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(54) HYBRID VEHICLE CONTROL DEVICE AND HYBRID VEHICLE CONTROL METHOD

(57) A control device for a hybrid vehicle (1) is pro-
vided. The control device includes a controller (20) that
is configured to control a transmission mechanism. The
controller is configured to; detect an abnormality that
causes a rotation of an engine (3) to stop while a hybrid
vehicle (1) is traveling with the engine being driven; de-
termine whether a predetermined condition that does not
allow the rotation of the engine to stop is satisfied when
the abnormality is detected; start, when determining that
the predetermined condition is satisfied, mode setting
control for setting a travel mode that is set by a transmis-
sion mechanism (6) to a travel mode in which the prede-
termined condition is not satisfied; and stop the rotation
of the engine after the mode setting control is started.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control device for a
hybrid vehicle that includes an engine and a motor as
drive force sources and in which a plurality of travel
modes with different engine rotational speeds or different
drive modes can be set, and also relates to a method for
controlling such a hybrid vehicle.

2. Description of Related Art

[0002] An example of the hybrid vehicle of this type is
described in Japanese Unexamined Patent Application
Publication No. 2017-7437 (JP 2017-7437 A). The hybrid
vehicle described in JP 2017-7437 A is a so-called two
motor-type hybrid vehicle including a power split device
that splits a torque output from an engine into a torque
for a first motor having a power generating function and
a torque for an output side (driving wheels). In a hybrid
travel mode (HV travel mode) in which the engine is driv-
en, the engine rotational speed is controlled with the first
motor, electric power generated by the first motor is sup-
plied to a second motor, and a torque output from the
second motor is added to the torque output from the pow-
er split device.
[0003] The power split device described in JP
2017-7437 A is configured so that various travel modes
can be set with two sets of planetary gear mechanisms
and a plurality of engagement mechanisms. The travel
modes include a low (Lo) mode, a high (Hi) mode, a di-
rect-coupling (fixed gear stage) mode, and a separation
mode. In the Lo mode, a gear ratio is set so that a reaction
torque of the first motor is small with respect to the torque
output from the engine. In the Hi mode, a gear ratio is
set so that the reaction torque of the first motor is large
with respect to the torque output from the engine. In the
direct-coupling mode, the power split device as a whole
rotates integrally. In the separation mode, the engine is
separated from the driving wheels so that the vehicle can
travel using the motor with rotation of the engine stopped.
The direct-coupling mode is set by engaging a so-called
high (Hi) clutch that is engaged to set the Hi mode and
a so-called low (Lo) clutch that is engaged to set the Lo
mode. Thus, by setting the direct-coupling mode as a
transitional state for switching the travel mode between
the Hi mode and the Lo mode, the travel mode can be
switched smoothly with a driving torque maintained. Fur-
ther, in the direct-coupling mode, the whole amount of
torque output from the engine can be transmitted to the
driving wheels without being converted into electric pow-
er and vice versa, so that power transmission efficiency
is improved.

SUMMARY OF THE INVENTION

[0004] As described in JP 2017-7437 A, in the hybrid
vehicle that can set the plurality of travel modes, the en-
gine rotational speed is controlled with the motor, so that
an engine operation point can be set to an operation point
that realizes a good fuel efficiency. Further, the travel
mode can be set to the Hi mode or the Lo mode in ac-
cordance with a vehicle speed and a required drive force.
Thus, it is possible to achieve traveling with good energy
efficiency (fuel efficiency) while satisfying a drive request
by a driver. On the other hand, when the engine rotational
speed decreases due to some abnormalities during
traveling with the engine being driven, a rotational speed
of a rotating member that constitutes a transmission
mechanism, such as the power split device, or a rotational
speed of a motor connected to the transmission mecha-
nism, etc. may excessively increase, resulting in deteri-
oration of durability thereof.
[0005] The invention provides a control device for a
hybrid vehicle, which can suppress an excessive in-
crease in rotational speed or an increase in vibration due
to some abnormalities that decrease the rotational speed
of the engine, and a method of controlling the hybrid ve-
hicle.
[0006] A first aspect of the invention relates to a control
device for a hybrid vehicle. The hybrid vehicle includes
an engine, a driving wheel, a transmission mechanism
configured to selectively set a plurality of travel modes
with different relationships between a rotational speed of
the engine and a rotational speed of the driving wheel, a
motor connected to the transmission mechanism and
configured to control the rotational speed of the engine
via the transmission mechanism. The control device in-
cludes a controller configured to control the transmission
mechanism. The controller is configured to detect an ab-
normality that causes a rotation of the engine to stop
while the hybrid vehicle is traveling with the engine being
driven. The controller is configured to determine whether
a predetermined condition that does not allow the rotation
of the engine to stop is satisfied when the abnormality is
detected. The controller is configured to start, when de-
termining that the predetermined condition is satisfied,
mode setting control for setting the travel mode that is
set by the transmission mechanism to a travel mode in
which the predetermined condition is not satisfied. The
controller is configured to stop the rotation of the engine
after the mode setting control is started.
[0007] The travel modes are travel modes with different
relationships between a rotational speed of the engine
and a rotational speed of the driving wheel, and may be
travel modes in which torque distributed to the driving
wheel with respect to torque output from the engine are
different.
[0008] In the control device, the transmission mecha-
nism may include a power split device that performs dif-
ferential operation with a plurality of rotating elements
including a first rotating element to which the engine is
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connected, a second rotating element to which the motor
is connected, and a third rotating element to which the
driving wheel is connected.
[0009] In the control device, the transmission mecha-
nism may further include a first engagement mechanism
that is engaged to set a rotational speed ratio between
the first rotating element and the third rotating element
with rotation of the second rotating element stopped, to
a predetermined first gear ratio, and a second engage-
ment mechanism that is engaged to set the rotational
speed ratio between the first rotating element and the
third rotating element with the rotation of the second ro-
tating element stopped, to a predetermined second gear
ratio. The travel modes may include a direct-coupling
mode, a first shift mode, a second shift mode, and a sep-
aration mode, the direct-coupling mode being a mode in
which the first engagement mechanism and the second
engagement mechanism are engaged and the rotational
speed ratio between the first rotating element and the
third rotating element is 1, the first shift mode being a
mode in which only the first engagement mechanism is
engaged and the rotational speed ratio is set to the first
gear ratio, the second shift mode being a mode in which
only the second engagement mechanism is engaged and
the rotational speed ratio is set to the second gear ratio,
and the separation mode being a mode in which both the
first engagement mechanism and the second engage-
ment mechanism are disengaged not to allow the engine
to transmit torque to the third rotating element.
[0010] In the control device, the transmission mecha-
nism may include a plurality of rotating members includ-
ing the first rotating element, the second rotating element,
and the third rotating element. The predetermined con-
dition that does not allow the rotation of the engine to
stop may be that a rotational speed of at least one rotating
member, out of the rotating members, exceeds a prede-
termined allowable rotational speed when the engine
stops. The travel mode in which the predetermined con-
dition is not satisfied may be a travel mode in which even
when the engine stops, the rotational speed of none of
the rotating members exceeds the predetermined allow-
able rotational speed.
[0011] In the control device, the predetermined condi-
tion that does not allow the rotation of the engine to stop
may be that the direct-coupling mode is set.
[0012] In the control device, the travel mode in which
the predetermined condition is not satisfied may be the
separation mode.
[0013] In the control device, the transmission mecha-
nism may include a shift unit that switches the travel
mode. The shift unit may include a direct-coupling posi-
tion for setting the direct-coupling mode, a first shift po-
sition for setting the first shift mode, a second shift posi-
tion for setting the second shift mode, and a separation
position for setting the separation mode, and the shift
unit may be configured such that the first shift position
and the second shift position are interposed between the
direct-coupling position and the separation position, and

