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(54) VEHICLE AND VEHICLE CONTROL METHOD

(57) A vehicle includes an engine, a first MG (motor
generator), a second MG, a planetary-gear-type motive
power split device coupling them together, and an ECU
(200) including an imbalance determination unit (210)
and a pressing control unit (220). The imbalance deter-
mination unit (210) temporarily determines whether or
not an imbalance abnormality has occurred based on an
air-fuel ratio A/F, and when it is temporarily determined
that the imbalance abnormality is present, controls the
engine such that the engine is in an idle state and formally

determines whether or not the imbalance abnormality
has occurred based on fluctuations in engine rotation
speed Ne. During a stop at idle, the pressing control unit
(220) determines whether or not the formal determination
process of the imbalance determination is ongoing and
carries out pressing control to cause the first MG to gen-
erate pressing torque Tp when the formal determination
process is not ongoing and does not carry out the press-
ing control so as not to cause the first MG to generate
pressing torque Tp when the formal determination proc-
ess is ongoing.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a vehicle and
a control method for a vehicle.

BACKGROUND ART

[0002] Japanese Patent Laying-Open No.
2009-292362 (PTL 1) discloses a technology by which,
in a vehicle including an engine and a motor coupled to
an output shaft of the engine via a planetary gear mech-
anism, upon determination of whether or not a misfire at
each cylinder of the engine is present based on rotational
fluctuations of the engine, a threshold value used for the
misfire determination is changed depending on whether
or not torque for the prevention of an abnormal sound
generated at the planetary gear mechanism is being out-
put from the motor.

CITATION LIST

PATENT LITERATURE

[0003]

PTL 1: Japanese Patent Laying-Open No.
2009-292362
PTL 2: Japanese Patent Laying-Open No.
2009-24531
PTL 3: Japanese Patent Laying-Open No.
2002-180863

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] There may, however, arise a case where a suf-
ficient accuracy of misfire determination cannot be en-
sured by, as in PTL 1, merely changing a threshold value
used for the misfire determination depending on whether
or not torque for the prevention of an abnormal noise
generated at a planetary gear mechanism is being out-
put. Accordingly, further improvements in determination
accuracy are desired.
[0005] The present invention has been invented to
solve the problem as described above, and an object of
the present invention is, in a vehicle including an internal
combustion engine and a motor coupled to the internal
combustion engine via a gear mechanism, to achieve the
suppression of an abnormal sound generated at the gear
mechanism and an improved determination accuracy of
a determination process based on rotational fluctuations
of the internal combustion engine, with a good balance
therebetween.

SOLUTION TO PROBLEM

[0006] A vehicle according to the present invention in-
cludes: an internal combustion engine; a motor coupled
to the internal combustion engine via a gear mechanism;
and a control device carrying out a determination process
determining whether or not the internal combustion en-
gine has an abnormality based on rotational fluctuations
of the internal combustion engine and a particular control
causing the motor to generate suppressing torque for
suppressing vibrations of the gear mechanism while the
internal combustion engine is operating. The control de-
vice carries out the determination process and the par-
ticular control in a manner to avoid at least one of simul-
taneously carrying out the determination process and the
particular control and notifying a user of a result of the
determination process carried out during the particular
control.
[0007] Preferably, the control device does not carry out
the particular control when the determination process is
ongoing.
[0008] Preferably, the internal combustion engine has
a plurality of cylinders. The determination process is a
process determining whether or not an imbalance abnor-
mality where an imbalance arises between respective
combustion states of the plurality of cylinders is present
based on the rotational fluctuations. The particular con-
trol is control causing the motor to generate the suppress-
ing torque acting in a direction hindering the internal com-
bustion engine from operating.
[0009] Preferably, the control device includes: a deter-
mination unit carrying out the determination process; and
a control unit carrying out the particular control. The de-
termination unit temporarily determines whether or not
the imbalance abnormality is present based on an air-
fuel ratio in exhaust of the internal combustion engine
and, when it is temporarily determined that the imbalance
abnormality is present, controls the internal combustion
engine such that the internal combustion engine is in an
idle state and carries out the determination process
based on the rotational fluctuations at the time of the
internal combustion engine being in an idle state. When
the internal combustion engine is in an idle state, the
control unit carries out the particular control when the
determination process is not ongoing and does not carry
out the particular control when the determination process
is ongoing.
[0010] Preferably, the control device does not notify a
user of a result of the determination process when the
determination process and the particular control are both
ongoing.
[0011] Preferably, the internal combustion engine has
a plurality of cylinders. The determination process is a
process determining whether or not an imbalance abnor-
mality where an imbalance occurs between respective
combustion states of the plurality of cylinders is present
based on the rotational fluctuations. The particular con-
trol is control causing the motor to generate the suppress-
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ing torque acting in a direction hindering the internal com-
bustion engine from operating.
[0012] Preferably, the control device includes: a deter-
mination unit carrying out the determination process; and
a control unit carrying out the particular control. The con-
trol unit carries out the particular control when the internal
combustion engine is in an idle state. The determination
unit temporarily determines whether or not the imbalance
abnormality is present based on an air-fuel ratio in ex-
haust of the internal combustion engine and, when it is
temporarily determined that the imbalance abnormality
is present, controls the internal combustion engine such
that the internal combustion engine is in an idle state and
carries out the determination process based on the rota-
tional fluctuations at the time of the internal combustion
engine being in an idle state. The determination unit no-
tifies a user of a result of the determination process when
the particular control was not being carried out while the
determination process was being carried out, and does
not notify a user of a result of the determination process
when the particular control was being carried out while
the determination process was being carried out.
[0013] Preferably, the control device does not carry out
the determination process when the particular control is
ongoing.
[0014] Preferably, the internal combustion engine has
a plurality of cylinders. The determination process is a
process determining whether or not an imbalance abnor-
mality where an imbalance occurs between respective
combustion states of the plurality of cylinders is present
based on the rotational fluctuations. The particular con-
trol is control causing the motor to generate the suppress-
ing torque acting in a direction hindering the internal com-
bustion engine from operating.
[0015] Preferably, the control device includes: a deter-
mination unit carrying out the determination process; and
a control unit carrying out the particular control. The con-
trol unit carries out the particular control when the internal
combustion engine is in an idle state. The determination
unit temporarily determines whether or not the imbalance
abnormality is present based on an air-fuel ratio in ex-
haust of the internal combustion engine and, when it is
temporarily determined that the imbalance abnormality
is present, controls the internal combustion engine such
that the internal combustion engine is in an idle state and
carries out the determination process based on the rota-
tional fluctuations at the time of the internal combustion
engine being in an idle state when the particular control
is not ongoing and does not carry out the determination
process when the particular control is ongoing.
[0016] A vehicle control method according to another
aspect of the present invention is a control method per-
formed by a control device of a vehicle including an in-
ternal combustion engine and a motor coupled to the
internal combustion engine via a gear mechanism. The
control method including the steps of: carrying out a de-
termination process determining whether or not the in-
ternal combustion engine has an abnormality based on

