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(57) Abstract: A vehicle includes an engine, a
motor, a battery that stores an electric power
for driving the motor, and a control apparatus.
The control apparatus is configured to control
the engine and the motor in one of control
modes, the control mode includes a charge sus-
taining (CS) mode and a charge depleting (CD)
mode. During the CS mode, a first determina-
tion is made to determine that the engine mal-
function has occurred when a number of times
of abnormal combustion occurring during a
current trip is equal to or larger than a
threshold. During the CD mode, instead of or

DETERMINATION ON ENGINE MALFUNCTION

mode mode=CS —=

mode=CD —>

DETERMINATION ON ENGINE
MALFUNCTION MADE THROUGH USE

OF CURRENT TRIP NUMBER OF TIMES
OF COMBUSTION ABNORMALITY Nnow

DETERMINATION ON ENGINE
MALFUNCTION MADE THROUGH USE OF
CUMULATIVE NUMBER OF TIMES OF
COMBUSTION ABNORMALITY Nsum

in addition to the first determination, a second
determination is made to determine that the en-
gine malfunction has occurred when a cumulat-
ive number of times of abnormal combustion is
equal to or larger than the threshold.
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VEHICLE, CONTROL APPARATUS FOR VEHICLE, AND CONTROL METHOD FOR
VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a vehicle, and more particularly, to an art of
determining whether or not there is a malfunction in an engine that is mounted on the
vehicle. |
2. Description of Related Art

[0002] In Japanese Patent Application Publication No. 2012-36767
(JP-2012-36767 A), there is disclosed an art of performing idle-up control in determining,
on the basi‘s of a combustion state of an engine during a period in which the engine rotates
a predetermined reference number of times, whether or not there is a malfunction‘ in the
engine to thereby make a time required for the determination on the malfunction shorter
than during normal idling,

[0003] In recent years, vehicles (so-called plug-in hybrid vehicles) that run by at
least one of a motive power of a motor and a motive power of an engine and allow a
battery, which stores an electric power to be supplied to the motor. to be charged with an
electric power from a vehicular external power supply have beén put into practical use.

[0004] In each of the plug-in hybrid vehicles, a mode (a CD mode) in which the
engine is not allowed to be driven to hold a state of charge (an SOC) of the battery within a
predetermined range is selected until the SOC of the battery falls to a lower limit. Thus,
the tfrequency with which the engine opérates is relatively low until the SOC of the battery
talls to the lower limit.  On the other hand, a mode (a CS mode) in which the engine is
allowed to be driven to hold the SOC ot the battery within the predetermined range is
selected after the SOC of the battery has fallen to the lower limit. Thus, the frequency
with which the engine operates is relatively high after the SOC of the battery has fallen to
the lower limit. |

[0005] - In such a plug-in hybrid vehicle, for example, in the case where the
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vehicle runs a short distance from an almost fully charged state of the battery, the CD mode
may be selected in an almost entire period during one trip (a period from activation of a
vehicle éystem to subsequent stop thereof). In this case, the frequency with which the
engine operates is low. Thus, the number of times of rotation of the engine during one
trip may not reach a reference number of times, so that a malfunction in the engine may be
detected with delay. In this case. when idle-up is carried as described in Japanese Patent
Application Publication No. 2012-36767 (JP-2012-36767 A), a deterioration in fuel

economy or emission properties may be temporarily caused.

SUMMARY OF THE INVENTION
[0006] The invention provides an art of making a determination on a malfunction
in an engine in an early stage.
[0007)  In a first aspect of the invention, a vehicle includes an engine, a motor, a
battery storing an electric power for driving the motor, and a control apparatus. The
control apparatus is configured to control the engine and the motor in one of control modes, -

the control modes includes a charge sustaining mode in which the engine is allowed to be

* driven to hold a state of charge of the battery within a predetermined range, and a charge

depleting mode in which the engine is not allowed to be driven to hold the state of charge
of the battery within the predetermined range. The control apparatus is configured to
execute a first determination to determine that the engine malfunction has occurred when a
number of times of abnormal combustion occurring during a current trip is equal to or
larger than a threshold, during the charge sustaining mode. The control apparatus is
configured to execute a second determination to determine that the engine malfunction has
occurred when a cumulative number of times of abnormal combustion is equal to or larger
than the threshold, the second determination being executed instead of or in addition to the
first determination during the charge depleting mode, the cumulative humber of times of
abnormal combustion is obtained by adding a number of times of abnormal combustion
occurring during é past trip to the n‘umber of times of abnormal combustion occurring

during the current trip.
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'[0008] In the vehicle, the control apparatus rhay reset the cumulative number of
times of abnormal combustion when a cumulafi_ve number of times of rotation of the
engine since the past trip reaches a predetermined number of times of rotation.

[0009]  In the vehicle, the control apparatus may determine whether or not there is
a abnormal combustion every time the engine rotates a reference number of times, and may
increase the number of times of abnormal combustion occurring during the current trip
every time it is determined that there is a abnormal combustion. |

[0010] The vehicle may be a plug-in hybrid vehicle in which the battery can be
charged with an electric power of an external power supply.

