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(57) Abstract: A vehicle control device that controls a
vehicle (1) including a first electric motor (MG2) that is
driven at a rotation speed (Ne2) synchronized with a rota-
tion speed of a drive shaft (15) of the vehicle includes an
electronic control unit (17). The electronic control unit
(17) is configured to carry out first determination (172) that
determines Whether the rotation speed of the first electric
motor (MG2) is lower than or equal to a first threshold
(N1) and whether a stop operation that stops the vehicle is
being carried out, and to carry out second determination
(172) that the vehicle (1) is stopped when the electronic
control unit (17) has determined in the first determination
that the rotation speed of the first electric motor (MG2) is
lower than or equal to the first threshold and the stop oper-
ation is being carried out:.
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VEHICLE CONTROL DEVICE

BACKGROUND OF THE INVENTION

‘ 1. Field of the Inventlon

- [0001]  The invention relates to, for example, a technical ﬁeld of a vehicle control

device that controls a vehicle including an electric motor.

2. Descrlptlon of Related Art

[0002] In recent years, a vehlcle including an electric motor (a so- called motor)

- has become a focus of attention. As an example of such a vehicle 1nclud1ng an electrie

motor, there is known a(‘ hybrid vehicle including both an electric motor and an internal
combustion engine (see, for example, Japanese Patent Application ‘Publication No.
2006-288051 (JP 2006-288051 A)). In addition, as such a vehicle including an electric

motor, there is known an electric vehicle including an electric motor but not including an

" internal combustion engine (see, for example, Japanese Patent Application Publication No.

7-241002 (JP 7-241002 A)).

[0003] | JP 2006-288051 A descrlbes a technique for, 'in the thus conﬁgured hybrid
vehicle, executlng three- phase short-circuit control over the electric motor in order to early
stop rotation of the mtemal combustion engine when' the rotation speed of the internal
combustion engine is lower than a predetermmed rotation speed.

- [0004]  JP 7-241002 A describes a technique for, in the thus conﬁgured electric
vehlcle setting all the sw1tch1ng elements in one of two dlfferent types of switching
elements to an off state and setting at least one of the switching elements in the other one
of the two different types of switching elements to an on state in order to carry out
detection of a ground fault. The switching elements constitute an inverter that supplies
electric power to the electric motor.

[0005]  In the technique described in JP 7-241002 A, the states of the switching

" elements are fixed at the time of carrymg out an operatlon to carry out detection of a

ground fault, so it is desirable that the electric motor be stopped. Thus, at the time of
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carrying out an operation to carry out detection of a ground fault by using the technique
described in JP 7-241002 A, it is desirable that the vehicle be stoppeel. That is, at the time
of carrying out an operation to carry out detection of a ground fault by using the technique
describedv in JP 7-241002 A, 1t is desirable to perform an operation to determine whether
the vehicle is stopbed before an operation to carry out detection of a ground .fault is carried
out. In other words, after it is determined that the vehicle is's‘topped, it is desirable to
perform an operation to carry oet detection of a ground fault by using the technique
described in JP 7-241002 A. |
‘ [0006] / Therefore; as the operation to determine whether the vehicle is stopped, it
is conceivable that an opefation to determine whether the rotation speed of they internal
combustion. engine is fower than a predeterfnined rotation speed- (that is,., the technique
described in JP ‘2006-288051 A) may be used. The "rotation speed Qf ‘the internal
combustion engine" that is used as a determination criterion as to whether the vehicle is
stopped is typically calculated on the basis of an output of a crank angle sensor. However,
eensidering the accuracy of the rotation speed of the internal combustion engine, which is
calculated from the output of vthe crank angle sensor, there arises a technical problem that it
is difficult to highly accurately determine whether the vehicle is stopped on-the basis of the
retation speed of the internal combustion ehgihe. ‘For example, there arises a technical
problem that it may be erroneously deterr_niﬁed that the vehicle is stopped because of, for
example, an accuracy error of the rotation speed of the internal combustion engine, which
is calculated from the output of the crank angle sensor, although the vehicle is not stopped.
[0007] - The above-described technical problems wiH be described in detail below.

That is, the above-described technical problems can arise not only when the operation to

determine whether the vehicle is stopped is carried out in association with the operation to

carry out detection of a ground fault by using the technique described in JP 7-241002 A but

also when the operation to determine whether the vehicle is stopped is carried out.

SUMMARY OF THE INVENTION

[0008] A task that the invention is intended to solve includes the above-described
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ones as examples. The invention provides a vehicle control device that is able to highly
accurately determine whether the vehicle is stopped.