rotational fluctuations of the internal combustion engine;
and carrying out particular control causing the motor to
generate suppressing torque for suppressing  vibrations
of the gear mechanism while the internal combustion en-
gine is operating. At least any one of the steps of carrying
out the determination process and carrying out the par-
ticular control includes the step of avoiding at least one
of simultaneously carrying out the determination process
and the particular control and notifying a user of a result
of the determination process carried out during the par-
ticular control.

ADVANTAGEOUS EFFECTS OF INVENTION

[0017] According to the present invention, in a vehicle
including an internal combustion engine and a motor cou-
pled to the internal combustion engine via a gear mech-
anism, the suppression of an abnormal sound generated
at the gear mechanism and an improved determination
accuracy of a determination process based on rotational
fluctuations of the internal combustion engine can be
achieved with a good balance therebetween.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is an overall block diagram of a vehicle.
Fig. 2 is a diagram showing details of an engine.
Fig. 3 shows a nomographic chart on start-up of the
engine.
Fig. 4 shows a nomographic chart during a stop at
idle.
Fig. 5 shows a nomographic chart during traveling
at idle.
Fig. 6 shows a nomographic chart during a load op-
eration.
Fig. 7 is a functional block diagram of an ECU (No. 1).
Fig. 8 is a flowchart showing process steps of the
ECU (No. 1).
Fig. 9 is a flowchart showing process steps of the
ECU (No. 2).
Fig. 10 is a functional block diagram of an ECU (No.
2).
Fig. 11 is a flowchart showing process steps of the
ECU (No. 3).
Fig. 12 is a flowchart showing process steps of the
ECU (No. 4).
Fig. 13 is a functional block diagram of an ECU (No.
3).
Fig. 14 is a flowchart showing process steps of the
ECU (No. 5).

DESCRIPTION OF EMBODIMENTS

[0019] Embodiments of the present invention will be
hereinafter described in detail with reference to the draw-
ings. In the drawings, the same or corresponding portions
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have the same reference signs allotted, and a description
thereof will not be repeated.

First Embodiment

[0020] Fig. 1 is an overall block diagram of a vehicle 1
according to an embodiment of the present invention.
Referring to Fig. 1, vehicle 1 includes an engine 100, a
first MG (Motor Generator) 20, a second MG 30, a motive
power split device 40, a speed reducer 50, a PCU (Power
Control Unit) 60, a battery 70, drive wheels 80, and an
ECU (Electronic Control Unit) 200.
[0021] Engine 100, first MG 20, and second MG 30 are
coupled together via motive power split device 40. Vehi-
cle 1 travels by driving force output from at least one of
engine 100 and second MG 30. The driving force gener-
ated by engine 100 is split by motive power split device
40 into two paths, namely, one path transmitting the driv-
ing force to drive wheels 80 via speed reducer 50 and
the other path transmitting the driving force to first MG 20.
[0022] Engine 100 is a multicylinder engine controlled
by a control signal S1 (more specifically, S1a, S1b, and
S1c) from ECU 200.
[0023] Fig. 2 is a diagram showing details of engine
100. It is noted that although Fig. 2 shows one cylinder,
a plurality of cylinders are provided at engine 100 in prac-
tice.
[0024] In engine 100, the air taken in from an air cleaner
(not shown) flows through an intake pipe 110 to be intro-
duced into a combustion chamber 102 of engine 100.
[0025] A throttle valve 114 is controlled by control sig-
nal S1a from ECU 200 and regulates an amount of the
air introduced into combustion chamber 102. An injector
104 is controlled by control signal S1b from ECU 200 and
injects fuel stored in a fuel tank (not shown) into combus-
tion chamber 102. It is noted that the fuel may be injected
from injector 104 into an intake manifold.
[0026] An ignition coil 106 is controlled by control signal
S1c from ECU 200 and ignites an air-fuel mixture in com-
bustion chamber 102 to cause the air-fuel mixture to
combust. The exhaust after the combustion at each cyl-
inder is gathered at an exhaust manifold (not shown),
and subsequently sent to an exhaust pipe 120 and puri-
fied with a catalyst 140 before emitted into the atmos-
phere.
[0027] Signals are input into ECU 200 from a rotation
speed sensor 11, a water temperature sensor 108, a vi-
bration sensor 109, an air flow meter 116, an intake air
temperature sensor 118, an air-fuel ratio sensor 122, and
an oxygen sensor 124.
[0028] Rotation speed sensor 11 detects engine rota-
tion speed (the rotation speed of a crankshaft of engine
100) Ne. Water temperature sensor 108 detects engine
water temperature THw. Vibration sensor 109 detects a
vibration of a cylinder block engine 100. Air flow meter
116 detects an amount of intake air (an amount of the air
taken into engine 100 per unit time) Ga. Intake air tem-
perature sensor 118 detects intake air temperature THa.