the travel mode is switched between the direct-coupling
position and the separation position by way of either the
first shift position or the second shift position. The con-
troller may be configured to control, when the travel mode
is switched from the direct-coupling mode to the separa-
tion mode in response to detection of the abnormality,
switching of the shift unit such that the travel mode is
switched by way of a shift position, out of the first shift
position and the second shift position, in which the pre-
determined condition is not satisfied.
[0014] In the control device, the predetermined condi-
tion that does not allow the rotation of the engine to stop
may represent a state in which switching from a travel
mode, out of the travel modes, other than the direct-cou-
pling mode to another travel mode is being performed.
The travel mode in which the predetermined condition is
not satisfied may be a travel mode, out of the travel
modes, other than the direct-coupling mode.
[0015] In the control device, the transmission mecha-
nism may include a plurality of rotating members includ-
ing the first rotating element, the second rotating element,
and the third rotating element. The predetermined con-
dition that does not allow the rotation of the engine to
stop may represent that a rotational speed of at least one
rotating member, out of the rotating members, exceeds
a predetermined allowable rotational speed when the en-
gine stops. The travel mode in which the predetermined
condition is not satisfied may be a travel mode in which
the rotational speed of none of the rotating members ex-
ceeds the predetermined allowable rotational speed
even when the engine stops.
[0016] In the control device, the transmission mecha-
nism may include a shift unit that switches the travel
mode. The shift unit may include a direct-coupling posi-
tion for setting the direct-coupling mode, a first shift po-
sition for setting the first shift mode, a second shift posi-
tion for setting the second shift mode, and a separation
position for setting the separation mode, and the shift
unit may be configured such that the first shift position
and the second shift position are interposed between the
direct-coupling position and the separation position, and
the travel mode is switched between the direct-coupling
position and the separation position by way of either the
first shift position or the second shift position. The con-
troller may be configured to control, when the travel mode
is switched from the direct-coupling mode to the separa-
tion mode in response to detection of the abnormality,
switching of the shift unit such that the travel mode is
switched by way of a shift position, out of the first shift
position and the second shift position, in which the pre-
determined condition is not satisfied.
[0017] A second aspect of the invention relates to a
method for controlling a hybrid vehicle. The hybrid vehicle
includes an engine, a driving wheel, a transmission
mechanism configured to selectively set a plurality of
travel modes with different relationships between a rota-
tional speed of the engine and a rotational speed of the
driving wheel, a motor connected to the transmission
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mechanism and configured to control the rotational
speed of the engine via the transmission mechanism,
and a controller configured to control the transmission
mechanism. The method includes detecting, with the
controller, an abnormality that causes rotation of the en-
gine to stop while the hybrid vehicle is traveling with the
engine being driven, determining, with the controller, that
a predetermined condition that does not allow rotation of
the engine to stop is satisfied, when the controller detects
the abnormality, starting, with the controller, mode setting
control for setting a travel mode that is set by the trans-
mission mechanism to a travel mode in which the prede-
termined condition is not satisfied, when it is determined
that the predetermined condition is satisfied, and stop-
ping the rotation of the engine with the controller after
the mode setting control is started.
[0018] In the above configurations, when the abnor-
mality that causes the engine to stop is detected while
the hybrid vehicle is traveling with the engine and the
driving wheel connected such that torque can be trans-
mitted, it is determined whether the predetermined con-
dition that does not allow the rotation of the engine to
stop is determined. When it is determined that the pre-
determined condition that does not allow the rotation of
the engine to stop, the control to set the travel mode set
by the transmission mechanism to a travel mode that
allows the rotation of the engine to stop, and the engine
is stopped in this state. The condition that does not allow
the rotation of the engine to stop is, for example, an ex-
cessive increase in the rotational speed of any of the
rotating members. Thus, a condition that allows the en-
gine to stop is satisfied at the time of stopping the engine.
Therefore, it is possible to suppress a situation where
the rotational speed of the rotating member excessively
increases and durability is accordingly deteriorates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic diagram showing an example
of a drive device of a hybrid vehicle;
FIG. 2 is a block diagram for illustrating a structure
of an electronic control unit (ECU);
FIG. 3 is a table collectively showing each travel
mode and engagement and disengagement of each
engagement mechanism;
FIG. 4A is a collinear diagram for illustrating an op-
eration state of a high mode;
FIG. 4B is a collinear diagram for illustrating an op-
eration state of a direct-coupling mode;
FIG. 4C is a collinear diagram for illustrating an op-
eration state of a low mode;
FIG. 4D is a collinear diagram for illustrating an op-

eration state of a separation mode;
FIG. 5 is a mechanism explanation diagram for illus-
trating an example of a shift mechanism (shift unit);
FIG. 6 is an explanatory diagram for illustrating that
mode transition between the direct-coupling mode
and the separation mode is sequentially performed;
FIG. 7 is a flowchart for illustrating an example of
control performed by a control device according to
an embodiment;
FIG. 8 is a flowchart for illustrating a control example,
in which the mode transition is more specifically de-
scribed;
FIG. 9 is a flowchart for illustrating another example
of the control performed by the control device ac-
cording to the embodiment; and
FIG. 10 is a flowchart for illustrating yet another ex-
ample of the control performed by the control device
according to the embodiment.