{0011} In a second aspect of the invention, a control apparatus for a vehicle is
equipped with an engine, a motor, and a battery. The control apparatus includes an

electronic control unit.  The electronic control unit is configured to control the engine and

- the motor in one of control modes, the control modes includes a charge sustaining mode in

which the engine is allowed to be driven on a basis of a state of charge of the battery, and a
charge depleting mode in which the engine is not allowed to be driven on a basis of the
state of charge of the battery. The electronic control unit is configured to execute a first
determination to determine that the engine malfunction has occurred when a number of
times of abnormal combustion occurring during a current trip is equal to or larger than a
threshold, during the charge sustaining mode. The electronic control unit is configured to
execute a second determination to determine that the engine malfunction has occurred
when a cumulative number of times of abnormal combustion is equal to or larger than the
threshold, the second determination being executed instead of or in addition to the first
determination during the charge depleting mode, the cumulative number of times of
abnormal combustion is obtained by adding a number of times of abnormal combustion
occurring during a past trip to the number of times of abnormal combustion occurring
during the current trip.

[0012] Ina third aspect of the invention, a control method for a vehicle that is

equipped with an engine, a motor, and a battery includes controlling the engine and the

motor in one of control modes, the control modes includes a charge sustaining mode in
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which the engine is allowed to be driven on a basis of a state of charge of the battery, and a
charge depleting mode in which the engine is not allowed to be driven on a basis of the
state of charge of the battery, making a first determination to determine that the engine
malfunction has occurred when a number of times of abnormal combustion occurring
during a current trip is equal to or larger than a threshold, during the charge sustaining
mode, and making a second determination to determine that the engine malfunction has
occurred when a cumulative number of times of abnormal combustion is equal to or larger
than the threshold. the second determination being exeéuted instead of or in addition to the
first determination during the charge depleting mode, the cumulative number of times of
abnormal combustion is obtained by adding a number of times ot abnormal combustion
occurring during a past trip to the number of times of abnormal combustion occurring
during the current trip.

- [0013] According to the invention, a determination on an abnormality in the

engine can be made in an early stage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technical and industrial significance of an
exemplary embddimeﬁt of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic configuration diagram of a vehicle according to the embodiment
of the invention;

FIG. 2 is a view showing an engine and peripheral components thereof according to
the embodiment of the invention;

FIG. 3 is a functional block diagram of an ECU according to the embodiment of the
invention;

FIG. 4 is a (first) flowchart showing a processing procedure of the ECU according to
the embodiment of the invention:

FIG. 5 is a (second) flowchart showing a processing procedure of the ECU according

to the embodiment of the invention;
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'h

FIG. 6 is a view for illustrating a CD malfunction determination processing according
to the embodiment of the invention; and
FIG. 7 is a view for illustrating a processing of resetting a cumulative number of -

times of abnormal combustion Nsum according to the embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENT

[0015) The embodiment of the invention will be described hereinafter with
reference to the drawings. In the following description, like componenfS are denoted by
like reference symbols respectively. The components denoted by the same reference
symbol are identical in name and function as well.  Accordingly, detailed description of
those components will not be repeated.

[0016]  FIG. | is a schematic configuration diagram of a v;,hicle 10 according to
the embodiment of the inveniion. The vehicle 10 is a so-called plug-in hybrid vehicle.
That is, the vehicle 10 is a vehicle (a so-called hybrid vehicle) that runs by at least one of a
motive power of an engine 100 and a motive power of a second motor-generator
(hereinafter referred to as "a second MG") 300B, and is a vehicle (a so-called ﬁlug-in
vehicle) in which a battery 310 that stores an electric power to be supplied to the second
MG 300B can be charged with an electric power from an external power supply 19 such as
a commercial power supply or the like. The vehicle 10 is not Ilecessérily limited to a
plug-in vehicle, but may be a normal hybrid vehicle.

[0017] In addition to the aforementioned engine 100, the aforementioned second
MG 300B, and the aforementioned battery 310, the vehicle 10 includes a first
motor-generator (hereinafter referred to as "a first MG") 300A, a motive power split

mechanism 200. a speed reducer 14, an inverter 330, a step-up converter 320, an electronic

~ control unit (an ECU) 406 of the engine, an MG_ECU 402, an HV_ECU 404, and the like.

[0018) The motive power split mechanism 200 is constituted by a planetary gear
that includes a sun gear, a pinion gear, a carrier, and a ring gear. The motive power split
mechanism 200 splits (distributes) a motive power generated by the engine 100 to an

output shaft 212 and the first MG 300A.
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[0019] = The first MG 300A generates an electric power through the use of the
motive power of the engine 100 split by the motive power split mechanism 200. = The
electric power generated by the first MG 300A through the use of the motive power of the
engine 100 is used to charge the battery 310 or drive the second MG 300B.