Air-fuel ratio sensor 122 detects an air-fuel ratio A/F in
the exhaust flowing through exhaust pipe 120 (the ratio
of air mass to fuel mass). Oxygen sensor 124 detects
the oxygen concentration in the exhaust. Each of these
sensors sends a signal representing a detection result
to ECU 200.
[0029] Based on, for example, the detection results of
these sensors, ECU 200 performs ignition control and
fuel control over each cylinder. For instance, ECU 200
performs ignition in each cylinder in a predetermined or-
der. In addition, ECU 200 performs control which brings
a mean value of air-fuel ratio A/F close to a target air-fuel
ratio (hereinafter referred to as "air-fuel ratio feedback
control").
[0030] Returning back to Fig. 1, first MG 20 and second
MG 30 are AC motors, such as three-phase AC synchro-
nous motors.
[0031] Motive power split device 40 is formed of a plan-
etary gear including a sun gear, pinion gears, a carrier,
and a ring gear. The pinion gears are engaged with the
sun gear and the ring gear. The carrier supports the pin-
ion gears in a manner to allow rotation of the pinion gears,
and is coupled to the crankshaft of engine 100. The sun
gear is coupled to a rotation shaft of first MG 20. The ring
gear is coupled to a rotation shaft of second MG 30 and
speed reducer 50. Since engine 100, first MG 20, and
second  MG 30 are thus coupled together via motive pow-
er split device 40 formed of the planetary gear, engine
rotation speed Ne, first MG rotation speed (the rotation
speed of the rotation shaft of first MG 20) Nm1, and sec-
ond MG rotation speed (the rotation speed of the rotation
shaft of second MG 30) Nm2 are in such a relation that
they are connected by a straight line in a nomographic
chart, as shown in Figs 3-6 which will be described later.
[0032] PCU 60 converts DC power stored in battery 70
into AC power capable of driving first MG 20 and second
MG 30 and outputs the converted power to first MG 20
and/or second MG 30. First MG 20 and/or second MG
30 are thereby driven by the power stored in battery 70.
In addition, PCU 60 converts AC power generated by
first MG 20 and/or second MG 30 into DC power capable
of charging battery 70 and outputs the converted power
to battery 70. Battery 70 is thereby charged by the power
generated by first MG 20 and/or second MG 30.
[0033] Battery 70 is a DC power supply storing electric
power for driving first MG 20 and/or second MG 30, and
is formed of, for example, a secondary battery, such as
a nickel-metal hydride secondary battery and a lithium
ion secondary battery. Battery 70 has a voltage on the
order of 200 V, for example. It is noted that as battery
70, a large-capacitance capacitor may be employed.
[0034] In addition, other than the above-described sen-
sors (such as rotation speed sensor 11) detecting the
state of engine 100, resolvers 12, 13, a vehicle speed
sensor 14, an accelerator position sensor 15, and the
like are connected to ECU 200.
[0035] Resolver 12 detects first MG rotation speed
Nm1. Resolver 13 detects second MG rotation speed
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Nm2. Vehicle speed sensor 14 detects vehicle speed V
from the rotation speed of a drive shaft. Accelerator po-
sition sensor 15 detects an amount of operation A of an
accelerator pedal by a user. Each of these sensors sends
a signal representing a detection result to ECU 200.
[0036] Further, an information panel 16 placed on an
upper portion of an instrument panel of vehicle 1 is con-
nected to ECU 200. Information panel 16 is controlled by
a  control signal S3 from ECU 200 and displays warning
information and the like for a driver.
[0037] ECU 200 includes a built-in CPU (Central
Processing Unit) and a built-in memory, both not shown
in the drawing, and is configured to execute predeter-
mined arithmetic processing based on information stored
in the memory and information from each sensor.
[0038] ECU 200 controls engine 100, first MG 20, and
second MG 30 responsive to the state of vehicle 1. It is
noted that the torque of engine 100 is hereinafter referred
to as "engine torque Te", the torque of first MG 20 as
"first MG torque Tm1", and the torque of second MG 30
as "second MG torque Tm2".
[0039] Figs. 3-6 all show the states of engine 100, first
MG 20, and second MG 30, which are controlled by ECU
200, on a nomographic chart. It is noted that as described
above, engine rotation speed Ne, first MG rotation speed
Nm1, and second MG rotation speed Nm2 are in such a
relation that they are connected by a straight line in the
nomographic charts.
[0040] Fig. 3 shows a nomographic chart on start-up
of engine 100. It is noted that Fig. 3 illustrates a case
where engine 100 is started up while the vehicle is
stopped (when Nm2 = 0).
[0041] In starting up engine 100, ECU 200 first uses
first MG 20 to crank engine 100. That is, ECU 200 causes
first MG 20 to generate cranking torque Tcrk, as shown
in Fig. 3 (it is assumed that Tm1 = Tcrk). Once cranking
torque Tcrk has increased engine rotation speed Ne to
a predetermined speed, ECU 200 performs ignition with
ignition coil 106. When the ignition causes combustion
of an air-fuel mixture (what is called first cycle), engine
100 is started up, and torque generated by engine 100
itself increases engine rotation speed Ne further.
[0042] Fig. 4 shows a nomographic chart during a stop
at idle (when engine 100 is controlled to be in an idle
state while the vehicle is stopped). During a stop at idle,
ECU 200 carries out control that exerts feedback control
over engine torque Te (more  specifically, an amount of
operation of throttle valve 114) such that engine rotation
speed Ne is brought close to target idle rotation speed
Nisc (this control is hereinafter referred to as "ISC control"
(ISC: Idle Speed Control)).
[0043] At this time, since there is a backlash (play) be-
tween gears making up motive power split device 40,
when first MG 20 is brought into a free state (a state of
generating no torque), the gears making up motive power
split device 40 irregularly abut against each other, and
vibrations with relatively low frequencies (hereinafter al-
so referred to as "idle vibrations") are generated. An ab-