- [0009]  An aspect of the invention provides a vehicle control device that controls a
vehigle including a first electric motor that is driven at a rotation speed synchronized with
a rotation speed of a drive shaft of the vehicle. The vehicle control device includes an
eléctronic control unit described as follows. That is, the electronic control unit is
conﬁgﬁred to carry out ﬁrst.deten“rliﬁation as to whether the rotation speed ‘of the first
electric motor is lower than or equal to a first threshold and whether a stop operation that
stops the vehicle is being carried out, and conﬁguréd to carry out second determination that
tﬁe vehicle is stopped when in the first determination the electronic control unit determines
that the rotation speed of the first eléctric motor is lower than or equal to the ﬁfst threshold
and the stop operation is being carried out.

[0010] With the thus cpﬁﬁgured vehicle control device, it is possible to control
the vehicle including the first electric motor. The first electric motor is provided in the
thicle such that the rotation speed of the first electric motor synchronizes with the
rotation speed of the drive shaft of the Vehiéle. The "state where the rotation speed of the
first electric motor synchronizes with the rétation speed of the drive shaft” means a state

where the rotation speed of the first electric motor and the rotation speed of the drive shaft

‘have a correlation. Typically, the "state where the rotation speed of the first electric

" motor synchronizes with the rotation speed of the drive shaft” means a state ‘where the

rotation speed of the first electric motor is directly proportional to the rotation speed of the
drive shaft (that is, ‘(the rotation speed of the first electric motor)xK (where K is a selected
constant) = (the fdtétion speed of the drive shaft).: The "state where the rotation épeéd of
the first electric mofor synéhronizes with the rotation speed of the dfive shaft" may be
implementéd by directly coupling the rotary shaft of the first electric motor to the drive
shaft.  Alternatively, the "state where the rotation speed of the first electric motor
synchronizes with the rotation speed of the drive shaft” may be implemented by indirectly

coupling the rotary shaft of the first electric motor to the drive shaft via any mechanical

mechanism (for example, a speed reduction gear mechanism).



10

15

20

25

WO 2015/019155 PCT/IB2014/001461

[0011]' In the thus conﬁgured vehicle control device, the electronic control unit is

configured to carry out the first determination and the second determination in order to

" determine whether the vehicle including the first electric motor is stopped.

(0012]  In the first determination, determination operation based on the rotation
speed of the first electric motor is performed. Speciﬁcally, it is determined whether the.

rotation speed of the first electric motor is lower than or equal to a first threshold. In

h addition, in the first determination, determination operation based on whether there is a

stop operation that can stop the vehicle is performed. Specifically, in the first
determjnation, it is determined whether the stop operation that stops the vehicle is being
carried out. - | |

[0013] In the second determination, it is determined whether the vehicle 18
stoppecl on the basis of the determination result of the first determination. Speciﬁcally, in
the second determination, when it is determined in the first determinaticn that the rotation
speed of the first electric motor is lower than or equal to the first threshold and the stop
operation is bcing carried out, it is determined that the vehicle is sfopped. On the other
hand, in thc second determination, when it‘is determined iﬁ the first determination that the
rotation speed of the first electric motor is not lower than or equal to the first threshold, it
may be determined that the vehicle is not stopped. -Similvarly, in the second determination,v
when it ic determined in the first determination that the stop operation is not being carr_ied
out, it may be determined that the vehicle is not stopped.

[00.14] As ‘described above, the Vehicle'controi device according to the invention-
is able to determine whether the vehicle is stopped on the basis of not only the fotétion

speed of the first electric motor but also whether there is the stop operation. Therefore,

the thus cohﬁgured vehicle control device is able to relatively highly accurately determine - -

whether the vehicle is stopped in comparison with a vehicle control device according to a
first comparative embodiment, which determines that the vehicle is stopped when ra
rotation speed of an internal combustion engine, of which detection accuracy can be lowcr
than the detection accuracy of the rotation speed of the first electric motor, is lower than or

equal to a predetermined threshold. - In addition, the vehicle control device according to
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the invention is able to relativeiy highly accurately determine whether the vehicle is
stopped in comparison with a vehicle control device according to a second comparative
embodiment, which determines that the vehicle is ’stopped when the rotation speed of the
first electric motor is lower than or equal to a predeterrﬁined threshold without determining
whether the stop operatioh is being carried out.