DETAILED DESCRIPTION OF EMBODIMENT

[0020] A control device according to an embodiment
of the invention controls a hybrid vehicle including an
engine and a motor as drive force sources, and an ex-
ample thereof is schematically shown in FIG. 1. FIG. 1
shows a driving apparatus 2 in a hybrid vehicle 1, and
the driving apparatus 2 includes an engine (Eng) 3 and
two motors 4, 5 as drive force sources. The engine 3 is
an internal combustion engine such as a gasoline engine
or a diesel engine, and is configured such that operation
states such as a throttle opening, a fuel injection amount,
and an ignition timing can be electrically controlled. A
first motor (MG1) 4 is a motor mainly for controlling a
rotational speed of the engine 3, and is composed of a
motor having a power generating function, that is, a mo-
tor-generator. The first motor 4 is an example of a "motor"
in the embodiment. A second motor (MG2) 5 is a motor
that is mainly supplied with electric power generated by
the first motor 4 to output a drive force for traveling. The
second motor 5 performs energy regeneration during de-
celeration, and thus, is composed of a motor-generator,
similar to the first motor 4.
[0021] A power split device 6 is provided that is a mech-
anism for controlling the rotational speed of the engine
3 with the first motor 4 and converting part of the power
output from the engine 3 into electric power. The power
split device 6 is an example of a transmission mechanism
in the embodiment. The power split device 6 shown in
FIG. 1 is composed of a composite planetary gear mech-
anism in which two sets of planetary gear mechanisms
7, 8 are combined, and a plurality of (at least three) ro-
tating elements including an input element, an output el-
ement, and a reaction force element.
[0022] Specifically, in the example shown in FIG. 1,
each planetary gear mechanism 7, 8 is a single-pinion
planetary gear mechanism. One of the planetary gear
mechanisms (hereinafter referred to as a first planetary
gear mechanism) 7 includes a sun gear 7S, a ring gear
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7R that is an internal gear disposed concentrically with
the sun gear 7S, and a carrier 7C supporting pinion gears
7P disposed between the sun gear 7S and the ring gear
7R and meshing with the sun gear 7S and the ring gear
7R. The first planetary gear mechanism 7 is configured
to perform a differential action with the sun gear 7S, the
ring gear 7R, and the carrier 7C. Similarly, the other plan-
etary gear mechanism (hereinafter referred to as a sec-
ond planetary gear mechanism) 8 includes a sun gear
8S, a ring gear 8R that is an internal gear disposed con-
centrically with the sun gear 8S, and a carrier 8C sup-
porting pinion gears 8P disposed between the sun gear
8S and the ring gear 8R and meshing with the sun gear
8S and the ring gear 8R. The second planetary gear
mechanism 8 is configured to perform a differential action
with the sun gear 8S, the ring gear 8R and the carrier 8C.
[0023] The engine 3 is connected to the carrier 7C of
the first planetary gear mechanism 7, and thus, the carrier
7C serves as the input element (an example of a first
rotating element in the embodiment). Further, the first
motor 4 is connected to the sun gear 7S of the first plan-
etary gear mechanism 7, and thus, the sun gear 7S
serves as the reaction force element (an example of a
second rotating element in the embodiment). The plan-
etary gear mechanisms 7, 8 are arranged so as to be
coaxial with the engine 3, and the ring gear 7R of the first
planetary gear mechanism 7 and the sun gear 8S of the
second planetary gear mechanism 8 are connected so
as to rotate together. The ring gear 8R of the second
planetary gear mechanism 8 is provided with an output
gear 9, and thus, the ring gear 8R serves as the output
element (an example of a third rotating element in the
embodiment).
[0024] The first planetary gear mechanism 7 and the
second planetary gear mechanism 8 constitute a com-
posite planetary gear mechanism with their predeter-
mined rotating elements are connected to each other. As
engagement mechanisms for changing a connection re-
lationship, a first clutch CL1 (an example of a first en-
gagement mechanism) and a second clutch CL2 (an ex-
ample of a second engagement mechanism) are provid-
ed. The first clutch CL1 selectively connects the carriers
7C and 8C. The second clutch CL2 selectively connects
predetermined two rotating elements of the second plan-
etary gear mechanism 8 (the ring gear 8R and the carrier
8C in the example shown in FIG. 1). Thus, the second
clutch CL2 is a clutch that integrates the second planetary
gear mechanism 8 as a whole.
[0025] Each of the clutches CL1, CL2 is composed of
a meshing clutch (dog clutch). With this configuration,
the configuration of the transmission mechanism or the
driving apparatus 2 as a whole is reduced in size. Further,
a brake B1 that selectively stops rotation of an output
shaft of the engine 3 is provided. The brake B1 is a brake
that stops reverse rotation of the engine 3 and thus, can
be constituted by a one-way clutch. In the embodiment,
the brake B1 need not be provided.
[0026] A counter shaft 10 is disposed in parallel with a

rotation center axis of the engine 3 and the power split
device 6. A driven gear 11 meshing with the output gear
9 and a drive gear 12 having a smaller diameter than the
driven gear 11 are attached to the counter shaft 10. The
drive gear 12 meshes with a ring gear 14 in a differential
gear unit 13 that is a final reduction gear.
[0027] Further, the driven gear 11 is engaged with a
drive gear 16 attached to a rotor shaft 15 of the second
motor 5. Therefore, a torque output from the second mo-
tor 5 is added to a torque output from the output gear 9.
The combined torque is transmitted from the differential
gear unit 13 to driving wheels 18 via right and left drive
shafts 17.
[0028] The first motor 4 and the second motor 5 are
connected to a power supply device 19 that includes an
inverter, a converter, a battery, and the like. This enables
hybrid traveling in which the second motor 5 is driven by
electric power generated by the first motor 4, electric
traveling (EV traveling) in which both the motors 4, 5 are
driven by electric power of the battery, and engine startup
in which the engine 3 is cranked with the first motor 4.
[0029] An electronic control unit (ECU) 20 is provided
for controlling the engine 3, the power supply device 19,
the clutches CL1, CL2, and the brake B1. The ECU 20
is composed mainly of a microcomputer, and is config-
ured to perform calculations using input data, data stored
in advance, and the like and output results of the calcu-
lations as control command signals. The ECU 20 is an
example of a controller in the embodiment. The ECU 20
may be configured to collectively control the engine 3,
the power supply device 19, and the like, or may be an
electronic control device provided for each of the engine
3, the power supply device 19, or each engagement
mechanism. Further, the ECU 20 may be a control device
integrating these individual electronic control devices. An
example of the ECU 20 is shown by a block diagram in
FIG. 2.
[0030] In the example shown in FIG. 2, the ECU 20 is
composed of an integrated ECU 21, an MG_ECU 22 for
controlling the motors 4, 5, an engine ECU 23, and a
clutch ECU 24 for controlling the clutches CL1, CL2. Ex-
amples of data input to the integrated ECU 21 from var-
ious sensors (not shown) mounted on the vehicle include
a vehicle speed, an accelerator operation amount that is
a depression angle (depression amount) of an acceler-
ator pedal (not shown), a rotational speed of the first mo-
tor (MG1) 4, a rotational speed of the second motor
(MG2) 5, an engine rotational speed, an output rotational
speed, a stroke amount of each clutch CL1, CL2 in an
engagement direction, a temperature of the battery, a
temperature of the power supply device including an in-
verter and a converter, a temperature of the first motor
4, a temperature of the second motor 5, a temperature
of lubricating oil (ATF), a state of charge (SOC) of the
battery, and so forth.
[0031] Examples of the command signal output from
the integrated ECU 21 include a command signal for the
first motor 4 and a command signal for the second motor
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5, which are input to the MG_ECU 22, an engine com-
mand signal input to the engine ECU 23, and a CL1 com-
mand signal and a CL2 command signal for instructing
engagement and disengagement of the clutches CL1,
CL2, which are input to the clutch ECU 24. The MG_ECU
22 performs control to cause the motors (MG1, MG2) 4,
5 to function as motors or generators based on the input
command signals, and to instruct torques and rotation
directions of the motors 4, 5. The engine ECU 23 controls
an opening degree of an electronic throttle valve (not
shown) and an ignition timing, an opening degree of an
EGR valve that controls an exhaust gas circulation rate,
and a valve timing of an intake valve or an exhaust valve
(not shown). The clutch ECU 24 controls an actuator of
the first clutch CL1 and an actuator of the second clutch
CL2 based on the input command signals.
[0032] In the power split device 6 described above, a
torque transmission path changes in accordance with en-
gagement or disengagement of the clutches CL1, CL2,
and the brake B1, and a drive torque corresponding to
the torque transmission path can be obtained. In addition,
the power split device 6 can set the engine rotational
speed. The travel modes that are set in accordance with
engagement or disengagement of the clutches CL1, CL2,
and the brake B1 are collectively shown in FIG. 3. In FIG.
3, a mark "d" indicates engagement, and a mark "-" in-
dicates disengagement. The HV (hybrid) travel mode
shown in FIG. 3 is a mode in which the engine 3 is driven
for traveling, and the EV (electric) travel mode is a mode
in which electric power of the power supply device 19 is
used for traveling.
[0033] The travel modes set in accordance with en-
gagement or disengagement of the clutches CL1, CL2
that can be actively controlled are the following four
modes, that is, a high mode that is a shift mode set by
engaging only the second clutch CL2, a low mode that
is another shift mode set by engaging only the first clutch
CL1, a direct-coupling (fixed gear stage) mode set by
engaging both the first and second clutches CL1, CL2,
and a separation (single) mode set by disengaging both
the first and second clutches CL1, CL2. Operation states
in the four travel modes are shown by collinear diagrams
in FIGS. 4A to 4D. FIG. 4A shows the high mode, FIG.
4B shows the direct-coupling mode, FIG. 4C shows the
low mode, and FIG. 4D shows the separation mode. In
FIGS. 4A to 4D, each solid line indicates an operation
state in the HV travel mode in which the engine 3 is driven
while the engine 3 and the driving wheels 18 are con-
nected so that torque can be transmitted, and each bro-
ken line indicates an operation state in the EV travel mode
in which the hybrid vehicle 1 travels with the motor 4 or
5 while the engine 3 is stopped.
[0034] Each of the high mode in the HV travel mode
(HV Hi mode) and the low mode in the HV travel mode
(HV Lo mode) is a travel mode in which the power split
device 6, together with the first motor 4, functions as an
electrically-driven continuously variable speed change
mechanism, and the engine rotational speed is controlled