normal sound caused by such idle vibrations may give a
user a relatively great uncomfortable feeling while the
vehicle is stopped, where no traveling noise is generated.
[0044] To suppress the idle vibrations, ECU 200 caus-
es first MG 20 to generate torque for pressing the gears
making up motive power split device 40 against each
other to keep them abutting (hereinafter referred to as
"pressing torque Tp"), as shown in Fig. 4 (it is assumed
that Tm1 = Tp). Pressing torque Tp has a magnitude
which was so determined in advance through an exper-
iment or the like as to be capable of suppressing the idle
vibrations. Therefore, pressing torque Tp has a magni-
tude fixed at a constant value regardless of engine torque
Te and engine rotation speed Ne. Pressing torque Tp is
in a direction hindering engine 100 from operating (the
negative direction shown in Fig. 4). The control that caus-
es first MG 20 to generate pressing torque Tp is herein-
after referred to as "pressing control". It is noted that while
the pressing control is being carried out, in view of the
fact that pressing torque Tp hinders engine 100 from op-
erating, an amount of intake air is increased by an amount
corresponding to pressing torque Tp.
[0045] Fig. 5 shows a nomographic chart during
traveling at idle (a case where engine 100 is controlled
to be in an idle state while the vehicle is traveling). ECU
200 carries out the above-described ISC control during
traveling at idle as well. Thus, the idle vibrations could
be generated in the same manner as while the vehicle
is stopped; however, the idle vibrations give the user a
relatively small uncomfortable feeling while  the vehicle
is traveling because the traveling noise and the like are
also generated. For this reason, during traveling at idle,
ECU 200 does not perform the pressing control and
brings first MG 20 into a free state, as shown in Fig. 5 (it
is assumed that Tm1 = 0). It is noted that the pressing
control may also be performed during traveling at idle.
[0046] Fig. 6 shows a nomographic chart during a load
operation (a case where engine 100 is controlled to be
in a load operation state which has a greater output than
an idle state. ECU 200 controls engine torque Te and
second MG torque Tm2 such that the torque requested
by a user is satisfied during a load operation. In doing
so, ECU 200 exerts feedback control over first MG torque
Tm1 such that first MG torque Tm1 is in charge of the
reaction force for engine torque Te and second MG
torque Tm2. Therefore, first MG torque Tm1 is variably
controlled responsive to engine torque Te and second
MG torque Tm2 during a load operation.
[0047] As above, in the present embodiment, engine
100, first MG 20, and second MG 30 are controlled re-
sponsive to the state of vehicle 1. In particular, during a
stop at idle, the pressing control is carried out causing
first MG 20 to generate pressing torque Tp, and therefore,
the idle vibrations are suppressed. In this way, while the
pressing control is being carried out, pressing torque Tp
is applied in a direction hindering engine 100 from oper-
ating, which results in the suppression of rotational fluc-
tuations of the engine (fluctuations in engine rotation
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speed Ne). Further, while the pressing control is being
carried out, an amount of intake air is increased by an
amount corresponding to pressing torque Tp, which re-
sults in stabilized combustion of an air-fuel mixture and
a tendency toward further suppression of rotational fluc-
tuations of the engine.
[0048] ECU 200, meanwhile, performs various deter-
mination processes that are based on rotational fluctua-
tions of the engine (for example, imbalance determina-
tion which will be described later). For this reason, those
processes can have decreased determination accuracy
when the pressing control suppresses the rotational fluc-
tuations of the engine.
[0049] Thus, ECU 200 controls a determination proc-
ess which is based on rotational fluctuations of the engine
and the above-described pressing control, correlating
them with each other in a manner to avoid simultaneously
carrying out the determination process and the pressing
control. This is the most characteristic feature of the
present invention.
[0050] It is noted that a representative example of the
determination processes based on rotational fluctuations
of the engine includes: "imbalance determination" deter-
mining whether or not an air-fuel ratio imbalance (here-
inafter referred to as "imbalance abnormality"), where an
imbalance arises between respective combustion states
of cylinders of engine 100, has occurred; and "misfire
determination" determining whether or not a misfire has
occurred at any of the cylinders of engine 100. The "im-
balance determination" will be hereinafter described as
an illustrative example of a determination process based
on rotational fluctuations of the engine.
[0051] Fig. 7 is a functional block diagram of part of
ECU 200 relating to the imbalance determination and the
pressing control. Each functional block shown in Fig. 7
may be realized by hardware or may be realized by soft-
ware.
[0052] ECU 200 includes an imbalance determination
unit 210 and a pressing control unit 220.
[0053] First, the functions of imbalance determination
unit 210 will be described. Imbalance determination unit
210 includes a temporarily determining unit 211, a for-
mally determining unit 212, and a notifying unit 213.
[0054] Temporarily determining unit 211 performs a
process of temporarily determining whether or not the
imbalance abnormality has occurred, based on air-fuel
ratio A/F detected by air-fuel ratio sensor 122 (hereinafter
also referred to as "temporary determination process").
For instance, when the combustion state at one cylinder
is in a lean state, air-fuel ratio A/F is temporarily greater
than a target air-fuel ratio. This cause the air-fuel ratio
feedback control to control air-fuel ratio A/F at other cyl-
inders such that air-fuel ratio A/F is smaller than the target
air-fuel ratio (that is, in a rich state). As a result, air-fuel
ratio A/F has a wider fluctuation range than usual. When
such a state in which air-fuel ratio A/F has a wider fluc-
tuation range than usual occurs, ECU 200 temporarily
determines that the imbalance abnormality has occurred.