[0020]  The second MG 300B generates a driving force through the use of at least

‘ohe of an electric power stored in the battery 310 and an electric power generated by the

first MG 300A. Then, the driving force of the second MG 300B is transmitted to driving
wheels 12 via the speed reducer 14. During braking of the vehicle or the like, the second
MG 300B is driven by the driving wheels 12 via the speed reducer 14, and the second MG
300B generates an electric power in a regenerative manner.

{0021} The inverter 330 performs current control while converting a direct current
of the battery 310 and an alternating current of the first MG 300A, or a direct current of the
battery 310 and an alternating current of the second MG 300B.

[0022] The step-up converter 320 carries out voltage conversion between the
battery 310 and the inverter 336. |

[0023] The engine ECU 406 controls the operation state of the engine 100. The
MG_ECU 402 controls the charge/discharge states and the like of the first MG 300A, the
second MG 300B, the inverter 330 and the Battery 310 in accordance with the state of the
vehicle 10. The HV_ECU 404 controls an entire system (hereinafter referred to simply as
"a vehicle system") that mutually manages and controls the engine ECU 406, the
MG_ECU 402, and the like to cause the vehicle 10 to run such that the vehicle 10 can
efficiently run.

[0024] Furthermore, the vehicle 10 includes a connector 13 and a charger 11.
The connector 13 is configured to be connectable to a connector 15 from the external
power supply 19. The charger 11 converts an electric power from the external power
supply 19 into a direct -current, and outputs the direct current to the battery 310. The
charger 11 controls the amount of electric power with which the battery 310 is charged, in
accordance with a control signal from the HV_ECU 404.

’[0.025] In FIG. 1, the respective ECU's are separately configured. However, an
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ECU may be configured by integrating two or more ECU's.  For example, as indicated by
a dotted line in FIG. 1, an ECU 400 may be configured by integrating the MG_ECU 402,
the HV_ECU 404, and the engine ECU 406. In the following description, the ECU 400
will be referred to as such without distinguishing among the MG_ECU 402, the HV_ECU
404, and the engine ECU 406.

[0026] The ECU 400 has a central processing unit (a CPU) (not shown) and a
memory (not shown) built-in, and is configured to perform a predetermined arithmetic
processing on the basis of a map and a program that are stored in the memory.

[0027] éignals from a vehicle speed sensor (not shown), an accelerator opening
degree sensor (not shown), a throttle opening degree sensor (not shown), and a monitoring
unit 340 that monitors a state (a voltage, a current, a temperature and the like) of the
battery 310 are input to the ECU 400.

[0028] FIG. 2 is a view showing the engine 100 and peripheral components
thereof.  Although one cylinder is shown in FIG. 2, a plurality of qylinders are provided in
the engine 100 in this embodiment of the invention. |

[0029] In this enginé 100, air that is sucked from an air cleaner (not shown) flows
through an intake pipe 110, and is introduced into a combustion chamber 102. In
accordance with an opération amount of a throttle valve 114 thét is controlled by a throttle
motor 112, the amount of air introduced into the combustion chamber 102 is adjusted.

{0030} An injector 104 injects fuel stored in a fuel tank (not shown) into the
combustion chamber 102. Fuel may be injected from the injector 104 into an intake
passage.

[0031] A mixture of the air introduced from the intake pipe ‘1 10 and fuel injected
trom the injector 104 is ignited through the use of an ignition coil 106, and combust.

[0032] Exhaust gas after the combustion of the mixture is purified by a catalyst
140 that is provided halfway in an exhaust pipe 120, and is emitted to the atmosphere.

[0‘033] Signals from an angle sensor 107, a coolant temperature sensor 108, a
vibration sensor 109, an airflow meter 116, an air temperature sensor 118, an air-fuel ratio

sensor 122, and an oxygen sensor 124 are input to the ECU 400. The angle sensor 107
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detects a rotétional angle (a crank angle) CA of a crankshaft of the engine 100. The
coolant temperature sensor 108 detects a temperature THw of engine coolant. The
vibration sensor 109 detects vibrations of a cylinder block of the engine 100. The airflow
meter 116 detects an amount Ga of air sucked into the engine 100 per unit time. The air
temperature sensor 118 detects a temperature THa of intake air.  The air-fuel ratio.sensor
122 detects an air-fuel ratio A/F in exhaust gas. The oxygen sensor 124 detects a
concentration of oxygen in exhaust gas. These respective sensors transmit signals
indicating detection results to the ECU 400.

[0034) The ECU 400 controls the ignition coil 106 (an ignition timing), the
throttle motor 112 (a throttle opening degree), and the injector 104 (a fuel injection
amount) on the basis of signals sent from the respective sensors and the like. |

[0035] FIG. 3 is a functional block diagram of that region of the ECU 400 which
concerns the selection of a control mode and a determination on a malfunction in the
engine. Respective functional blocks shown in FIG. 3 may be realized by either hardware
or software. |

[0036] The ECU 400 is equipped with a control mode selection unit 410 and an-

engine malfunction determination unit 420. First of all. the control mode selection unit

410 will be described. The control mode selection unit 410 selects one control mode
from a charée depleting mode (hereinafter referred to as "a CD mode") and a charge
su.staining mode (hereinafter referred to as "a CS mode"), and causes the vehicle 10 to run
in the selected control mode. The number of control modes should not be limited to two,
but may be three or more.