- [0015] In the vehicle control device, the first electric motor méy be a three-phase
alternating-current motor, the vehicle may include a pair of serially connected first
switching element and second switching element in each of the three phases of the first
electric motor, the vehicle may further include a first power converter that converts
d.irect-c‘urrent power to alternating-current power, the direct-current power being_supplied
to the first electric motor. The electronic control unit may be configured to execute first
control that controls the ﬁfst power converter such that a state of the first power converter
is set to a specific state where one of the set of first swit‘ching elements all and the set of
second switching elements all are in an off state and at least one switching element of the
other one of the éet' of first switchingvelements and the set of second switching elements is
in’an on state, when the electronic control unit has carried out the second determination
that the vehicle is stopped.

[0016] In the control device, the first electric motor, which is a three-phase'
alternating-Currént motor, is driven with electric power that is supplied from the first f)ower
conveﬁer (that is, alternating-current power).

[0017] In order to supply electric power to the first electric n;otor, which is a
three-phase alternating-current motor, the first power converter includes the pair of serially
connected first sWitching elément (for example, the switching element electﬁcally
connected between a high-voltage-side terminal of a power supply and the first electric

motor) and second switching element (for example, a switching eleinent electrically

- connected between a low-voltage-side terminal of the power supply and the first electric

motor) in each of the three phases. That is, the first power converter includes the first and
second switching elements arranged in the U phase, the first and second switching

elements arranged in the V phase and the first and second switching elements arranged in
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the W phase.
[0018] = Particularly, the electronic control unit includes first control that controls

the first power converter. In the first control, the first power converter may be controlled

such that the state of the first power converter bécomes the specific state (typically, the

state of the first power converter is fixed to the specific state) when in the second
determination the electronic control unit determines that the vehicle is stopped. Here, the
"specific state" is a state where one of the set of first switching elements and the set of
second switching elements all aré in an off state (that is, an interrupted state) and at least
one of the other one of the set of first switching elements and the set of second- switching
elements is in an on state (that is, a connected state). |
[0019]  Here, when the state of the first power converter is the speciﬁc state, there
is a concern that electric power required to cause the vehicle to travel is not supf)lied from
the first power converter to the first electric rﬁotor. . In this aspect, in the first control, it 1s
possible to control the first power converter such that the state 'of the first power converter
becomes the specific state (typically, the state of the first power converter is fixed to the |

specific state) when in the second determination the electronic control unit determines that

the vehicle is 'stop'ped. Particularly, because it is possible to highly accurately determine

in the second determination that the vehicle is stopped as described above, the first control -
is able to control the first power converter such that the state of the first power converter
becomes the specific state when the vehicle is exactly stopped. ; That is, the first control is
able to controi the first power converter such that the state of the first f)oWer_ converter
becomes thé' specific state at the timing at which there is no concern that the state of the
first power converter does not influence running of the vehicle.

- [0020]  In the thus conﬁgured vehicle control device including the first control,

the vehicle may further include a ground fault detector that detects a ground fault in an

electrical system including the first electric motor. The electronic control unit may be
configured to control the first power converter such that the state of the first power
converter becomes the specific state when the electronic control unit has carried out the

second determination that the vehicle is stopped and configured to control the ground fault
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detector such that the ground fault detector carries out detection of the ground fault when
the state of the first power converter is the specific state.

[0021] In the thus configured vehicle control device, the ground fault detector is .
able to detect a ground fault in pért or all of the electrical system including the first electric
motor (for example, the electricai system from the powér supply to the first electric motor
via the power converter). The ground fault detector, typically, may detect whether there
is a ground fault by detecting fluctuations ih the state of the electrical system due to

whether there is a ground fault in the electrical system with any method. For example,

because of whether there is a ground fault in the electrical system, the impedance in the

electrical system can fluctuate by the‘amount of the impedance of a ground fault path that
is formed as a result of a grouhd fault. Thus, the ground fault detector may detect
whether there is a ground fault by detecting fluctuations in the impedance (or fluctuations
in the potential of the electricél systerri due to fluctuations in the impedance) with any
method. |

[0022] The electronic control unit may be particularly configured to control the

ground fault detector such that the ground fault detector carries out detection of a ground

fault when the state of the first power converter is the specific state in addition to control
over the first power cbnverter in the first control. | |

[0023] When the ground fault detector is carrying out detection of the gfound
fault, the state of the first power converter preferably does not fluctuate (_in other words,
the state of the first power converter is ﬁxed). This is because there is a concern that the
ground fault detec‘for érroneously dete_éts.ﬂuctuatioﬁs in the state of the electrical system
due to fluctuations in the state of the first power converter as fluctuations in the state of the

electrical system due to a ground fault. In the first control, in order to control the first

~ power converter such that the state of the first power converter does not fluctuate, it is

preferable to highly accurately determine in the second determination whether the vehicle
is stopped (for example, to reliably determine that the vehicle is stopped when the vehicle
is actually stopped). Thﬁs, because it is possible to highly accurately determine in the

second determination whether the vehicle is stopped as described above, there is a
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relatively high possibility that the statevof the first power converter is fixed (typically, the

state of the first power converter is fixed to the specific state) while the ground fault

detector is carrying out detection of the ground fault. - Thus, the ground fault detector is
able to suitably carry out detection of the ground fault.