with the first motor 4. A difference between the terms
high (Hi) and low (Lo) is a difference in magnitude of a
reaction torque generated by the first motor 4. In the high
mode, the reaction torque of the first motor 4 is large with
respect to the torque output from the engine 3. In the low
mode, the reaction torque of the first motor 4 is small with
respect to the torque output from the engine 3. The ro-
tational speed of the first motor 4 becomes higher or lower
than the engine rotational speed depending on the vehi-
cle speed, a required drive force, and the like, in order
to set the engine rotational speed to a rotational speed
with good fuel efficiency or to a rotational speed satisfying
a drive request. Accordingly, a line indicating an opera-
tion state of the first planetary gear mechanism 7 in the
high mode shown in the collinear diagram is inclined with
respect to a base line indicating the rotational speed "0"
in the collinear diagram, and a line indicating an operation
state of the second planetary gear mechanism 8 is par-
allel to the base line. That is, a rotational speed of the
ring gear 7R of the first planetary gear mechanism 7 and
an output rotational speed (a rotational speed of the out-
put gear 9) are always the same. Although a rotational
speed of the pinion gears 8P of the second planetary
gear mechanism 8 is the same as the output rotational
speed, a rotational speed of the pinion gears 7P of the
first planetary gear mechanism 7 is higher than the rota-
tional speed of the ring gear 7R (or the output gear 9).
[0035] On the other hand, the operation states of the
planetary gear mechanisms 7, 8 in the low mode are
each represented by a single straight line that is an in-
clined line extending upward and rightward or extending
upward and leftward with respect to the base line. Thus,
the rotational speed (absolute rotational speed) of the
pinion gears 7P of the first planetary gear mechanism 7
is higher than the rotational speed (absolute rotational
speed) of the ring gear 7R of the first planetary gear
mechanism 7 and the sun gear 8S of the second plane-
tary gear mechanism 8. Further, the rotational speed (ab-
solute rotational speed) of the pinion gears 8P of the sec-
ond planetary gear mechanism 8 is higher than the rota-
tional speed (absolute rotational speed) of the sun gear
7S of the first planetary gear mechanism 7. That is, the
output rotational speed and the rotational speed of the
ring gear 7R of the first planetary gear mechanism 7 can
be different. Note that in either the high mode or the low
mode, the gear ratio corresponding to the rotational
speed ratio between the carrier 7C and the ring gear 8R
is larger or smaller than "1".
[0036] In the direct-coupling mode, in contrast to the
high mode and the low mode, both the two clutches CL1,
CL2 are engaged and the power split device 6 is inte-
grated as a whole. Therefore, the rotational speed of the
engine 3 (the carrier 7C of the first planetary gear mech-
anism 7) is the same as the rotational speed of the output
gear 9 (the ring gear 8R of the second planetary gear
mechanism 8). Also, the rotational speeds of the pinion
gears 7P, 8P are the same as those of the other rotating
elements. That is, the gear ratio corresponding to the
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rotational speed ratio between the carrier 7C and the ring
gear 8R is "1". Alternatively, the rotational speed of the
engine 3 and the rotational speed of the driving wheels
18 have a one-to-one relationship.
[0037] In the embodiment described here, the travel
mode is switched among the above travel modes in a
predetermined order. Specifically, the travel mode is
switched between the direct-coupling mode and the sep-
aration mode by way of either the high mode or the low
mode. This is, for example, based on a configuration of
a shift mechanism (shift unit), and in the example, the
actuator that causes each of the clutches CL1, CL2 to
be switched is composed of a cam mechanism that is
driven by a single motor. FIG. 5 is a diagram for illustrating
the example, in which a cylinder 26 rotated by the motor
25 is developed in a plane. An outer peripheral surface
of the cylinder 26 is provided with two cam grooves 27a,
28a along a circumferential direction, and cam followers
27b, 28b are engaged with the cam grooves 27a, 28a,
respectively. The cam groove 27a and the cam follower
27b correspond to, for example, the first clutch CL1, and
the cam follower 27b is connected to the first clutch CL1.
[0038] As described above, the first clutch CL1 is a dog
clutch. With forward and backward movement of movable
teeth of the first clutch CL1 with respect to fixed teeth,
the movable teeth and the fixed teeth mesh with each
other so that the first clutch CL1 is engaged, and the
movable teeth are separated from the fixed teeth so that
the first clutch CL1 is disengaged. The cam follower 27b
is connected to the movable teeth. Similarly, the other
cam groove 28a and the cam follower 28b correspond
to, for example, the second clutch CL2, and the cam fol-
lower 28b is connected to the second clutch CL2. As
described above, the second clutch CL2 is a dog clutch.
With forward and backward movement of the movable
teeth with respect to the fixed teeth, the movable teeth
and the fixed teeth mesh with each other so that the sec-
ond clutch CL2 is engaged, and the movable teeth are
separated from the fixed teeth so that the second clutch
CL2 is disengaged. The cam follower 28b is connected
to the movable teeth.
[0039] Each of the cam grooves 27a, 28a are formed
on the outer peripheral surface of the cylinder 26 so as
to meander in an axial direction of the cylinder 26, in order
to enable the cam followers 27b, 28b to move back and
forth in the axial direction of the cylinder 26. Specifically,
the cam groove 27a meanders such that its position
changes between the right and the left in FIG. 5 every
180 degrees, while the cam groove 28a also meanders
such that its position changes between the right and the
left in FIG. 5 every 180 degrees, although shifted in phase
from the cam groove 27a by 90 degrees. A location (a
position of a rotational angle of the cylinder 26) at which
both the cam grooves 27a, 28a are offset to the left in
FIG. 5 is a direct-coupling position for setting the direct-
coupling mode. One of two positions shifted in phase
from the direct-coupling position by 90 degrees is a pre-
determined shift position (high position) for setting the

