valve timing retarded amount (ex 
haust VT retarded amount) of the exhaust valve 12 is greater 
than the determination value B. 
When a negative determination is given in both steps 

S200 and S201 (S200: NO and S201: NO), in step S202, the 
electronic control unit 1 permits the automatic stopping of 
the vehicle internal combustion engine 15, that is, the 
intermittent operation of the vehicle internal combustion 
engine 15 and then terminates the processing of the present 
routine. When a positive determination is made in either one 
of steps S200 and S201 (S200: YES or S201: YES), in step 
S203, the electronic control unit 1 prohibits the automatic 
stopping of the vehicle internal combustion engine 15, that 
is, the intermittent operation of the vehicle internal combus 
tion engine 15 and then terminates the processing of the 
present routine. 
The present embodiment described above has the follow 

ing advantage in addition to advantages (1) and (2). 
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(3) In the present embodiment, even when the intake 
variable valve timing mechanism 2 becomes defective, the 
automatic stopping of the engine operation is permitted if 
the operation amount of the intake variable valve timing 
mechanism 2 from the most retarded angle position, at 
where the valve timing of the intake valve 11 is at the most 
retarded angle in its variable range, to the operation position 
where the defect occurred is smaller than or equal to the 
specified determination value C. In the present embodiment, 
even when the exhaust variable valve timing mechanism 3 
becomes defective, the automatic stopping of the engine 
operation is also permitted if the operation amount of the 
exhaust variable valve timing mechanism 3 from the most 
advanced angle position, at where the valve timing of the 
exhaust valve 12 is at the most advanced angle in its variable 
range, to the operation position where the defect occurred is 
Smaller than or equal to the specified determination value B. 
Thus, the frequency in which the automatic stopping of the 
engine operation is performed is suppressed to minimum 
while Suppressing the engine vibration and the occurrence of 
misfire during automatic restarting of the engine. 

Third Embodiment 
As described above, the occurrence of misfire caused by 

excessive internal EGR during engine starting depends on 
the valve overlap amount of the intake/exhaust valves. Thus, 
even when the intake variable valve timing mechanism 2 
becomes defective at a position where the valve timing of 
the intake valve 11 is advanced to a certain extent, the 
occurrence of misfire can be suppressed if the valve timing 
of the exhaust valve 12 is sufficiently advanced. Further 
more, even when the advanced amount of the valve timing 
of the intake valve 11 is small, a misfire may occur if the 
valve timing of the exhaust valve 12 is at the retarded side. 

In the present embodiment, the determination value C. 
used to determine whether or not to prohibit the automatic 
stopping of the engine operation is variably set in accor 
dance with the valve timing of the exhaust valve 12 at a 
given time. Specifically, a smaller value is set to the deter 
mination value C. as the retarded amount of the valve timing 
of the exhaust valve 12 becomes greater. 

FIG. 5 shows a flowchart of the intermittent operation 
execution determination routine applied in the present 
embodiment. The processing of the present routine is repeat 
edly executed in cycles by the electronic control unit 1 when 
the vehicle is travelling. 

After the present routine is started, the electronic control 
unit 1 first checks whether or not a defect occurred in the 
intake variable valve timing mechanism 2 (intake VT) in 
step S300. If a defect has not occurred (S300: NO), in step 
S301, the electronic control unit 1 permits the automatic 
stopping of the vehicle internal combustion engine 15, that 
is, the intermittent operation of the vehicle internal combus 
tion engine 15 and terminates the processing of the present 
routine. 

If a defect has occurred, in step S302, the electronic 
control unit 1 calculates a determination value Y from the 
present valve timing retarded amount (exhaust VT retarded 
amount) of the exhaust valve 12. The determination value y 
is decreased as the exhaust VT retarded amount increases. 