[0024] In the vehicle control device, the electronic control unit may be configured
to control the ground féult deteétor such that the ground fault detector carries out detection
of the ground fault, and the electronic control unit may be configured to determine that the
first electric motor is not stopped whéﬁ a stop cancellation condition is satisfied in the
vehicle after the detection is carried out. The stop céﬁéellation condition may include a
condition that the rotation speed of the first electric motor is higher than a second threshold
or a condition that the stop operation is not being carried out.

| [0025]  In the vehicle control device, the electronic control unit may be configured
to determine that the first electric motor is not stopped when the stop cancellation

condition is satisfied. The electronic control unit may be configured to cancel the specific

state and end the detection of the ground fault after determining that the first electric motor

is not stopped.

[0026] In the vehicle contfol device according to the invention, the electronic
control unit may be configured to carry out the second detefminafion that the vehicle is
stopped when a duration of a state is longer than or.equal to a p'rédetermined period, the
state being where in the first determination the electronic control unit determines that the
rotation speéd of the first electric motor is lower than or equal to the first threshold and the
stop operation is being carried out.

[0027] With the thus configured vehicle control device, it is possible to determine
whether the vehicle is stopped in the second determination on the basis of the duration of
the state where it is determined in the first determination that the rotation speed of the first
electric motor is lower than or equal to the first threshold and the stop operation is being
carried out. That is, in the second determination, when the ‘duration is longer than or
equal to the predetermined périod, it may be determined that the vehicle is stopped. On

the other hand, in the second determination, when the duration is not longer than or equal
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to the predetermined period, it may be determined that the vehicle is not stopped.

[0028] In the thus configured vehicle control device, by determining whether the
vehicle is stopped, it is possible to further highly accurately determine in the second
determination whether the vehicle is stopped. Particularly, in the second determination, it
is possible to further highly ac‘_curately determine whether the vehicle is stopped, for
example, when hunting is occurring in the rotation speed of the first electric motor (or the-.
rotation speed of the first electric motor is instabie). In terms of the point that it s
possible to suppress frequent fluctuations in the determination result as .to whether the
vehicle is stopped because of the influence of hunting, or the like (in addition, frequent
fluctuations in the state of the first power converter), the vehicle control device is able to
implement suitable detection of a ground fault with the use of the ground fault detector as
described above.

[0029] " In the Vehicle control device, the vehicle may further include a.second
electric motor coupled to the first electric motor via a power split mechanism. The
electronic control unit may be configured to further determine in the first determination
whether a rotation speed of the second electric motor is lower than or equal to a third
threshold, and configured to carry out'the second determinétion that the vehicle is stopped
when the electronic control unit determines in the first determination that the rotation

speed of the first electric motor is lower than or equal to the first threshold, the stop

‘operation is being carried out and the rotation speed of the second electric. motor is lower

than or equal to the third threshold.

[0030] With the thus configured control device, the vehicle may include the
plurality of electric motors. That is, the vehicle may include the second electric motor
coupled to the first electric motor via the power split mechanism (for example, a planetary
gear mechanlsm or the like) in addition to the first electric motor. The rotatlon speed of
the second electric motor does not need to be synchromzed with the rotation speed of the
drive shaft. |

[0031]  When the vehicle includes the second electric motor in this way, it may be

further determined in the first determination whether the rotation speed of the second
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electric motor is lower than or equal to the third threshold. In the second determination, it
may be determined whether the vehicle is stopped further on the basis of the determination

result as to whether the rotation speed of the second electric motor is lower than or equal to

the third threshold.  As will be described in detail later with reference to the drawings, in

the second determination, it may be determined whether the vehicle is stopped not on the
basis of the determinatio‘n result as to whether the rotation speed of t-he second electric
motor is lower than or equal to the third threshold. |

[0032] In this way, with the thus configured vehicle control device, in the second

determination, it is possible to highly accurately determine whether the vehicle is stopped

. even when the vehicle includes the plurality of electric motors.