It is noted that the temporary determination process is
not limited to this manner.
[0055] When it is temporarily determined in the tem-
porary determination process that the imbalance abnor-
mality is present, formally determining unit 212 carries
out the ISC control so that engine 100 is controlled to be
in an idle state, and performs a process formally deter-
mining whether or not an imbalance abnormality has oc-
curred based on fluctuations in engine rotation speed Ne
at the time of the ISC control being carried out (hereinafter
also referred to as "formal determination process"). The
formal determination process is a process for verifying
the reliability of a result of the determination made
through the temporary determination process. For in-
stance, as described above, when the combustion state
at one cylinder is in a lean state, the air-fuel ratio feedback
control controls the combustion state at other cylinders
such that the combustion state is in a rich state. Respon-
sive to fluctuations between the combustion states of the
cylinders, engine rotation speed Ne during the ISC con-
trol also fluctuates. When such fluctuations in engine ro-
tation speed Ne responsive to fluctuations between the
combustion states of the cylinders occur, ECU 200 for-
mally determines that the imbalance abnormality has oc-
curred.
[0056] In addition, while carrying out the formal deter-
mination process, formally determining unit 212 outputs
a signal indicating that the formal determination process
is being carried out, to a permission determining unit 222
(described later) of pressing control unit 220. In addition,
formally determining unit 212 outputs the result of the
formal determination process to notifying unit 213.
[0057] When formally determining unit 212 formally de-
termines that the imbalance abnormality is present, no-
tifying unit 213 causes information panel 16 to display a
warning to the effect that the imbalance abnormality has
occurred, so as to notify a user to the effect that the im-
balance abnormality has occurred. It is noted that the
notification may be made to the user by audio or the like.
[0058] Next, the functions of pressing control unit 220
will be described. Pressing control unit 220 includes an
idle determining unit 221, permission determining unit
222, and a torque generating unit 223.
[0059] Idle determining unit 221 determines whether
or not it is during a stop at idle (whether or not engine
100 is controlled to be in an idle state while the vehicle
is stopped).
[0060] If it is during a stop at idle, permission determin-
ing unit 222 determines, based on a signal from formally
determining unit 212, whether or not the formal determi-
nation process of the imbalance determination (a deter-
mination process based on fluctuations in engine rotation
speed Ne) is ongoing. Permission determining unit 222
permits carrying out the pressing control when the formal
determination process is not ongoing, and prohibits, rath-
er than permits, carrying out the pressing control when
the formal determination process is ongoing. Permission
determining unit 222 outputs a determination result of
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whether or not to permit carrying out the pressing control,
to torque generating unit 223.
[0061] When permission determining unit 222 permits
carrying out the pressing control, torque generating unit
223 generates a control signal S2 causing MG 20 to gen-
erate pressing torque Tp and outputs the generated sig-
nal to PCU 20. This causes the pressing control to be
carried out. On the other hand, when permission deter-
mining unit 222 prohibits, rather than permits, carrying
out the pressing control, torque generating unit 223 does
not carry out the pressing control and does not cause
first MG 20 to generate pressing torque Tp.
[0062] Fig. 8 is a flowchart showing process steps of
ECU 200 for realizing the above-described functions of
imbalance determination unit 210. This flowchart is re-
peatedly executed at a predetermined cycle during the
operation of engine 100.
[0063] In S10, ECU 200 starts the temporary determi-
nation process of the imbalance abnormality. That is,
ECU 200 monitors air-fuel ratio A/F. In S11, ECU 200
determines whether or not a fluctuation in air-fuel ratio
A/F is present. This determination is made depending
on, for example, whether or not air-fuel ratio A/F has a
fluctuation range which is above a predetermined thresh-
old value (a value corresponding a usual value), as de-
scribed above. The determination may be made depend-
ing on, for example, whether or not air-fuel ratio A/F has
a fluctuation wave form which approximately matches a
fluctuation wave form at the time of occurrence of the
imbalance abnormality, which was obtained in advance
through an experiment or the like.
[0064] If air-fuel ratio A/F is fluctuating (YES in S11),
ECU 200 shifts the process to S12 and temporarily de-
termines that the imbalance abnormality is present. Sub-
sequently, ECU 200 starts the formal determination proc-
ess of the imbalance abnormality. That is, in S 13, ECU
200 carries out the ISC control so that control engine 100
is controlled to be in an idle state, and monitors engine
rotation speed Ne when at idle. In S 14, ECU 200 then
determines whether or not any fluctuation in engine ro-
tation speed Ne is present. This determination is made
depending on, for example, whether or not engine rota-
tion speed Ne has a fluctuation range which is above a
predetermined threshold value (a value corresponding
to a usual value), as described above.
[0065] If engine rotation speed Ne is fluctuating (YES
in S 14), ECU 200 formally determines in S 15 that the
imbalance abnormality has occurred, and notifies a user
of the occurrence of the imbalance abnormality in S16.
[0066] In contrast, if air-fuel ratio A/F is not fluctuating
(NO in S 11), or if air-fuel ratio A/F is fluctuating but engine
rotation speed Ne is not fluctuating (NO in S 14), ECU
200 shifts the process to S 17 and determines that the
state is normal (a state in which no imbalance abnormality
has occurred).
[0067] Fig. 9 is a flowchart showing process steps of
ECU 200 for realizing the above-described functions of
pressing control unit 220. This flowchart is repeatedly