[0037] . The CD mode is a mode in which higher priority is given to the depletion
of the electric power with which the battery 310 is charged than to the sustainment thereof.
Thus, during the CD mode, the engine 100 is not allowed to be driven to hold a state of
charge (an SOC) of the battery 310 within a predetermined range. Accordingly, during
the CD mode, in principle, EV running (the engine 100 is stopped and the motive power of
the second MG 300B is used to run the vehicle) is carried out. However, at the time of

high load (e.g., when a torque required by a user exceeds a predetermined value), HV
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running (using both the motive power of the second MG and the motive power of the
engine 100) is carried out even during the CD mode.

[0038] On the other hand, the CS mode is a mode in which higher priority is
given to the sustainment of the electric power of the battery 310 than to the depletion
thereof. Thus, during the CS mode, in addition to the time of high load, the engine 100 is
allowed fo be driven to hold the SOC within a predetermined range (e.g., a range from
30% to 60%). That is, during the CS mode, HV running is carried out not only at the time
of high load but also when the first MG is required to generate an electric power through
the use of a motive power of the engine 100 to hold the SOC within the predetermined
range. Accordingly. the frequency with which the engine 100 operates is higher during
the CS mode than during the CD mode.

[0039]  The control mode selection unit 410 holds the control mode in the CD
mode until the SOC falls to a lower limit (e.g., 10%) during a current trip.  After the SOC
has fallen to the lower limit, the control mode selection unit 410 changes over the control
mode to the CS mode. and holds the CS mode until the current trip ends. Incidentally.,
"the trip" mentioned herein means a unit representing a running period of the vehicle, and
usually means a period from activation of the vehicle system to subsequent stop thereof.

[0040]  Next, the engine malfunction determination unit 420 will be described.
The engine malfunction determination unit 420 determines whether or not there is an
abnormality in which the number of times of misfire during a period in which the enginé
100 rotatesa predetermined reference number of times nl exceeds a predetermined value o
(hereinafter referred to as "an abnormal combustion") every time the engine 100 rotates the
reference number of times nl. ‘Then, the engine malfunction determination unit 420
counts the number of times of determination that there is an abnormal combustion
(hereiniafter referred to as "the number of times of abnormal combustion”), and determines
that the engine 100 malfunction is occurred when the number of times of abnormal
combustion is equal to or larger than a threshold number of times N1. This series of
processes will be referred to hereinafter also as "an malfunction determination processing".

As is apparent from the foregoing description, in order to appropriately determine whether
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or not there is a malfunction in the engine 100 in.the malfunction determination processing,
the engine 100 needs to be rotated at least n1xN1 times (e.g., 1000x4 = 4000 times when
nl = 1000 and N1 = 4) or more. This number of times n1xN1 will be referred to
hereinafter also as "the required determination number of times of rotation".

[0041] When it turns out as a result of the malfunction determination processing
that the engine 100 malfunction is occurred, the engine malfunction determination unit 420
lights up a malfunction indicator light (an MIL), and notifies a user thereof.

[0042] The engine malfunction determination unit 420 changes over the contents
of the malfunction determination processing in accordance with the control mode selected
by the control mode selection unit 410.

[0043] When the engine 100 is in the CS mode, the engine malfunction
determination unit 420 performs "a CS malfunction determination processing" to
determine, through the use of the number of times of abnormal combustion during a
current trip (hereinafter referred to also as "a current trip number of times of abnormal
combustion Nnow"), whether or not there is a malfunction in ‘the engine. More
specifically, when the current trip number of times of abnormal combustion Nnow is equal
to or larger than the threshold number of times NI, the engine malfunction determination
unit 420 determines that the engine 100 malfunction is occurred. Otherwise, the engine
malfunction determination unit 420 determines that the engine 100 is normal.

[0044] During the CS mode, the frequency with which the engine 100 operates is
higher than during the CD mode, and therefore, the engine 100 is likely to rotate the
determination required number of times of rotation (= n1xN1 times) or more during the
current trip. In this embodiment of the invention, during the CS mode, the malfunction
determination processing is performed through the use of the current trip number of times
of abnormal combustion Nnow. Thus, it can be appropriately detérm»ined in an early
stage whether or not there is an malfunction in the engine 100. \

[0045] On the other hand, when the engine 100 is in the CD mode, the engine
malfunction determination unit 420 performs "a CD malfunction determination

processing” to determine, through the use of a number of times obtained by adding a
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number of times of abnormal combustion during a past trip to the current trip number of
times of abnormal combustion Nnow (hereinafter referred to aléo as "a cumulative number

of times of abnormal combustion Nsum"), whether or not there is a malfunction in the

engine. More specifically, when the cumulative number of times of abnormal combustion
Nsum is equal to or larger than the threshold number of times N1, the engine malfunction

determination unit 420 determines that the engine 100 malfunction is occurred.

Otherwise, the engine malfunction determination unit 420 determines that the engine 100

is normal.