[0033] In the’thus configured control device that controls the vehicle ’including
the second glectric motor, the second electric motor may be a thrée-pha_ée
alternating-current motor, thé vehicle may include a pair of serially connected third
switching element and fourth switching element in each of the'thr'ee phases of the second
electric motor, and the vehicle may further include a second power converter that converts
direct-current power to altematiﬁg-current power, the direct-current power being supplied
to the second electric motor. 'The electronic control unit may be configured to execute
second control that controls the second power converter such that a state of the second
power converter is set to.a specific state wheré one of the set of third switching elements
all' and the set of fourth switching elerﬁeqis all are in an off state and at least one sWitching
eiement of the other one of the set of third switching elements and the set of fourth
switching elements is in an on state, whén the electronic control unit has carried out the
second dctermiri’atién that the vehicle is stopped. |

[0034] With the thus configured vehicle control device, for a similar reason to
that of the above-described control device including the first control, it is possible to
control the second iaower converter in the second control such that the state of the second
power converter becomes the specific state at the timing at which there is no concern that
the state of the second power converter does not influence running of the vehicle.

[0035]  In the vehicle control device, the vehicle may further include a ground
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fault detector- that detects a ground fault in an electrical system including the second
electric motor, and the electronic control unit may be configured to execute the second
control that controls the second power converter shch that the state of the sécond power
converter becomes the specific state when the electronic control unit has determined that
the second electric motor is stopped, and configured to control the ground fault detector
such that the ground fault detector carries out detection of the ground fault when the state
of the second power converter is the specific state. |

[0036] In the vehicle control device, _the electronic control unit may be configured

to control the ground fault detector such that the ground fault detector carries out detection

of the ground fault and the electronic control unit may be conﬁgured to- determme that the
second electric motor is not stopped when a stop cancellation condition is satlsﬁed in the
vehicle after the detection is carried out. The stop cancellation condition may include a
condition that the first electric motor is not stopped or a condtition that the rotation speed of
the second electrlc motor is higher than a fourth threshold. The stop cancellation
condition may include a condition that the first electric motor is not stopped or a condition
that anengine is not stopped. The stop cancellation condition may include a conditiori
that the rotation speed of the first electric motor is higher than the second threshold, a

condition that the rotation speed of the second electric motor is higher than the fourth

~ threshold, or a condition that the stop operation that stops the vehicle is not being carried

out.

[0037]  In the vehicle control device, the electronic control unit may be configured
to cancel the specific state and end the detection of the ground fault of the second electric
motor when the stop cancellation condition is satisfied in the vehicle.

[0038] The above-described operation and advéritages of the vehicle control

device become apparent from embodiments that will be described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] = Features, advantages, and technical and industrial signi:ﬁcance of

exemplary embodiments of the invention will be described below with reference to the
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accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a block diagram that shows the configuration of a vehicle according to a first
embodiment; |

FIG. 2 is a flowchart that shows the flow of a stop determination operation according

" to the first embodiment;

- FIG. 3 is a timing chart that shows a rotation speed o'f a motor génerator, a brake
depression force, whether a ‘stop determination \condition is satisfied and a stop
determination result of tﬁe vehicle according to the first embodiment; |

FIG. 4 is a block diagram that shows the conﬁguration of a vehicle according to a
second embodiment; | |
. FIG. 5 nis a flowchart that shows the flow of é first operation eiample of a sfop
detennination operation according to the second embodiment;

FIG. 6 is a flowchart thatvshows‘ the flow of a second bperation example of the stop
determinatidn operation acco‘rding to the second embodiment; and

FIG. 7 is a flowchart that shows the flow of a third operation example of the stop

determination operation according to the second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0040] Hereinaftér, ﬁrst and second embodiments of a Vehicle control device will- ‘

be sequentially described. o .
[0041]  Initially, the ﬁfst embo.c‘liment will be described with reference to FIG. lto
FIG. 3. The configuration ofla vehicle 1 according to the first embodiment will be
described with reference to FIG. 1. FIG. 1 is-a block diagram that shows the configuration

Qf the vehicle 1 according to the first embo'diment. o

| [0042] ’ .As shown in FIG. 1, the vehicle 1 includes a direct-current power supply
11, a smoothing qap'acitor 12, an ihverter 13, a motor generator MG2; a rotation angle

sensor 14, a drive shaft 15, a drive wheel 16, an electronic control unit (ECU) 17, a brake

“sensor 18 and a grdund fault detector 19. The inverter 13 is one specific example of a

"first power converter". The motor generator MG2 is one specific example of a "first
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electric motor". The ECU 17 is one specific example of a "control device for a vehicle". -

[0043]  The dire’ct-(;urrent power éupply 11 i1s a .rechargeable electrical storage
device. The direct-current power supply 11 is, for example, a secondary battery (such as
a nickel-metal hydride battery and a lithium ion battery) or a capacitor (such as an electric
double layer capacitor and a large-capacitance capacitor).