high mode. In this position, the cam groove 27a is offset
to the right in FIG. 5, and the cam groove 28a is offset
to the left in FIG. 5. Thus, the first clutch CL1 is disen-
gaged and the second clutch CL2 is engaged so that the
high mode is set.
[0040] The other position shifted in phase from the di-
rect-coupling position by 90 degrees in the other direction
is another shift position (low position) for setting the low
mode. In this position, the cam groove 27a is offset to
the left in FIG. 5 and the cam groove 28a is offset to the
right in FIG. 5. Therefore, the first clutch CL1 is engaged
and the second clutch CL2 is disengaged so that the low
mode is set. A position that is shifted in phase by 180
degrees from the direct-coupling position for setting the
direct-coupling mode is a separation position for setting
the separation mode (single mode). In this position, both
the cam grooves 27a, 28a are offset to the right in FIG.
5. Accordingly, both the clutches CL1, CL2 are disen-
gaged so that the separation mode is set.
[0041] Therefore, in the shift mechanism configured
as shown in FIG. 5, the shift position for setting the high
mode or the shift position for setting the low mode is
interposed between the direct-coupling position and the
separation position. The travel mode is switched between
the high mode and the low mode by way of either the
high mode or the low mode. That is, sequential shifting
is performed. In other words, when the travel mode is
switched between the direct-coupling mode and the sep-
aration mode, a switching path can be selected. This sit-
uation is schematically shown in FIG. 6. In FIG. 6, thick
double-headed arrows extending in a right-left direction
and thick double-headed arrows extending in an up-down
direction indicate directions of mode transition that is per-
formed in a normal condition with no abnormality. In FIG.
6, thin one-headed arrows indicate directions of mode
transition that is performed in an abnormal condition that
causes the engine 3 to stop. In particular, the arrow with
a cross indicates a mode transition that is not performed
(that is prohibited). As shown in FIG. 6, the direct-cou-
pling mode and the separation mode are positioned on
a so-called diagonal line. When the travel mode is
switched from one of the direct-coupling mode and the
separation mode to the other, the switching path needs
to follow a rectangle in FIG. 6 clockwise or counterclock-
wise. Thus, although temporarily, control for setting the
low mode or the high mode is performed.
[0042] In the above-described direct-coupling mode,
the vehicle speed and the engine rotational speed have
the one-to-one relationship, so the vehicle speed de-
creases as the engine rotational speed decreases. Thus,
if the rotation of the engine 3 is stopped for some reason
while the hybrid vehicle 1 is traveling with the engine 3
being driven, it is necessary to cancel the direct-coupling
mode and shift the travel mode to another travel mode.
In that case, the travel modes to be set by switching can
be selected. Therefore, the control device in the embod-
iment of the invention performs control for switching the
travel mode as follows.
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[0043] FIG. 7 is a flowchart for illustrating an example
of the control, and the control is performed by the ECU
20 described above. The control shown in FIG. 7 is per-
formed while the hybrid vehicle 1 is traveling with the
engine 3 and the driving wheels 18 connected so that
torque can be transmitted, that is, while the hybrid vehicle
1 is traveling in the HV travel mode. First, it is determined
whether a failure has been detected (step S1). Here, the
failure means a situation in which the engine 3 is stopped
or a request to stop the engine 3. Since it is normal to
continue the operation of the engine 3, detection of the
failure means, in short, detection of an abnormal state or
an emergency state.
[0044] When a negative determination is made in step
S1, the engine 3 is not stopped, so the routine in FIG. 7
is terminated without performing any particular control.
In contrast, when a positive determination is made in step
S1, it is determined whether the direct-coupling mode
described above is set (step S2). The direct-coupling
mode is a travel mode in which the engine 3 and the
driving wheels 18 are connected so that torque can be
transmitted with their rotational speeds having a one-to-
one relationship. Thus, when the engine 3 stops, the hy-
brid vehicle 1 also stops. That is, while the hybrid vehicle
1 is traveling using the engine 3 with the travel mode set
to the direct-coupling mode, it is not allowed to stop the
engine 3. Thus, in step S2, it is determined whether a
condition that does not allow the rotation of the engine 3
to stop is satisfied. When a negative determination is
made in step S2, it is considered that such a condition is
not satisfied. In that case, the routine in FIG. 7 is termi-
nated without performing any particular control.
[0045] In contrast, when a positive determination is
made in step S2, it is considered that the condition that
does not allow the rotation of the engine 3 to stop is sat-
isfied, so the mode transition to the travel mode in which
such a condition is not satisfied is performed (step S3).
As described with reference to the collinear diagrams of
FIGS. 4A to 4D, in the travel mode other than the direct-
coupling mode, even if the rotation of the engine 3 (the
carrier 7C of the first planetary gear mechanism 7) stops,
the output gear 9 (ring gear 8R of the second planetary
gear mechanism 8) is rotated so that traveling can be
continued. In step S3, control for switching the travel
mode to the travel mode other than the direct-coupling
mode is started so that the traveling can be continued
even when the engine 3 is stopped. Thereafter, the en-
gine 3 is stopped and the routine in FIG. 7 is ended. Thus,
the control in step S3 is an example of mode setting con-
trol in the embodiment.
[0046] The control for stopping the engine 3 includes
stopping fuel supply, stopping ignition, etc. In the hybrid
vehicle 1 having a powertrain shown in FIG. 1, the rota-
tional speed of the engine 3 can be controlled with the
first motor 4. Thus, when the above-described abnormal-
ity occurs, it is possible not to stop the engine 3 immedi-
ately, but to maintain the rotation of the engine 3 for a
short period of time with, for example, the first motor 4