[0046] During the CD mode, the frequency with which the engine ‘1 00 operates is
lower than during the CS mode. For example, in the case where a trip of running a
relatively short distance fronﬂ an almost fully charged state of the battery 310 is repeated,
the CD mode may be selected in an almost entire period during each trip. In this case, the
number of times of rotation of the engine may not reach the determination required number
of times of rotation (= n1xN1 times) during each trip. Thus, when "the CS malfunction
determination processing” is performed to determine, through the use of the current trip -
number of times of abnormal combustion Nnow, whether or not there is a malfunction in
the engine during the CD mode, the current trip ends before the number of times of
rotation of the engine reaches the determination required number of times of rotation. As
a result, it may become impossible to make a determination on a malfunction in the engine
in an early stage.

[0047)  In this embodiment of the invention, during the CD mode, "the CD
malfunction determination processing" is performed to determine, through the use of the
cumulative number of times of abnormal combustion Nsum since the past trip instead of

the current trip number of times of abnormal combustion Nnow, whether or not there is a

malfunction in the engine.

[0048] When the cumulative number of times of abnormal combustion Nsum is
simply used, it is more likely to be determined that the engine 100 malfunction is occurred
and the determination accuracy is lower than in the case where the current trip number of

times of abnormal combustion Nnow is used. The engine malfunction determination unit
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420 according to this embodiment of the invention performs a processing of resetting the
cumulative number of times of abnormal combustion Nsum and the cumulative number of
times of rotation of the engine, when the cumulative number of times of rotation of the
engine from the past trip to the present reaches an upper-limit number of times of rotation.
This upber-limit number of times -of l‘otétion needs to be set at least larger than the
determination required number of times of rotation. For example, in the case where the
determination required number of times of rotation is 4000, the upper-limit number of
times of rotation can be set to 10000,

[{0049] FIG. 4 1s a flowchart showing an example of a processing procedure in the
case where the ECU 400 performs the aforementioned malfunction determination
processing. This flowchart s started after the engine 100 first rotates the reference
number of times nl (hereinafter referred to also as "after first-time nl rotation") after
activation of the vehicle system.

[0050]  Instep S10, the ECU 400 determines whether or not a rotation counter has
reached the reference number of times nl. The rotation counter is a parameter indicating
the number of times of rotation of the engine. and is increased by 1 every time the engine
rotates by 360°.

[0051] When the rotation counter reaches the reference number of times nl (YES
in step S10), the ECU 400 determines in step S11 whether or not a misfire counter has
exceeded the predetermined value o. The misfire counter is a parameter indicating the
number of times of determination that a misfire has occurred in at least one cylinder of ihe
engine 100. The misfire counter is increased by 1, for example, every time a rotation
vibration amount that is obtained from a crank angle CA detected by the angle sensor 107
exceeds a threshold amount.

[0052) When the misfire counter is smaller than the predetermined value o (NO

in step S11), the ECU 400 resets the rotation counter and the misfire counter to 0 in step

-S12, and then shifts the processing to step S20.

[0053] On the other hand, when the‘ misfire counter has exceeded the

predetermined value o, (YES in step S11), the ECU 400 resets the rotation counter and the
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misfire counter to 0 in step S13, and then shifts the processing to step S14.

[0054]  In step S14, the ECU 400 increases the current trip number of times of
abnormal combustion Nnow by 1. As described above, the current trip number of times
of abnormal combustion Nnow is the number of times of abnormal combustion during the
current trip (the number of times of determination that the number of times of misfire
during nl rotation has exceeded the predetermined vélue o). The inttial value of the
current trip number of times of abnormal combustion Nnow (the value at the time of the
start of the current trip) is "0" (see step S21 that will be described later).

[0055]  In step S15. the ECU 400 increases the cumulative number of times of
abnormal combustion Nsum by 1. As described above, the cumulative number of times
of abnormal combustion Nsur’n‘ is a total number of times that is obtained by adding the
number of times of abnormal combustion during the past trip to the current trip number of
times of abnormal combustion Nnow. The initial value of the cuﬁmlative number of
times of abnormal combustion Nsum (the value at the time of the start of the current trip) is
not 0. but is a value of the cumulative number of timeS of abnormal combustion Nsum at
the time point of the end of the last trip (see step S22 that will be described later).

[0056] A In step S16. the ECU 400 determines whether or hot the current control
mode is the CD mode.'

{0057} When the current control mode is the CS mode (NO in step S16), the ECU
400 determines in step S17 whether or not the current trip number of times of abnormal
combustion Nnow is equal to or larger than the threshold number of times N1. Then,
when the current trip number of times of abnomﬁal combustion Nnow is equal to or larger
than the threshold number of times N1 (YES in step S17), the ECU 400 determines in step
S19 that the engine malfunction is occurred, and lights up the MIL. These processes
constitute "the CS malfunction determination processing".