[0044] The smoothing capacitor 12 is a voltage smoothing cépacitor connected
between the positive electrode line of the direct-current power supply 11 and the negative
electrode line of the direct-current po‘v&er supply 11.

[0045] The inverter 13 converts direct-current power (direct-current voltage),
which is supplied from the d‘irect-current powef supply 11, to alternating-current power
(three—pﬂase alternating-current voltage). . In order to convert direct-current power
(direct-current voltage) to alternating-current power (three-phase aitemating-current
voltage), the inverter 13 includes a U-phase arm, a V-phase arm and a W-phase arm. The
U-phase arm includes a positive-side switching element Q1 and a negative-side switching

element Q2. The V-phase arm includes a positive-side switching element Q3 and a

- negative-side sWitching element Q4. The W-phase arm includes a positive-side switching

element Q5 and a negativé-side‘ switching element Q6. The arms of the inverter 13 are
connected in parallel with one another between the positive electrode line and the negative
electrode line. The positive-side switching element Q1 and the negative-side switching
element Q2 are connected in series with each other betWeen the positive electrode line and
the negative electroder liﬁé.. The same applies to the positive-side switching element Q3
and the negative-side switching element Q4, and the positive;side switching elerhent Q5
and the negative-side switching element Q6. A rectiﬁer diode D1 ié connected to the
positive-side switching‘eler'nent Ql. The rectifier diode D1 flows current from the emitter
terminal of the positive-side s’witching element _Ql to the collector terminal of the
positive-side switching element Q1. Similarly, a rectifier diode D2 to a rectifier diode D6
are respectively connected to the negative-side switching element Q2 to the negative-side
switching element Q6. A midpoint between the upper arm (that is, the positive-side

switching element) and lower arm (that is, the negative-side switching element) of each of
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the three-phase arms in the inverter 13 is connected to a corresponding one of three-phase
coi-ls of the motor generator MG2. As a result, alternating-current power (three-phase

altematmg -current voltage) that is generated as a result of conversion operatlon of the

inverter 13 is supphed to the motor generator MG2

[0046] The motor generator MG2 is a three- -phase. alternatmg current motor
generator. The motor generator MG2 is driven so as to generate torque required to cause

the vehicle 1 to travel. The torque generated by the motor generator MG?2 is transmitted

" to the drive wheel 16 via the drive shaft 15 mechamcally coupled to the rotary shaft of the

motor generator MG2. The motor generator MG2 may regenerate (generate) electrlc
power during braking of the vehicle 1. |

[0047] The rotation angle sensor 14 detects the rotation speed Ne2 of the motor

~ generator MG2 (that is, the rotation speed of the rotary shaft of the motor generator MG2).

The rotation angle sensor 14 preferably directly\ detects the rotation speed Ne2 of the motor
generator MG2.  An example of the rotation angle seneor 14 is, for example, a resolver,
such as a rotary encoder. The rot»ation‘ angle sensor 14 preferably outputs the detected
rotation speed Ne2 to the ECU 17.

[0048] The ECU 17 is an electronic control unit that .controls the operation o‘f the

vehicle 1. In the first embodiment, the ECU 17 includes an inverter control unit 171 and

“a stop determination unit 172 as physical, logical or functional processing blocks. The

inverter control unit 171 is one specific example of "first control device". The stop

: detefmination unit 172 is one specific example of "first determination device" and "second

determination device".

[0049]  The inverter control unit 171 is a processing block that _eontrolé the
operation of the inverter 13. The inverter control unit 171 may control the operation of
the inverter 13 by using a known control method. For examﬁle, the inverter control unit

171 may control the operation of the inverter 13 by using a pulse width modulation (PWM)

~ control method.