Then, in step S303, the electronic control unit 1 deter 
mines whether or not the valve timing advanced amount 
(intake VT advanced amount) of the intake valve 11 in 
which the defect occurred is greater than the determination 
value Y. If the intake VT advanced amount is smaller than or 
equal to the determination value Y (S303) NO), in step S301, 
the electronic control unit 1 permits the automatic stopping 
of the vehicle internal combustion engine 15, that is, the 
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intermittent operation of the vehicle internal combustion 
engine 15 and terminates the processing of the present 
routine. If the intake VT advanced amount is greater than the 
determination value Y (S303: YES), the electronic control 
unit 1 prohibits the automatic stopping of the vehicle inter 
nal combustion engine 15, that is, the intermittent operation 
of the vehicle internal combustion engine 15 in step S304, 
and terminates the processing of the present routine. 
The present embodiment described above has the follow 

ing advantage in addition to advantage (1). 
(4) In the present embodiment, the automatic stopping of 

the engine operation is prohibited when a defect occurs in 
the intake variable valve timing mechanism 2 and the 
operation amount of the intake variable valve timing mecha 
nism 2 from the most retarded angle position to the operation 
position where the defect occurred is greater than the speci 
fied determination value y. In the present embodiment, the 
value of the determination value Y is variably set in accor 
dance with the present valve timing of the exhaust valve 12. 
Thus, the frequency in which the automatic stopping of the 
engine operation is performed is suppressed to minimum 
while Suppressing the occurrence of misfire at the time of 
automatic restarting of the engine. 

Fourth Embodiment 
FIG. 6 shows an example of a known variable valve 

actuation mechanism applied to the vehicle internal com 
bustion engine 15 in the form of a variable actuation angle 
mechanism that varies the actuation angle of the engine 
valve. FIG. 6 shows the transition of the actuation angle of 
the intake valve 11 when the actuation angle of the intake 
valve 11 is varied. 

In the vehicle internal combustion engine 15 that includes 
Such a variable actuation angle mechanism, the valve over 
lap amount of the intake/exhaust valves is reduced to 
Suppress the internal EGR and Suppress the occurrence of 
the misfire by performing automatic restarting of the engine 
operation when the actuation angle of the engine valve is the 
minimum actuation angle in its variable range. In Such a 
case, if the variable actuation angle mechanism becomes 
defective at the operation position where the actuation angle 
of the engine valve is greater than the minimum actuation 
angle, the actuation angle of the engine valve at the time of 
the automatic restarting of the engine becomes greater than 
in a normal situation and the internal EGR becomes exces 
sive. Hence, a misfire may occur. 

In the present embodiment, the automatic stopping of the 
engine operation is prohibited when the variable actuation 
angle mechanism becomes defective at the operation posi 
tion where the actuation angle of the engine valve is greater 
than the minimum actuation angle. In the present embodi 
ment, even when the variable actuation angle mechanism 
becomes defective, the automatic stopping of the engine 
operation is permitted if the operation amount of the variable 
actuation angle mechanism from the operation position at 
where the actuation angle of the engine valve is the mini 
mum actuation angle in the variable range to the operation 
position where the defect occurred is Smaller than or equal 
to a specified determination value. 

FIG. 7 shows a flowchart of an intermittent operation 
execution determination routine applied in the present 
embodiment. The processing of the present routine is repeat 
edly executed in cycles by the electronic control unit 1 when 
the vehicle is travelling. 

After the present routine is started, the electronic control 
unit 1 first determines whether or not a defect occurred in the 
variable actuation angle mechanism and whether or not the 
present actuation angle is greater than a specified determi 
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nation value e in step S400. If a negative determination is 
given (S400: NO), in step S401, the electronic control unit 
1 permits the automatic stopping of the vehicle internal 
combustion engine 15, that is, the intermittent operation of 
the vehicle internal combustion engine 15, and then termi 
nates the processing of the present routine. If a defect 
occurred in the variable actuation angle mechanism and the 
actuation angle at the given time is greater than the specified 
determination value e (S400: YES), in step S402, the elec 
tronic control unit 1 prohibits the automatic stopping of the 
vehicle internal combustion engine 15, that is, the intermit 
tent operation of the vehicle internal combustion engine 15 
and terminates the processing of the present routine. 
The embodiment described above has the following 

effects. 
(5) The controller of the vehicle internal combustion 

engine 15 according to the present embodiment is applied to 
the vehicle internal combustion engine 15, which includes 
the variable actuation angle mechanism for varying the 
actuation angle of the engine valve and performs the auto 
matic stopping/restarting of the engine operation to inter 
mittently operate the vehicle internal combustion engine 15. 
In the present embodiment, the electronic control unit 1 
performs the automatic restarting of the engine operation 
with the actuation angle of the engine valve at the minimum 
actuation angle in its variable range when the variable 
actuation angle mechanism is functioning normally. Further, 
the electronic control unit 1 prohibits the automatic stopping 
of the engine operation when the variable actuation angle 
mechanism becomes defective at the operation position 
where the actuation angle of the engine valve is greater than 
the minimum actuation angle. 