and then to stop the rotation of the engine 3. Therefore,
in the control shown in FIG. 7, at the time of starting the
mode transition control for switching the travel mode, the
engine 3 is left rotating, and after the control is started,
the engine 3 is stopped. With such a control, at the time
when the engine 3 is stopped, the travel mode has been
switched or is being switched to the travel mode other
than the direct-coupling mode. In this state, at least the
direct-coupling mode is cancelled, and the hybrid vehicle
1 can travel even if the engine 3 is stopped. Therefore,
it is possible to suppress a situation where the rotational
speed of the rotating member in the powertrain such as
the power split device 6 is excessively decreased by the
engine 3 and a situation where vibration increases ac-
cordingly. In other words, the mode transition may be
started before such a situation occurs.
[0047] In the hybrid vehicle 1 having the powertrain
shown in FIG. 1, there are the plurality of modes to which
the travel mode can be transitioned from the direct-cou-
pling mode. Depending on the travel mode that is actually
set, among the plurality of travel modes, the rotational
speeds of the rotating members such as the power split
device 6, the motor 4, etc., may vary. Also, when the
travel mode is transitioned from the direct-coupling mode
to the separation mode, the switching by way of the low
mode and the switching by way of the high mode can be
selected. Thus, the mode transition control in step S3
described above may be performed so that the rotational
speed of the predetermined rotating member does not
increase excessively, and specifically, the control may
be performed as shown in FIG. 8.
[0048] FIG. 8 is a flowchart for illustrating a control ex-
ample in which the control in step S3 of FIG. 7 is more
concretely shown. Thus, the same steps as those in the
flowchart shown in FIG. 7 are assigned with the same
reference symbols as in FIG. 7, and description thereof
will be omitted. When a positive determination is made
in step S2 based on the fact that the travel mode at the
time when the failure is detected is the direct-coupling
mode, it is determined whether the engine 3 can be
stopped in the high mode (step S31). The reason for mak-
ing the determination in step S31 is as follows.
[0049] The collinear diagrams regarding the composite
planetary gear mechanism constituting the power split
device 6 are as shown in FIGS. 4A to 4D described above.
When the pinion gears 7P of the first planetary gear
mechanism 7 and the pinion gears 8P of the second plan-
etary gear mechanism 8 are added in each of FIGS. 4A
to 4D, the pinion gears 7P of the first planetary gear mech-
anism 7 are represented by a line located further right-
ward in each of FIGS. 4A to 4D than the line indicating
the ring gear 7R of the first planetary gear mechanism 7
and the sun gear 8S of the second planetary gear mech-
anism 8 (on the opposite side of the line indicating the
ring gear 7R and the sun gear 8S from the line indicating
the carriers 7C, 8C). Further, the pinion gears 8P of the
second planetary gear mechanism 8 is represented by
a line located further leftward in each of FIGS. 4A to 4D
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than the line indicating the sun gear 7S of the first plan-
etary gear mechanism 7 (on the opposite side of the line
indicating the sun gear 7S from the line indicating the
ring gear 8R of the second planetary gear mechanism 8).
[0050] Thus, when the rotation of the engine 3 is
stopped while the hybrid vehicle 1 is traveling at a pre-
determined vehicle speed, the rotational speeds of the
pinion gears 7P, 8P increase, but the amount of increase
is larger in the low mode than in the high mode. This
means that an over-rotation is less likely to occur in the
high mode than in the low mode, in other words, it is more
likely that the engine 3 is allowed to stop in the high mode
than in the low mode. Therefore, it is first determined
whether the engine 3 can be stopped in the high mode.
Thus, step S31 is an example of determining whether
the condition that does not allow the rotation of the engine
3 to stop is satisfied in the embodiment.
[0051] When a positive determination is made in step
S31, transition control to the high mode is started (step
S32). Specifically, control for disengaging the first clutch
CL1 out of the two clutches CL1, CL2 that are engaged
in the direct-coupling mode is performed. In the example
shown in FIG. 5, this control causes the cylinder 26 to
rotate from the direct-coupling position by 90 degrees so
that the cam grooves 27a, 28a move upward in FIG. 5.
Thereafter, the engine 3 is stopped. Thus, in this case,
the high mode is an example of the travel mode in which
the "condition that does not allow the rotation of the en-
gine to stop" is not satisfied in the embodiment.
[0052] When a negative determination is made in step
S31, the travel mode is transitioned to the separation
mode via the high mode (step S33). This separation
mode is an example of the travel mode in which the "con-
dition that does not allow the rotation of the engine to
stop" is not satisfied in the embodiment. In the example
shown in FIG. 5, the cylinder 26 is rotated from the direct-
coupling position by 180 degrees so that the cam grooves
27a, 28a move upward in FIG. 5. Therefore, in the clutch-
es CL1, CL2, the first clutch CL1 is first disengaged and
then the second clutch CL2 is disengaged. Thereafter,
the engine 3 is stopped. Here, the wording "by way of
the high mode" includes a situation in which the control
command signal is output so that the engagement or dis-
engagement of the clutches CL1, CL2 corresponds to
the engagement or disengagement when the high mode
is set, but the separation mode is set before the torque
transmission state in the power split device 6 has com-
pletely become a transmission state in the high mode.
Thus, in the control example shown in FIG. 8, the control
performed in step S32 or step S33 is an example of the
mode setting control in the embodiment.
[0053] By performing the control as described above,
the engine 3 is separated from the driving wheels 18, so
that it is possible to continue traveling of the hybrid vehicle
1 and to suppress, in advance, a situation where the ro-
tational speed of either the pinion gears 7P or the pinion
gears 8P becomes excessively high, and the like. In ad-
dition, the travel mode is transitioned by way of the high

mode. Therefore, even if the high mode is temporarily
established as a transitional state and the rotational
speed of either the pinion gears 7P or the pinion gears
8P increases, it is possible to suppress the rotational
speed compared to the case where the low mode is set.
In addition, considering that the increase in the rotational
speed is temporary, it is also possible to suppress dete-
rioration in durability due to the high rotational speed.
[0054] Examples of inconvenience caused by stopping
the engine 3 while the hybrid vehicle 1 is traveling with
the engine 3 and the driving wheels 18 connected so that
torque can be transmitted include a situation where the
rotating member of the power split device 6 etc. stops, a
situation where the hybrid vehicle 1 cannot travel, and a
situation where the vibration increases, as well as a sit-
uation where the rotational speeds of the rotating mem-
bers such as the pinion gears 7P, 8P and the first motor
4 increase. For example, when the hybrid vehicle 1 is
traveling with the travel mode set to the low mode or the
high mode, an inclination angle of the line indicating the
operation state in each of the travel modes becomes
large, as shown in the collinear diagrams in FIGS. 4A to
4D. Thus, the rotational speed of either the pinion gears
7P or the pinion gears 8P and the rotational speed of the
first motor 4, etc. increase. A maximum value of each of
the rotational speeds that increases as described above
increases as the rotational speed of the output element
(that is, the ring gear 8R of the second planetary gear
mechanism 8) corresponding to the vehicle speed in-
creases.
[0055] Thus, on the assumption that the engine 3 is
stopped when the hybrid vehicle 1 is traveling with the
travel mode set to the low mode or the high mode, oc-
currence of an unallowable situation, such as a situation
where the rotational speeds of the pinion gears 7P, 8P
etc. exceed a predetermined rotational speed, means
that the condition that does not allow the rotation of the
engine 3 to stop is satisfied. In the embodiment of the
invention, the control for switching the travel mode is per-
formed even in such a case. An example of the control
is shown in a flowchart of FIG. 9.
[0056] In the control example shown in FIG. 9, it is first
determined whether a failure has been detected (step
S11). The control in step S11 may be the same as in step
S1 shown in FIG. 7. When a negative determination is
made in step S11, the routine shown in FIG. 9 is termi-
nated without performing any particular control. In con-
trast, when a positive determination is made in step S11,
it is determined whether the travel mode set at that time
is the low mode or the high mode (step S12). When a
positive determination is made in step S12 based on the
fact that the travel mode is set to the low mode or the
high mode, it is determined whether the transition control
to the travel mode other than the separation mode is be-
ing performed (step S13). In the embodiment described
here, the modes to which the travel mode can be transi-
tioned from the low mode or the high mode are the sep-
aration mode and the direct-coupling mode. Therefore,
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in step S13, it is determined whether the transition control
to the direct-coupling mode is being performed. This
"transition control is being performed" determined in step
S13 is an example of the "predetermined condition that
does not allow the rotation of the engine to stop" in the
embodiment.
[0057] When a positive determination is made in step
S13, the mode transition is stopped (step S14). As de-
scribed above, in the direct-coupling mode, the vehicle
speed decreases with the decrease in the rotational
speed of the engine 3, which may result in resonance in
the powertrain or stop of the hybrid vehicle 1. Thus, in
order to avoid such a situation, the transition to the direct-
coupling mode is not performed. Accordingly, when a
positive determination is made in step S13, the travel
mode becomes the low mode or the high mode, so that
a state in which the engine 3 and the driving wheels 18
are connected so that torque can be transmitted is main-
tained. Thus, at a high vehicle speed, the rotational
speeds of the rotating members such as the pinion gears
7P, 8P may excessively increase with the stop of the
rotation of the engine 3, whereas at a low vehicle speed,
resonance in the powertrain may occur with the stop of
the rotation of the engine 3.
[0058] It is determined whether such a situation to be
avoided occurs, that is, whether the engine 3 can be
stopped (step S15). The determination in step S15 can
be made by, for example, determining whether the vehi-
cle speed falls within a predetermined threshold range,
or calculating the rotational speed of the predetermined
rotating member based on the vehicle speed at that time
and the gear ratio according to the travel mode at that
time and determining whether the calculated rotational
speed falls within a predetermined threshold range (with-
in an allowable rotational speed).
[0059] When a positive determination is made in step
S15 based on the fact that the rotational speed of any of
the rotating members is not excessively high or reso-
nance in the powertrain does not occur even if the engine
3 is stopped, the engine 3 is stopped (step S16). There-
after, the routine shown in FIG. 9 is terminated. The con-
trol in step S16 may be the same as the control in step
S4 shown in FIG. 7. When the engine 3 is stopped, the
hybrid vehicle 1 is switched to the EV travel mode and
travels using the second motor 5 as a drive force source
or using the first motor 4 and the second motor 5 as drive
force sources. The operation states are indicated by the
broken lines in the collinear diagrams in FIGS. 4A to 4D.
[0060] In contrast, when a negative determination is
made in step S15, the transition control to the separation
mode is performed (step S17). The control performed in
step S17 is an example of the mode setting control in the
embodiment. The operation states in the separation
mode are indicated by the broken lines in FIGS. 4A to
4D. When the engine 3 is stopped, the rotation of the first
planetary gear mechanism 7 can be stopped, or the ro-
tational speeds of the rotating members of the power split
device 6 can be controlled by the first motor 4. Thus,