[0050] " The stop determination unit 172 executes stop determination operation

that determines whether the motor generator MG2 is stopped. The stop determination
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operatioh will be described in detail later (see FIG. 2 and FIG. 3), so the detailed
description is omitted here; _
[0051] : Considering the fact that the drive shaft 15 of the vehicle 1 is coupled to
the rotary shaft of the motor generator MG2, the rotation speed bf the drive shaft 15 of the
vehicle 1 synchronizes with thé 'fotation speed NeZ of the rotary shaft of the motor

generatér MG2. For example, the rotation speed‘ of the drive shaft 15 of the vehicle 1 is

directly proporﬁonal to the rotation speed Ne2 of the rotary shaft of the motor generator

MG2. Thus, when the rotation speed Ne2 of the rotary shaft of the motor generator MG2
becomes zero as a result of a stop of the motor generator MG2, the rotation speed of the
driye shaft 15 should also become Zero. A state where the rotation speed of the drive
shaft 15 is zero is silbstantially equivalent to a state where the vehicle 1 is stopped.
Therefore, a étop of the motor generator MGZ substantially ‘corresponds to a stop of the
vehicle 1. The stop determination unit 172 may determine whether the vehicle 1 is
stopped in addition to or instead of determination as to whether the motor generator MG2
is stopped. | |

[0052] ‘The brake sensor 18 dete‘cts a brake depression force (that is, a parémeter
indicating a force depressing a foot brake) BK. The brake sensor 18 preferably outputs |
the detected brake depression force BK to the ECU 17.

[0053] The ground fault detector 19 carries out detection of é ground fault in an .
electrical syétém including the direct-current power supply 11, the smoothing capacitor 12,
the invert_er 13 and fhe motor generator MG2 (so-called motor driving system).

[0054] In order to carry out detection of a ground fault, the ground fault detector

19 includes a coupling capacitor 191, an oscillating circuit 192, a voltage detection circuit

193 and a resistor 194.

[0055] A method in which the ground fault detector 19 carries out detection of a
ground fault is as follows. Initiélly, the oscillating circuit 192 outputs a pulse signal (or
alternating-current signal) having a predetefmined frequency. The voltage detection
circuit 193 detects the voltage at a node E, which fluctuates because of the bulse signal.

Here, if there occurs a ground fault in the electrical system, a ground fault path from the
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electrical system to a chassis ground (typically, thé ground fault path is equivalent to a
circuit formed of a resistor or a circuit in which a resistor and a capacitor are connected in
parallel with each other) is formed. As a result, the pulse signal that is output from the
oscillating circuit 192 is transmitted through a path to the resistor 194,‘ the coupling
capacitor 191 and the ground fault path. The voltage of the pulse signal at the node E
receives influence on the impedance of the ground fault path (typically, the resistance value

of the resistor included in the equivalent circuit of the ground fault path). Thus, when the

voltage detection circuit 193 detects the voltage at the node E, it is possible to carry out

detection of a ground fault..
(1-2)  Flow of Stop Determination Operation according to First Embodiment

[0056] Subsequently, the flow of the stop determination operation that is executed

in the vehicle 1 according to the first embodiment (that is, the stop determination operation

that is executed by the ECU 17) will be described with reference to FIG. 2. FIG. 2 is a
flowchart that shows the flow of the stop determination operation according to the first
embodiment. ‘

[0057]  As shown in FIG. 2, the stop determination unit 172 determines whether a
predetermined stop determination condition is satisfied (step S100).

[00‘58] Tﬁé stop determination condition includes a stop determination condition

based on the rotation speed Ne2 of the motor generator MG2. In FIG. 2, as an example of

‘the stop determination condition based on the rotation speed Ne2, the condition that the

absolute value of the rotation speed Ne2 of the motor generator MG2 is lower than or equal

toa predétermined threshold N1 (that is, the relationship [Ne2| < N1'is satisﬁed) is used.
[0059] As described above, a stop of the motor generator MG2 corresponds to a

stop of the vehicle 1. Thus, the predetermined threshold N1 for determining a stop of the

motor generator MG2 may be set to an appropriate value on the basis of the rotation speed

- Ne2 of the motor generator MG2. The rotation speed Ne2 of the motor generator MG2 is

observed in a state where the vehicle 1 is stopped. For example, where a "stop of the
vehicle 1" means a state where the speed of the vehicle 1 is zero or substantially zero, the

predetermined threshold N1 may be set to a value higher than or equal to the rotation speed



10

15

© 20

25

WO 2015/019155 PCT/IB2014/001461
17

Ne2 of ‘t'he motor generator MG2. Here, the rotation speed Ne2 of the motor generator
MG2 is observed in the case where the speed of the vehicle 1 is zero.
[0060] In addition, the stop determination condition includes a stop determination

condition based on whether there is an operation that can stop the vehicle 1 (hereinafter,

~ referred to as "stop operation" where appropriate). In FIG. 2, as an example of the stop

determination condition based on whether there is the stop opération, the condition that the
brake depression force BK is larger than a predetermined threshold Pbksl (that is, the
relationship BK > Pbks]1 is satis'ﬁed) is used.