[0058] On the other hand, when the current control mode is the CD mode (YESin
step S16), the ECU 400 determines in step S18 whether or not the cumulative number of
times of abnormal combustion Nsum is equal to or larger than the threshold number of

times N1. Then, when the cumulative number of times of abnormal combustion Nsum is
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equal to or larger than the threshold number of times N1 (YES in step S18), the ECU 400
determines in step S19 that the engine malfuncfion is occurred, and lights up the MIL.
These processes constitute "the CD malfunction determination processing”.

[0059] In step S10, the ECU 400 shifts the processing to step S20 in any case to
determine whether or not the current trip ends: in the cases where when it is determined
that the rotation counter has not reached the reference number of times nl (NO in step S10),
or after the rotation counter and the misfire counter have been reset in step S12 (after the
process of step S12), or when it is determined in step S17 that the current trip number of
times of abnormal combustion Nnow has not exceeded the threshold number of times N1
(NO in step S17), or when it is determined in step S18 that the cumulative number of times
of abnormal combustion Nsum has not exceeded the threshold number of times N1 (NO in
step S18).

[0060] When the current trip continues instead of ending (NO in step S20). the
ECU 400 returns the processing to step S10, and repeats the processes starting from step
S10.

[0061] On the other hand, when the current trip ends (YES in step S20), the ECU
400 shifts the processing to step S21 and step S22.

[0062]  In step S21, the ECU 400 resets the current trip number of times of
abnormal combustion Nnow to 0. The value reset in this processing is used as an initial
value of the current trip number of times of abnormal corﬁbustion in a subsequent trip.

[0063] In step S22, the ECU 400 retains the cumulative number of times of
abnormal combustion Nsum at the moment in the memory. The value retained in this
process is used as an initial value of the cumulative number of times of abnormal
combustion Nsum in a subsequent trip.

[0064] FIG. 5 is a flowchart showing a procedure of performing a processing of
resetting the cumulative number of times of abnormal combustion Nsum. This flowchart
is repeatedly executed on a predetermined cycle during the operation of the vehicle system.

[0065] In step S30, the ECU 400 determines whether or not the nl rotation

counter is equal to or larger than an upper-limit number of times N2. The nl rotation
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counter is a parameter that is increased by 1 every time the engine 100 performs nl
rotation. [t should be noted herein that the upper-limit number of times N2 is set to a
value (e.g., 10 times) that is larger than the threshold number of times N1 (e.g.. 4 times).

[0066] When the nl rotation counter is equal to or larger than the upper-limit
number of times N2 (YES in step S30), namely, when the cumulative number of times of
engine rotation is equal to or larger than n1xN2, the ECU 400 resets the cumulative
number of times of abnormal combustion Nsum to 0 in step S31. In step S32, the ECU
400 resets the nl rotation counter to 0.

[0067] When the nl rotation counter is smaller than the upper-limit number of
times N2 (NO in step S30), the ECU 400 determines in step S33 whether or not the current
trip ends.

[0068] When the current trip does not end (NO in step S33), the ECU 400 returns
the processing to step S30, and repeats the processes starting from step S30.

{0069] When the current trip ends (YES in step S33). the ECU 400 retains the nl
rotation counter at the moment in the memory in step S34. The value retained in this
process is used in a subsequent trip as well.

[0070] " FIG. 6 is a view for illustrating the CD malfunction determination
processing. FIG. 6 shows a case where the reference number of times nl = 1000 and the
threshold number of times N1 =4, FIG. 6 shows a case Whefe the CD mode is selected in
an entire period of each of first to third trips.

[0071)  In the first trip that is started at a time t10, the CD malfunction
determination processing is started at a time t11 after the first-time nl rotation. When the
rotation counter then reaches 1000 times of rotation at a time t12, the nl rotation counter is
increased from an initial value "0" to "1", and the cumulative number of times of abnormal
combustion Nsum is increased from the initial value "0" to "1" because ;he misfire counter
has exceeded the predetermined value o. Then at a time tl13, the value "1" of the
cumulative number of times of abnormal combustion Nsum and the value "1" of the nl
rotation counter at a time point of the end of the first trip are retained in the memory.

(0072]  In the second trip that is started at a time t20 as well, the CD malfunction
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determination procéssing is started at a time (21 after the first-time nl rotation. When the
rotation counter then reaches 1000 times of rotation at a time t22, the nl rotation counter is
increased from the value "1" retained in the memory to "2", and the cumulative number of
times of abnormal combustion Nsum is increased from the value "1" retained in the
memory to "2" because the misfire counter has exceeded the predetermined value o.
When the rotation counter then reaches 1000 times of rotation again at a time t23, the nl

LiRe B 1

rotation counter is increased from "2" to "3", and the cumulative number of times of

fnan
D

abnormal combustion Nsum is increased trom "2" to because the misfire counter has
exceeded the predetermined value oo.  Then at a time t24, the value "3" of the cumulative
number of times of abnormal combustion Nsum and the value "3" of the nl rotation
counter at a time point of the end of the second trip are retained in the memory.