even when the engine 3 is stopped, it is possible not only
to continue traveling but also to suppress an excessively
high-speed rotation of any of the rotating members or
resonance in the powertrain.
[0061] When a negative determination is made in step
S13, the travel mode is being transitioned to the separa-
tion mode. Therefore, the transition control is continued
and the process proceeds to step S15 to determine
whether the engine 3 can be stopped. While the travel
mode is being switched, the rotational speed of any of
the rotating members may excessively increase or res-
onance may occur due to decrease in the engine rota-
tional speed. Therefore, in step S15, it may be deter-
mined whether such a situation occurs. Thus, when the
transition control to the separation mode is proceeding
and a positive determination is made in step S15, the
process proceeds to step S16 and the engine 3 is
stopped. In contrast, when a negative determination is
made in step S15 based on the fact that the transition to
the separation mode is not proceeding, the process pro-
ceeds to step S17 to continue the transition control to the
separation mode, and then proceeds to step S16 to stop
the engine 3.
[0062] Further, when a negative determination is made
in step S12 described above, the process proceeds to
step S18 and the same control as in steps S31 to S33
shown in FIG. 8 is performed. Then, the process pro-
ceeds to step S16 and the control to stop the engine 3
is performed. This is for suppressing inconvenience as-
sociated with the decrease in the rotational speed of the
engine 3 with the engine 3 and the driving wheels 18
connected so that torque can be transmitted, that is, for
suppressing an excessive increase in the rotational
speed of any of the rotating members or resonance.
[0063] In the control example shown in FIG. 9, the con-
dition determined in step S15 is an example of the "con-
dition that does not allow the rotation of the engine to
stop" in the embodiment. When a negative determination
is made in step S15, it is considered that the condition is
satisfied. When a positive determination is made in step
S15, it is considered that the condition is not satisfied.
[0064] In the hybrid vehicle 1 in the embodiment de-
scribed here, the separation mode can be set besides
the direct-coupling mode and the low and high modes
described above. Therefore, an abnormality that stops
the engine 3 may occur in the separation mode or an
abnormality that stops the engine 3 may occur while the
travel mode is being switched from the separation mode
to another travel mode may occur. FIG. 10 shows an
example of control performed in such a case.
[0065] In the control example shown in FIG. 10, as in
the control examples shown in FIG. 7 to 9, it is first de-
termined whether a failure has been detected while the
hybrid vehicle 1 is traveling with the engine 3 being driven
(step S21). If no failure is detected and a negative deter-
mination is made in step S21, the routine in FIG. 10 is
terminated without performing any particular control. In
contrast, when a positive determination is made in step
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S21, it is determined whether the separation mode is set
(step S22). When a negative determination is made in
step S22, the routine in FIG. 10 is terminated without
performing any particular control. In that case, the con-
trols shown in FIG. 7 to 9 may be performed.
[0066] When the separation mode is detected and a
positive determination is made in step S22, it is deter-
mined whether the mode transition control is being per-
formed (step S23). As described above, in the hybrid
vehicle 1 described here, the mode transition control is
sequential control, and the mode transition control from
the separation mode is either the switching control to the
low mode or the switching control to the high mode. This
means control of switching the travel mode to the mode
in which the engine 3 and the driving wheels 18 are con-
nected so that torque can be transmitted. When a positive
determination is made in step S23, a situation may occur
in which the rotational speed of the predetermined rotat-
ing member excessively increases or the vehicle speed
decreases with the decrease in the rotational speed of
the engine 3. Therefore, step S23 is an example of a step
of determining whether the condition that does not allow
the rotation of the engine 3 to stop is satisfied in the em-
bodiment. When a positive determination is made in step
S23, control for returning the travel mode to the separa-
tion mode is performed in order to avoid such an incon-
venient situation (step S24). The control performed in
step S24 is an example of the mode setting control in the
embodiment. Thereafter, the engine 3 is stopped (step
S25), and the routine shown in FIG. 10 is ended. When
a negative determination is made in step S23 based on
the fact that the separation mode is maintained, the proc-
ess immediately proceeds to step S25 to stop the engine
3, and then the routine shown in FIG. 10 is ended.
[0067] Therefore, in the control example shown in FIG.
10, when an abnormality that causes the engine 3 to stop
is detected while the hybrid vehicle 1 is traveling with the
engine 3 being driven and the travel mode set to the
separation mode, control for setting or maintaining the
separation mode is started before the engine 3 is
stopped. Thus, at the time when the engine 3 is stopped,
the travel mode is set to the separation mode, and the
torque transmission between the engine 3 and the driving
wheels 18 is interrupted. Therefore, it is possible to sup-
press, in advance, an excessive increase in the rotational
speed of any of the rotating members or occurrence of
resonance due to the decrease in the rotational speed.
Furthermore, the traveling of the hybrid vehicle 1 can be
maintained.
[0068] Note that the invention is not limited to the em-
bodiment described above. The transmission mecha-
nism that can switch the travel mode among the plurality
of modes is not limited to the power split device shown
in FIG 1, and may be, for example, the transmission
mechanism with the configuration described in JP 2017
-7437 A. Also, the modes to which the travel mode can
be set are not limited to the four modes described above,
and the travel mode can be set to a mode other than the

four modes. Further, in the invention, the abnormality that
causes the engine to stop is a mechanical or electrical
abnormality such as a mechanical abnormality in the en-
gine itself, an abnormality in a control system that controls
the engine, an abnormality that energy regeneration us-
ing the motor (motor-generator) cannot be performed as
intended, an abnormality, in the electronic control device,
that energy regeneration using the motor-generator can-
not be performed as intended due to the amount of elec-
tricity stored in the battery larger than designed, and an
abnormality in the battery itself. In short, the abnormality
means a state in which it is not preferable to continue the
operation of the engine. In addition, the shift unit in the
embodiment is not limited to a shift unit that performs a
sequential mode transition with a mechanical configura-
tion, and may be configured to perform a sequential mode
transition in terms of control. Further, the embodiment
provides an advantage that the vehicle can continue
traveling when the engine is stopped due to some ab-
normalities. However, needless to say, to continue
traveling is not an essential requirement, and the
traveling of the vehicle may be prohibited when the en-
gine is stopped due to some abnormalities.