In the vehicle internal combustion engine 15 including the 
variable actuation angle mechanism, the internal EGR is 
reduced to Suppress misfire during restarting by reducing the 
actuation angle and reducing the valve overlap of the 
intake/exhaust valves. In Such a case, when the variable 
actuation angle mechanism becomes defective at the opera 
tion position where the actuation angle of the engine valve 
is greater than the minimum actuation angle, the interior 
EGR is not sufficiently reduced. This causes misfire and 
adversely affects emission. In this regard, in the present 
embodiment, the electronic control unit 1 prohibits the 
automatic stopping of the engine operation when the vari 
able actuation angle mechanism becomes defective at Such 
an operation position. Therefore, according to the present 
embodiment, a defect of the variable actuation angle mecha 
nism, which is the variable valve actuation mechanism, does 
not result in a misfire that adversely affects the emission. 

(6) In the present embodiment, even when the variable 
actuation angle mechanism becomes defective, the auto 
matic stopping of the engine operation is permitted if the 
operation amount of the variable actuation angle mechanism 
from the operation position at where the actuation angle of 
the engine valve is the minimum actuation angle in the 
variable range to the operation position where the defect 
occurred is Smaller than or equal to the specified determi 
nation value. Thus, the frequency in which the automatic 
stopping of the engine operation is performed is Suppressed 
to minimum while Suppressing the engine vibration and the 
occurrence of misfire during the automatic restarting of the 
engine. 
The above embodiments may be modified as described 

below. 
In the fourth embodiment, the automatic stopping of the 

engine operation is permitted even when the variable actua 
tion angle mechanism becomes defective if the operation 
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amount of the variable actuation angle mechanism from the 
operation position at where the actuation angle of the engine 
valve is the minimum actuation angle in the variable range 
to the operation position where the defect occurred is 
smaller than or equal to the specified determination value. If 
the occurrence of a misfire during automatic restarting of the 
engine resulting from a defect in the variable actuation angle 
mechanism is to be suppressed in an ensured manner, 
automatic stopping of the engine operation is prohibited if 
the variable actuation angle mechanism becomes defective 
at an operation position other than the operation position at 
where the actuation angle of the engine valve is the mini 
mum actuation angle in the variable range. 

In the third embodiment, the determination value e is 
obtained in accordance with the valve timing retarded 
amount of the exhaust valve 12, and the automatic stopping 
of the engine operation is prohibited if the valve timing 
advanced amount of the intake valve 11 is greater than the 
determination value e. However, a similar determination can 
be made based on the valve overlap amount of the intake/ 
exhaust valves. In other words, by determining whether or 
not to prohibit the automatic stopping of the engine opera 
tion from whether or not the present valve overlap amount 
is greater than the specified determination value when the 
defect in the intake variable valve timing mechanism 2 
occurred, the frequency in which the automatic stopping of 
the engine operation is Suppressed to minimum while Sup 
pressing the occurrence of misfire during automatic restart 
ing of the engine. 

In the first and second embodiments, the variable valve 
timing mechanism is arranged at both the intake side and the 
exhaust side, and the automatic stopping of the engine 
operation is prohibited in accordance with the content of the 
defect of either one of the mechanisms. However, the 
present invention may also be applied to a vehicle internal 
combustion engine in which the variable valve timing 
mechanism is arranged only at the intake side or the exhaust 
side. 

In the embodiments described above, the present inven 
tion is applied to a vehicle internal combustion engine 
directly connected to the vehicle shaft in a mechanical 
manner. However, the present invention may be applied to 
a vehicle internal combustion engine having a different 
Structure. 

In the above embodiments, the controller of the present 
invention is applied to the vehicle internal combustion 
engine mounted on the hybrid vehicle including two drive 
Sources, the vehicle internal combustion engine and the 
motor. However, the present invention may be applied in the 
same manner to vehicles other than the hybrid vehicle using 
internal combustion engines. For example, automatic stop 
ping and automatic restarting of the engine operation are 
repeatedly performed even in an internal combustion engine 
that performs a so-called economy running control for 
automatically stopping the engine operation when stopping 
at a traffic light or the like. In such vehicle internal com 
bustion engine, engine vibration that cannot be ignored may 
occur or a misfire may occur during automatic restarting of 
the engine depending on the content of defect of the variable 
valve actuation mechanism. Therefore, when the controller 
of the present invention is applied to Such a vehicle internal 
combustion engine, engine vibration during restarting does 
not become large and does not discomfort the driver when 
the variable valve actuation mechanism is defective. Further, 
a misfire that adversely affects emission does not occur. 