[0073] In the third trip that is started at a time t30 as well, the CD malfunction
determination processing is started at a time t31 after the first-time ﬁl rotation. When the
rotation counter then reaches 1000 times of rotation at a time t32, the nl rotation counter is
increased from the value "3" retained in the memory to "4". and the cumulative number of
times of abnormal combustion Nsum is increased from the value "3" retained in the
memory to "4" because the misﬁré counter has exceeded the predetermined value a. At
this time t32, the cumulative number of times of abnormal combustion Nsum has reached
"4" (= the threshold number of times N1). Theretore, it is determined that the engine
malfunction is occurred, and the MIL is lit up.

[0074] In this manner, during each of the first to third frips, the CD mode in
which the frequency with which the engine 100 operates is low is selected. Therefore, in
each of the trips alone, the number of times of rotation of the engine is smaller than the
determination required number of times of rotation (n1xNl = 1000x4 = 4000 times).
Thus, during any of the trips, the current trip number of times of abnormal combustion
Nnow does not exceed 4 times (= the threshold number of times N1).  On the other hand,
in this embodiment of the invention, during the CD mode, the malfunction determination

processing is performed through the use ot the cumulative number of times of abnormal

combustion Nsum since the past trip instead of the current trip number of times of
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abnormal combustion Nnow. Thus, during the CD mode in which the frequency with
which the engine 100 operates is low as well, it can be appropriately determined in an early
stage whether or not there is a malfunction in the engine 100.

[0075] FIG. 7 is a view for illustrating the processing of resetting the cumulative
number of times of abnormal combustion Nsum. FIG. 7 shows a case where the reference
number of times nl = IOOO, the threshold number of times N1 = 4, and the upper-limit
number of times N2 = 10. FIG. 7 shows a case where the CD mode is selected in an
entire period during each of the first to sixth trips.

[0076] In the first trip that is started at the time t10, the CD malfunction
determination processing is started at the time t11 after the first-time nl rotation. When
the rotation counter then reaches 1000 times of rotation at the time t12, the nl rotation

counter is increased from the initial value "0" to "1", but the cumulative number of times of

-abnormal combustion Nsum is held equal to the initial value "0" because the misfire

counter is smaller than the predetermined value . Then at the time t13, the value "0" of
the cumulative number of times of abnormal combustion Nsuﬁ and the value "1" of the nl
rotation counter at the time point of the end of the first trip are retained in the memory.
[0077] In the second trip that is started at the time t20, the CD malfunction
determination processing is started at the time t21 after the initial nl rotation. When the
rotation counter then reaches 1000 times of rotation at the time 122, the nl rotation counter
is increased from the value "2" retained in the memory to "3", and the cumulative number
of times of abnormal combustion Nsum is increased from the value "0" retained in the
memory to "1" because the misfire counter has exceeded the predetermined value a.
When the rotation counter then reaches 1000 times of rotation again at the time t23, the nl

rotation counter is increased from "2" to "3", but the cumulative number of times of
abnormal combustion Nsum is held equal to "1" because the misfire counter is smaller than
the predetermined value o.. Then at the time t24, the value "1" of the cumulative number
of times of abnormal combustion Nsum and the value "3" of the n1 rotation counter at the

time point of the end of the second trip are retained in the memory.

[0078]  This processing is repeated, and a case where the nl rotation counter is "9"
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and the cumulative number of times of abnormal combustion Nsum remains equal to "1" at
the time of the second trip at the time point of the end of a fifth trip is assumed.

.[0079] When the sixth trip. is started at a time t60, the CD malfunction
determination processing is started at a time t61 after the initial nl rotation. When the
rotation counter then reaches 1000 times of _rotation at a time t62, the nl rotation counter is
increased from the value "9" retained in the memory to "10", and the cumulative number of
times of abnormal combustion Nsum is held equal to "1" because the misfire counter is
smaller than the predetermined value o. At this time t62, the nl rotation counte‘r has
reached "10" (= the upper-limit number of times N2). Therefore, the cumulative number
of times of abnormal combustion Nsum and the nl rotation counter are reset to 0.

[0080]  In this manner, even in the case where the nl rotation counter reaches "10"
(= the upper-limit number of times N2) (i.e., even in the case where the cumulative number
of times of rotation of the engine reaches n1xN2 = 1000x10 = 10000 times) in each of the
first to sixth trips, when the cumulative number of times of abnormal combustion Nsum is
smaller than "4" (= the threshold number of times N1), it is determined that the engine 100
is normal, and the cumulative number of times of abnormal combustion Nsum is reset.
Thus,’ the cumulative number of times of abnormal 'Cyombustion Nsum can be suppressed
from being retained for an unduly long period, and an erroneous determination that the
engine malfunction can be suppressed from becoming likely.