executed at a predetermined cycle during the operation
of engine 100.
[0068] In S20, ECU 200 determines whether or not it
is during a stop at idle. If it is during a stop at idle (YES
in S20), ECU 200 determines in S21 whether or not the
formal determination process of the imbalance abnor-
mality (the process of S13-S15 in Fig. 8) is ongoing. If
the formal determination process is not ongoing (NO in
S21), ECU 200 carries out the pressing control in S22.
[0069] In contrast, if it is not during a stop at idle (NO
in S20), or even though it is during a stop at idle, if the
formal determination process of the imbalance abnor-
mality is ongoing (YES in S21), ECU 200 does not carry
out the pressing control in S23.
[0070] As above, ECU 200 according to the present
embodiment determines whether or not the formal deter-
mination process of the imbalance abnormality (a deter-
mination process based on rotational fluctuations of the
engine) is ongoing during a stop at idle, and when the
formal determination process is ongoing, ECU 200 does
not carry out the pressing control. It can thereby be avoid-
ed that the pressing control suppresses rotational fluctu-
ations of the engine in the middle of determining the im-
balance abnormality based on the rotational fluctuations
of the engine. For this reason, an improved determination
accuracy of imbalance abnormality is achieved. On the
other hand, when the formal determination process is not
ongoing during a stop at idle, ECU 200 carries out the
pressing control. An abnormal sound caused by the idle
vibrations can thereby be suppressed. As a result, the
suppression of an abnormal sound caused by the idle
vibrations and an improved determination accuracy of
imbalance abnormality can be achieved with a good bal-
ance therebetween.

Second Embodiment

[0071] The above-described first embodiment has ex-
plained an example in which the pressing control is not
carried out during the formal determination process of
the imbalance abnormality (during a determination proc-
ess based on rotational fluctuations of the engine). In
contrast, the present embodiment will explain an exam-
ple where a user is not notified of a result of the formal
determination process when the pressing control was be-
ing carried out during the formal determination process.
It is noted that  other structures, functions, and processes
are the same as those in the above-described first em-
bodiment, and therefore, a detailed description thereof
is not be repeated here.
[0072] Fig. 10 is a functional block diagram of an ECU
200A according to the present embodiment. It is noted
that among the functional blocks shown in Fig. 10, the
functional blocks having the same reference signs allot-
ted as the functional blocks shown in Fig. 7 described
before have already been described, and therefore, a
detailed description thereof is not repeated here.
[0073] ECU 200A includes an imbalance determina-
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tion unit 210A and a pressing control unit 220A.
[0074] First, the functions of pressing control unit 220A
will be described. Pressing control unit 220A includes
idle determining unit 221 and a torque generating unit
223A. When idle determining unit 221 determines that it
is during a stop at idle, torque generating unit 223A caus-
es MG 20 to generate pressing torque Tp to carry out the
pressing control. In addition, while carrying out the press-
ing control, torque generating unit 223A outputs a signal
indicating that the pressing control is being carried out,
to a permission determining unit 214A (described later)
of imbalance determination unit 210A.
[0075] Next, the functions of imbalance determination
unit 210A will be described. Imbalance determination unit
210A includes temporarily determining unit 211, a for-
mally determining unit 212A, permission determining unit
214A, and a notifying unit 213A.
[0076] When temporarily determining unit 211 tempo-
rarily determines that the imbalance abnormality is
present, formally determining unit 212A performs the for-
mal determination process. Formally determining unit
212A outputs a result of the formal determination process
to permission determining unit 214A.
[0077] When formally determining unit 212A formally
determines that the imbalance abnormality is present,
permission determining unit 214A determines whether
or not the pressing control was being carried out during
the formal determination process. permission determin-
ing unit 214A permits notifying a user of the result of the
formal determination process when the pressing control
was not being carried out during the formal determination
process, and prohibits, rather than permits, notifying the
user of the result of the formal determination process
when the pressing control was being carried out during
the formal determination process.
[0078] When permission determining unit 214A per-
mits providing the user with a notification, notifying unit
213A notifies the user of the occurrence of the imbalance
abnormality. On the other hand, when permission deter-
mining unit 214A prohibits, rather than permits, a notifi-
cation to the user, notifying unit 213A does not notify the
user of the occurrence of the imbalance abnormality.
[0079] Fig. 11 is a flowchart showing process steps of
ECU 200A for realizing the above-described functions of
imbalance determination unit 210A. It is noted that
among the steps shown in Fig. 11, the steps having the
same numbers allotted as the steps shown in Fig. 8 de-
scribed before have already been described, and there-
fore, a detailed description thereof is not repeated here.
[0080] After it is formally determined in S 15 that the
imbalance abnormality has occurred, ECU 200A deter-
mines in S15a whether or not the pressing control is on-
going.
[0081] If the pressing control is not ongoing (NO in S
15), in S16, ECU 200A notifies a user of the occurrence
of the imbalance abnormality. On the other hand, if the
pressing control is ongoing (YES in S15), ECU 200A ter-
minates the process without notifying the user of the oc-