DESCRIPTION OF REFERENCE CHARACTERS 

1 electronic control unit (automatic stop prohibiting unit) 
2 intake variable valve timing mechanism 
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3 exhaust variable valve timing mechanism 
4 injector 
5 ignition plug 
6 vehicle speed sensor 
7 NE Sensor 
8 acceleration sensor 
9 intake VT sensor 
10 exhaust VT sensor 
11 intake valve 
12 exhaust valve 
13 motor 
14 vehicle shaft 
15 vehicle internal combustion engine 
The invention claimed is: 
1. An electronic control unit for a vehicle internal com 

bustion engine including an intake variable valve timing 
mechanism that varies a valve timing of an intake valve, the 
electronic control unit performing automatic stopping/re 
starting of an engine operation to intermittently operate the 
vehicle internal combustion engine, the electronic control 
unit being configured to control the engine to: 

restart the engine operation at an operation position of the 
intake variable valve timing mechanism that is a most 
retarded angle position where the valve timing of the 
intake Valve is at a most retarded angle in its variable 
range; 

prohibit automatic stopping of the engine operation when 
the intake variable valve timing mechanism is defective 
at an operation position located at an advanced side of 
the most retarded angle position; and 

permit the automatic stopping of the engine operation 
even when the intake variable valve timing mechanism 
becomes defective, as long as an operation amount of 
the intake variable valve timing mechanism from the 
most retarded angle position to an operation position 
where the defect occurred is smaller than or equal to a 
specified determination value. 

2. The electronic control unit for the vehicle internal 
combustion engine according to claim 1, wherein: 

the vehicle internal combustion engine further includes an 
exhaust variable valve timing mechanism that varies a 
valve timing of an exhaust valve; and 

the electronic control unit is further configured to vary the 
determination value in accordance with the present 
valve timing of the exhaust valve. 

3. The electronic control unit for the vehicle internal 
combustion engine according to claim 1, wherein the intake 
Variable valve timing mechanism retards a valve closing 
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timing of the intake valve to a middle period of a compres 
Sion stroke when located at the most retarded angle. 

4. The electronic control unit for the vehicle internal 
combustion engine according to claim 1, wherein the vehicle 
internal combustion engine is mounted on a hybrid vehicle 
including two drive sources, namely, the vehicle internal 
combustion engine and a motor. 

5. The electronic control unit for the vehicle internal 
combustion engine according to claim 1, wherein the elec 
tronic control unit is further configured to: 

determine whether the operation amount of the intake 
Variable valve timing mechanism from the most 
retarded angle position to the operation position where 
the defect occurred is smaller than or equal to the 
specified determination value; and 

prohibit the automatic stopping of the engine operation 
when determining that the operation amount of the 
intake variable valve timing mechanism from the most 
retarded angle position to the operation position where 
the defect occurred is greater than the specified deter 
mination value. 

6. An electronic control unit for a vehicle internal com 
bustion engine including an intake variable valve timing 
mechanism that varies a valve timing of an intake valve, the 
electronic control unit performing automatic stopping/re 
starting of an engine operation to intermittently operate the 
Vehicle internal combustion engine, the electronic control 
unit being configured to control the engine to: 

restart the engine operation at an operation position of the 
intake variable valve timing mechanism that is a most 
retarded angle position where the valve timing of the 
intake valve is at a most retarded angle in its variable 
range; 

determine whether the intake variable valve timing 
mechanism is defective at an operation position located 
at an advanced side of a determination position that is 
advanced from the most retarded angle position by a 
determination amount; 

prohibit automatic stopping of the engine operation when 
determining that the intake variable valve timing 
mechanism is defective at the operation position 
located at the advanced side of the determination 
position; and 

permit the automatic stopping of the engine operation 
when determining that the intake variable valve timing 
mechanism is defective at an operation position within 
a range from the most retarded angle position to the 
determination position. 