[0081) As described above, according to this embodiment of the invention, during
the CS mode in which the frequency with which the engine operates is relatively high, the :
CS malfunction determination processing is performed through the uSe of the current trip
number of times of abnormal combustion Nnow, whereby a determination on a
malfunction in the engine can be appropriately made in an early stage. On the other hand,
during the CD mode in which the frequency with which the engine operates is relatively
low, the CD malfunctionldetermination processing is perfomled through the use of the
cumulative number of times of abnormal combustion Nsum, whereby a determination on a
malfunction in the engine can be made in an early stage to suppress the detection of a

malfunétion in the engine from being delayed.
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[0082] In this embodiment of the invention, the case where the CD malfunction
determination processing is performed instead of the CS abnormality determination
processing during the CD mode has been described. However, the invention is not

limited to this configuration, but may be configured to perform the CD malfunction

_ determination processing in addition to the CS malfunction determination processing

during the CD mode.
| [0083] In this embodiment of the invention, the case where the CS malfunction
determination prdcessing 1s- performed during the CS mode and the CD malfunction
determination processing is performed during the CD mode has been described. However,
the inveﬁtion is not limited to this configuration, but may be configured to perform the CD
malfunction determination processing regardless of the control mode.
[0084] The embodiment of the invention disclosed herein should be considered to
be exemplary in all respects and not restrictive. The scope of the invention is defined not
by the foregoing description but by the claims. The invention is intended to encompass

all alterations that are equivalent in significance and scope to the claims.
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CLAIMS

1. A vehicle comprising:

an engine;

a rﬁotor;

a battery storing an electric power for driving the motor; and

a control apparatus configured to control the engine and the motor in one of control
modes, the ’control modes including a charge sustaining mode in which the engine is
allowed to be driven to hold a state of charge of the battery within a predetermihed range,
and a charge depleting mode in which the éngine is not allowed to be driven to hold the
state of charge o‘f the battery within the predetermined range,

the control apparatus being configured to execute a first determination to determine
that the engine malfunction has occurred when a number of times of abnormal combustion
occurring during a current trip is equal to or larger than a threshold, during the charge
sustaining mode, and

the control apparatus being configured to execute a. second determination to
determine that the engine malfunction has occurred when a cumulative number of times of
abnormal combustion is equal to or larger than the threshold, the second determination
being executed instead of or in addition to the first determination during the charge
depleting mbde, the cumulative number of times of abnormal combustion being obtained
by adding a number of times of abnomﬂal combustion occurring during a past trip to the
number of times of abnormal combustion occurring during the current frip.

'2' The vehicle according to claim 1, wherein

the control apparatus resets the cumulative number of times of abnormal f:ombustion
when a cumulative number of times of rotation of the engine since the past trip reaches a

predetermined number of times of rotation.

3. The vehicle according to claim 1 or 2, wherein
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the control apparatus determines whether or not there is a abnormal combustion every
time the engine rotates a reference number of times, and increases the number of times of
abnormal combustion occurring during the current trip every time it is determined that the

abnormal combustion has occurred.

4. The vehicle according to claim 1 that is configured as a plug-in hybrid vehicle that

allows the battery to be charged with an electric power of an external power supply.

5. A control apparatus for a vehicle that is equipped with an engine, a motor, and a
battery, the apparatus comprising:

an electronic control unit configured to control the engine and the motor in one of
control modes, the éontrol modes including a charge sustaining mode in which the engine
is allowed to be driven on a basis of a state of charge of the battery, and a charge depleting
mode in which the engine is not allowed to be driven on é basis of the state of charge of the
battery.

_ the electronic control unit being configured to execute a first determination to
determine that the engine malfunction has occurred when a number of times of abnormal
combustion occurring during a current trip is equal to or larger than a threshold, during the
charge sustaining mode, and

the electronic control unit being configured to execute a second determination to
determine that the engine malfunction has occurred when a cumulative number of times of
abnormal combustion is equal to or larger than the threshold, the second determination
being executed instead of or in addition to the first determination during the charge
depleting mode, the cumulative number of times of abnormal combustion being obtained
by adding a number of times of abnormal combustion occurring during a past trip to the

number of times of abnormal combustion occurring during the current trip.

6. The control apparatus according to claim 5, wherein

the electronic control unit resets the cumulative number of times of abnormal
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combustion when a cumulative number of times of rotation of the engine since the past trip

reaches a predetermined number of times of rotation.

7. The control apparatus according to claim 5 or 6, wherein

the electronic control unit determines whether or not there is a abnormal combustion
every time the engine rotates a reference number of times, and increases the number of
times of abnormal combustion occurring during the current trip every time it is determined

that the abnormal combustion has occurred.

8. A control method for a vehicle that is equipped with an engine, a motor, and a
battery, the methéd comprising:

controlling the engine and the motor in one of control modes, the control modes
including a charge sustaining mode in which the engine is allowed to be driven on a basis
of a state of charge of the battery, and a charge depleting mode in which the engine is not
allowed to be driven on a basis of the state of charge of the battery;

making a first determination to determine that the engine malfunction has occurred
when a number of times of abnormal combustion occurring during a current trip is equal to
or larger than a threshold, during the charge sustaining mode; and

making a second determination to determine that the engine malfunction has occurred
when a cumulative number of times of abnormal combustion is equal to or larger than th¢‘
threshold, the second determination being executed instead of or in addition to the first
determination during the charge depleting mode, the cumulative number of times of
abnormal combustion being obtained by adding a number of times of abnormal combustion

occurring during a past trip.
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