Claims

1. A control device for a hybrid vehicle (1), the hybrid
vehicle (1) including an engine (3), a driving wheel
(18), a transmission mechanism (6) configured to
selectively set a plurality of travel modes with differ-
ent relationships between a rotational speed of the
engine (3) and a rotational speed of the driving wheel
(18), and a motor (4) connected to the transmission
mechanism (6) and configured to control the rota-
tional speed of the engine (3) via the transmission
mechanism (6), the control device comprising:

a controller (20) configured to control the trans-
mission mechanism (6),
the controller (20) being configured to detect an
abnormality that causes a rotation of the engine
(3) to stop while the hybrid vehicle (1) is traveling
with the engine (3) being driven;
the controller (20) being configured to determine
whether a predetermined condition that does not
allow the rotation of the engine (3) to stop is sat-
isfied when the abnormality is detected;
the controller (20) being configured to start,
when determining that the predetermined con-
dition is satisfied, mode setting control for setting
the travel mode that is set by the transmission
mechanism (6) to a travel mode in which the
predetermined condition is not satisfied; and
the controller (20) being configured to stop the
rotation of the engine (3) after the mode setting
control is started.
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2. The control device for a hybrid vehicle (1) according
to claim 1, wherein the transmission mechanism (6)
includes a power split device that performs differen-
tial operation with a plurality of rotating elements in-
cluding a first rotating element (7C) to which the en-
gine (3) is connected, a second rotating element (7S)
to which the motor (4) is connected, and a third ro-
tating element (8R) to which the driving wheel (18)
is connected.

3. The control device for a hybrid vehicle (1) according
to claim 2, wherein:

the transmission mechanism (6) includes a first
engagement mechanism (CL1) that is engaged
to set a rotational speed ratio between the first
rotating element (7C) and the third rotating ele-
ment (8R) with rotation of the second rotating
element (7S) stopped, to a predetermined first
gear ratio, and a second engagement mecha-
nism (CL2) that is engaged to set the rotational
speed ratio between the first rotating element
(7C) and the third rotating element (8R) with the
rotation of the second rotating element (7S)
stopped, to a predetermined second gear ratio;
and
the travel modes include a direct-coupling
mode, a first shift mode, a second shift mode,
and a separation mode, the direct-coupling
mode being a mode in which the first engage-
ment mechanism (CL1) and the second engage-
ment mechanism (CL2) are engaged and the
rotational speed ratio between the first rotating
element (7C) and the third rotating element (8R)
is 1, the first shift mode being a mode in which
only the first engagement mechanism (CL1) is
engaged and the rotational speed ratio is set to
the first gear ratio, the second shift mode being
a mode in which only the second engagement
mechanism (CL2) is engaged and the rotational
speed ratio is set to the second gear ratio, and
the separation mode being a mode in which both
the first engagement mechanism (CL1) and the
second engagement mechanism (CL2) are dis-
engaged not to allow the engine (3) to transmit
torque to the third rotating element (8R).

4. The control device for a hybrid vehicle (1) according
to claim 3, wherein:

the transmission mechanism (6) includes a plu-
rality of rotating members including the first ro-
tating element (7C), the second rotating element
(7S), and the third rotating element (8R);
the predetermined condition that does not allow
the rotation of the engine (3) to stop is that a
rotational speed of at least one rotating member,
out of the rotating members, exceeds a prede-

termined allowable rotational speed when the
engine (3) stops; and
the travel mode in which the predetermined con-
dition is not satisfied is a travel mode in which
even when the engine (3) stops, the rotational
speed of none of the rotating members exceeds
the predetermined allowable rotational speed.

5. The control device for a hybrid vehicle (1) according
to claim 3 or 4, wherein the predetermined condition
that does not allow the rotation of the engine (3) to
stop is that the direct-coupling mode is set.

6. The control device for a hybrid vehicle (1) according
to any one of claims 3 to 5, wherein the travel mode
in which the predetermined condition is not satisfied
is the separation mode.

7. The control device for a hybrid vehicle (1) according
to claim 3 or 4, wherein:

the transmission mechanism (6) includes a shift
unit that switches the travel mode;
the shift unit includes a direct-coupling position
for setting the direct-coupling mode, a first shift
position for setting the first shift mode, a second
shift position for setting the second shift mode,
and a separation position for setting the sepa-
ration mode, and the shift unit is configured such
that the first shift position and the second shift
position are interposed between the direct-cou-
pling position and the separation position, and
the travel mode is switched between the direct-
coupling position and the separation position by
way of either the first shift position or the second
shift position;
the controller (20) is configured to control, when
the travel mode is switched from the direct-cou-
pling mode to the separation mode in response
to detection of the abnormality, switching of the
shift unit such that the travel mode is switched
by way of a shift position, out of the first shift
position and the second shift position, in which
the predetermined condition is not satisfied.

8. The control device for a hybrid vehicle (1) according
to any one of claims 3, 4 and 7, wherein:

the predetermined condition that does not allow
the rotation of the engine (3) to stop represents
a state in which switching from a travel mode,
out of the travel modes, other than the direct-
coupling mode to another travel mode is being
performed; and
the travel mode in which the predetermined con-
dition is not satisfied is a travel mode, out of the
travel modes, other than the direct-coupling
mode.
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9. The control device for a hybrid vehicle (1) according
to claim 2, wherein:

the transmission mechanism (6) includes a plu-
rality of rotating members including the first ro-
tating element (7C), the second rotating element
(7S), and the third rotating element (8R);
the predetermined condition that does not allow
the rotation of the engine (3) to stop represents
that a rotational speed of at least one rotating
member, out of the rotating members, exceeds
a predetermined allowable rotational speed
when the engine (3) stops; and
the travel mode in which the predetermined con-
dition is not satisfied is a travel mode in which
the rotational speed of none of the rotating mem-
bers exceeds the predetermined allowable ro-
tational speed even when the engine (3) stops.

10. The control device for a hybrid vehicle (1) according
to claim 5 or 6, wherein:

the transmission mechanism (6) includes a shift
unit that switches the travel mode;
the shift unit includes a direct-coupling position
for setting the direct-coupling mode, a first shift
position for setting the first shift mode, a second
shift position for setting the second shift mode,
and a separation position for setting the sepa-
ration mode, and the shift unit is configured such
that the first shift position and the second shift
position are interposed between the direct-cou-
pling position and the separation position, and
the travel mode is switched between the direct-
coupling position and the separation position by
way of either the first shift position or the second
shift position; and
the controller (20) is configured to control, when
the travel mode is switched from the direct-cou-
pling mode to the separation mode in response
to detection of the abnormality, switching of the
shift unit such that the travel mode is switched
by way of a shift position, out of the first shift
position and the second shift position, in which
the predetermined condition is not satisfied.

11. A method for controlling a hybrid vehicle (1), the hy-
brid vehicle (1) including an engine (3), a driving
wheel (18), a transmission mechanism (6) config-
ured to selectively set a plurality of travel modes with
different relationships between a rotational speed of
the engine (3) and a rotational speed of the driving
wheel (18), a motor (4) connected to the transmis-
sion mechanism (6) and configured to control the
rotational speed of the engine (3) via the transmis-
sion mechanism (6), and a controller (20) configured
to control the transmission mechanism (6), the meth-
od comprising:

detecting, by the controller (20), an abnormality
that causes rotation of the engine (3) to stop
while the hybrid vehicle (1) is traveling with the
engine (3) being driven;
determining, by the controller (20), that a prede-
termined condition that does not allow rotation
of the engine (3) to stop is satisfied, when the
controller detects the abnormality;
starting, by the controller (20), mode setting con-
trol for setting a travel mode that is set by the
transmission mechanism (6) to a travel mode in
which the predetermined condition is not satis-
fied, when it is determined that the predeter-
mined condition is satisfied; and
stopping, by the controller (20), the rotation of
the engine (3) after the mode setting control is
started.
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