currence of the imbalance abnormality.
[0082] Fig. 12 is a flowchart showing process steps of
ECU 200A for realizing the above-described functions of
pressing control unit 220A. It is noted that among the
steps shown in Fig. 12, the steps having the same num-
bers allotted as the steps shown in Fig. 9 have already
been described, and therefore, a detailed description
thereof will not be repeated.
[0083] If it is during a stop at idle (YES in S20), ECU
200 carries out the pressing control in S22. If it is not
during a stop at idle (NO in S20), ECU 200 does not carry
out the pressing control in S23.
[0084] As above, ECU 200A according to the present
embodiment does not notify a user of a result of the formal
determination process when the pressing control was be-
ing carried out during the formal determination process
of the imbalance abnormality (during a determination
process based on the rotational fluctuations of the en-
gine). For this reason, it is possible to avoid notifying the
user of the imbalance abnormality which was determined
based on rotational fluctuations of the engine which had
been suppressed by the pressing control (a determina-
tion result with low accuracy), while suppressing an ab-
normal sound caused by the idle vibrations through the
pressing control.

Third Embodiment

[0085] The above-described second embodiment has
explained an example in which a user is not notified of a
result of the formal determination process when the
pressing control was being carried out during the formal
determination process. In contrast, the present embodi-
ment will explain an example in which a shift to the formal
determination process is not made when the pressing
control is being carried out even when it is temporarily
determined that the imbalance abnormality is present. It
is noted that other structures, functions, and processes
are the same as those in the above-described first em-
bodiment, and therefore, a detailed description thereof
is not be repeated here.
[0086] Fig. 13 is a functional block diagram of ECU
200B according to the present embodiment. It is noted
that among the functional blocks shown in Fig. 13, the
functional blocks having the same reference signs allot-
ted as the functional blocks shown in Fig. 7 described
before have already been described, and therefore, a
detailed description thereof is not repeated here.
[0087] ECU 200B includes an imbalance determina-
tion unit 210B and a pressing control unit 220B.
[0088] First, the functions of pressing control unit 220B
will be described. Pressing  control unit 220B includes
idle determining unit 221 and a torque generating unit
223B. When idle determining unit 221 determines that it
is during a stop at idle, torque generating unit 223B caus-
es MG 20 to generate pressing torque Tp to carry out the
pressing control. In addition, while carrying out carrying
out the pressing control, torque generating unit 223B out-
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puts a signal indicating that the pressing control is being
carried out, to a permission determining unit 214B (de-
scribed later) of imbalance determination unit 210B. It is
noted that the process steps for realizing the functions
of pressing control unit 220B are the same as those in
Fig. 12 described above.
[0089] Next, the functions of imbalance determination
unit 210B will be described. Imbalance determination unit
210B includes temporarily determining unit 211, permis-
sion determining unit 214B, a formally determining unit
212B, and a notifying unit 213B.
[0090] When temporarily determining unit 211 deter-
mines that the imbalance abnormality is present, permis-
sion determining unit 214B determines whether or not
the pressing control is being carried out. When the press-
ing control is not being carried out, permission determin-
ing unit 214B permits carrying out the formal determina-
tion process. When the pressing control is being carried
out, permission determining unit 214B prohibits, rather
than permits, carrying out the formal determination proc-
ess. Permission determining unit 214B outputs a deter-
mination result to formally determining unit 212B.
[0091] Formally determining unit 212B carries out the
formal determination process when permission deter-
mining unit 214B permits carrying out the formal deter-
mination process, and when not, does not carry out the
formal determination process. Formally determining unit
212B outputs a result of the formal determination process
to notifying unit 213B.
[0092] When formally determining unit 212B formally
determines that the imbalance abnormality is present,
notifying unit 213B notifies a user of the occurrence of
the imbalance abnormality.
[0093] Fig. 14 is a flowchart showing process steps of
ECU 200B for realizing the above-described functions of
imbalance determination unit 210B. It is noted that
among the steps shown in Fig. 14, the steps having the
same numbers allotted as the steps shown in Fig. 8 de-
scribed before have already been described, and there-
fore, a detailed description thereof is not repeated here.
[0094] After it is temporarily determined in S12 that the
imbalance abnormality is present, ECU 200B determines
in S12a whether or not the pressing control is ongoing.
[0095] If the pressing control is not ongoing (NO in
S12), ECU 200B carries out the formal determination
process of the imbalance abnormality through the proc-
ess in S 13 and subsequent steps. On the other hand, if
the pressing control is ongoing (YES in S12), ECU 200A
terminates the process without carrying out the formal
determination process of the imbalance abnormality.
[0096] As above, ECU 200B according to the present
embodiment does not carry out the formal determination
process when the pressing control is being carried out
even when it is temporarily determined that the imbal-
ance abnormality is present. For this reason, it is possible
to avoid determining the imbalance abnormality based
on rotational fluctuations of the engine which have been
suppressed by the pressing control, while suppressing

an abnormal sound caused by the idle vibrations through
the pressing control.
[0097] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present invention is de-
fined by the terms of the claims rather than the above
description, and is intended to include any modifications
within the scope and meaning equivalent to the terms of
the claims.

REFERENCE SIGNS LIST

[0098] 1 vehicle; 11 rotation speed sensor; 12, 13 re-
solver; 14 vehicle speed sensor; 15 accelerator position
sensor; 16 information panel; 20 first MG; 30 second MG;
40 motive power split device; 50 speed reducer; 60 PCU;
70 battery; 80 drive wheel; 100 engine; 102 combustion
chamber; 104 injector; 106 ignition coil; 108 water  tem-
perature sensor; 109 vibration sensor; 110 intake pipe;
114 throttle valve; 116 air flow meter; 118 intake air tem-
perature sensor; 120 exhaust pipe; 122 air-fuel ratio sen-
sor; 124 oxygen sensor; 140 catalyst; 200 ECU; 210,
210A, 210B imbalance determination unit; 211 tempo-
rarily determining unit; 212, 212A, 212B formally deter-
mining unit; 213, 213A, 213B notifying unit; 214A, 214B,
222 permission determining unit; 220, 220A, 220B con-
trol unit; 221 idle determining unit; 223, 223A, 223B
torque generating unit.

Claims

1. A vehicle comprising:

an internal combustion engine (100);
a motor (20) coupled to said internal combustion
engine via a gear mechanism (40); and
a control device (200) carrying out

a determination process determining
whether or not said internal combustion en-
gine has an abnormality based on rotational
fluctuations of said internal combustion en-
gine and
a particular control causing said motor to
generate suppressing torque for suppress-
ing vibrations of said gear mechanism while
said internal combustion engine is operat-
ing,

said control device carrying out said determina-
tion process and said particular control in a man-
ner to avoid at least one of

simultaneously carrying out said determina-
tion process and said particular control and
notifying a user of a result of said determi-
nation process carried out during said par-
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ticular control.

2. The vehicle according to claim 1, wherein
said control device does not carry out said particular
control when said determination process is ongoing.

3. The vehicle according to claim 2, wherein
said internal combustion engine has a plurality of
cylinders,
said determination process is a process determining
whether or not an imbalance abnormality where an
imbalance arises between respective combustion
states of said  plurality of cylinders is present based
on said rotational fluctuations, and
said particular control is control causing said motor
to generate said suppressing torque acting in a di-
rection hindering said internal combustion engine
from operating.

4. The vehicle according to claim 3, wherein
said control device comprises:

a determination unit carrying out said determi-
nation process; and
a control unit carrying out said particular control,
said determination unit temporarily determines
whether or not said imbalance abnormality is
present based on an air-fuel ratio in exhaust of
said internal combustion engine and, when it is
temporarily determined that said imbalance ab-
normality is present, controls said internal com-
bustion engine such that said internal combus-
tion engine is in an idle state and carries out said
determination process based on said rotational
fluctuations at the time of said internal combus-
tion engine being in an idle state, and
when said internal combustion engine is in an
idle state, said control unit

carries out said particular control when said
determination process is not ongoing and
does not carry out said particular control
when said determination process is ongo-
ing.

5. The vehicle according to claim 1, wherein
said control device does not notify a user of a result
of said determination process when said determina-
tion process and said particular control are both on-
going.

6. The vehicle according to claim 5, wherein
said internal combustion engine has a plurality of
cylinders,
said determination process is a process determining
whether or not an imbalance  abnormality where an
imbalance occurs between respective combustion
states of said plurality of cylinders is present based

on said rotational fluctuations, and
said particular control is control causing said motor
to generate said suppressing torque acting in a di-
rection hindering said internal combustion engine
from operating.

7. The vehicle according to claim 6, wherein
said control device comprises:

a determination unit carrying out said determi-
nation process; and
a control unit carrying out said particular control,
said control unit carries out said particular con-
trol when said internal combustion engine is in
an idle state, and
said determination unit temporarily determines
whether or not said imbalance abnormality is
present based on an air-fuel ratio in exhaust of
said internal combustion engine, when it is tem-
porarily determined that said imbalance abnor-
mality is present, controls said internal combus-
tion engine such that said internal combustion
engine is in an idle state and carries out said
determination process based on said rotational
fluctuations at the time of said internal combus-
tion engine being in an idle state, notifies a user
of a result of said determination process when
said particular control was not being carried out
while said determination process was being car-
ried out, and does not notify a user of a result of
said determination process when said particular
control was being carried out while said deter-
mination process was being carried out.

8. The vehicle according to claim 1, wherein
said control device does not carry out said determi-
nation process when said particular control is ongo-
ing.

9. The vehicle according to claim 8, wherein
said internal combustion engine has a plurality of
cylinders,
said determination process is a process determining
whether or not an imbalance abnormality where an
imbalance occurs between respective combustion
states of said plurality of cylinders is present based
on said rotational fluctuations, and
said particular control is control causing said motor
to generate said suppressing torque acting in a di-
rection hindering said internal combustion engine
from operating.

10. The vehicle according to claim 9, wherein
said control device comprises:

a determination unit carrying out said determi-
nation process; and
a control unit carrying out said particular control,
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said control unit carries out said particular con-
trol when said internal combustion engine is in
an idle state, and
said determination unit temporarily determines
whether or not said imbalance abnormality is
present based on an air-fuel ratio in exhaust of
said internal combustion engine and, when it is
temporarily determined that said imbalance ab-
normality is present,

controls said internal combustion engine
such that said internal combustion engine
is in an idle state and carries out said deter-
mination process based on said rotational
fluctuations at the time of said internal com-
bustion engine being in an idle state when
said particular control is not ongoing and
does not carry out said determination proc-
ess when said particular control is ongoing.

11. A control method performed by a control device of a
vehicle comprising an internal combustion engine
(100) and a motor (20) coupled to said internal com-
bustion engine via a gear mechanism (40), the con-
trol method comprising the steps of:

carrying out a determination process determin-
ing whether or not said internal  combustion en-
gine has an abnormality based on rotational fluc-
tuations of said internal combustion engine; and
carrying out particular control causing said mo-
tor to generate suppressing torque for suppress-
ing vibrations of said gear mechanism while said
internal combustion engine is operating,
at least any one of said steps of carrying out said
determination process and carrying out said par-
ticular control including the step of avoiding at
least one of

simultaneously carrying out said determina-
tion process and said particular control and
notifying a user of a result of said determi-
nation process carried out during said par-
ticular control.
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