[0061] The stop operation is typically pérformed on the basis of a driver's
intention (that is, driver's \}oluntary operation). However, the stop operation may be
automatically performed irrespective of a driver's inteﬁtion (for example, automatically
under control of a controller, such as the ECU 17). A situation that the stop operation is
automaﬁcallY performed can occur in, for examplé, tﬁe vehicle 1 that'execﬁtes automatic
drive control (that is, control for autonomously causing the vehicle 1 to travel irrespeétive
of whether fhere is a driver's operation).

[0062}  The stop determination condition -shown in FIG. 2 is only illustrative.
Thus, a stop determination condition different from the stop determination condition
shown in FIG. 2 may also be used. For example, as long as.it is possible to-distinguish a
state where the vehicle 1 is stopped aﬁd a state where the vehicle 1 is not stopped from
each other on the basis of a difference in the characteristics of the rotation speed Ne2, \any

condition that utilizes a difference in the characteristics of the rotation speed Ne2 may be

used as the stop determination condition based on the rotation speed Ne2.  Similarly, as

long as it is possible.to distinguish a state where the vehicle 1 is stopped and a state where
the. vehicle 1 is not stopped from each other on the basis of a difference in the

characteristics of the stop operation, any condition that utilizes a difference in the

~ characteristics of the stop operation may be used as the stop determination condition based

on whether there is the stop operation.

[0063]  The stop determination condition based on whether there is the stop

_ operation is preferably a stop determination condition based on whether there is an
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operation that is direcﬂy intended to stop the vehicle 1. The operation that is directly
intended to stop the vehicle 1 is, for example, an operation that can apply braking fofce to
the vehicle 1 (fpr example, an action to operate a selected brake, such as a foot brake and a
side brake) and an operation that is_highly likély to be performed when the vehicle is

stopped (for example, an action to shift a shift lever to a P range, or the like). Thus, for

example, the condition that a selected brake is operated may be used as the stoi)

determination condition based on whether there is the stop operation. ~Alternatively, for
example, the condition that a braking force due to a selected brake is larger than a
‘predetermined threshold (for example, the condition that the above-described brake
depression force BK is larger than the predetermined threshold Pbks1) may be used as the
stop detertﬁination condition based on whether there is the stop operation. Alternatively,
for example, the condition that the range of the shift lever is the P range may be used as the
stop determination condition based on whether there is fghe stop operation.

[0064] However, the stop determination condition based on whether there is the
stop operation may be a stop determination condition based on whether there is an
'operati_on that is not an operation directly intended to stop the Vehricle I but that can lead to
a stop of the vehicle 1 as a result. The operation that can lead to a stop of the vehicle 1 is,
for éxample, an opefation that is highly likely to be performed in advance of a stop of the

vehicle (for example, an operation to release the foot from the accelerator pedal). Thus,

“ for example, the coridition that the accelerator pedal is not operated may be used as the

stop determination condition based on whether there is the stop operation.

- [0065] Alternatively, the stop determinétion cqnd'ition based on whether there is
the stop operation may be a condition associated with whether there is another operation
that occurs because of the stop operation. For example, another operation that occurs
because of the stop operation is, for example, an operation to set a torque command value
of creep to zero and an operation to set a torque command value of the motor generator
MG?2 to zero. Thus, for example, the condition that the torque command value of creep is
zero or the condition that the torque command value of the motor generator MG?2 is zero

may be used as the stop determination condition based on whether there is the stop
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operation.

[0066)  When it is determined that the étop determination condition is not satisfied
as a result of determination of step $100 (No in step S100), the sfop determination unif 172
determines that the motor generator MG?2 is not stopped (step S109). Specifically, when

it is determined that the absolute value of the rotation speed Ne2 of the motor generator

MG?2 is not lower than the predetermined threshold N1 (that is, |[Ne2| > Nl),‘ the stop

determination unit 172 determines that the motor generator MG2 is not stopped; :
Similafly, when it is determined that the brake depression force BK is not larger than the
predetermined threshold Pbksl (that is, BK < Pbksl), the stop determination unit 172
determines that the motor generator MG2 is not stopped. ;

[0067] When it is determined that the mbt'or generator MG?2 is not stopped, the
ECU 17 ends the operation. However, the ECU 17 may .execute the operation from step
S100 again. |

[0068] On the other hand, ‘when it is determined that the 'stop determination

" condition is satisfied as a result of determination of step S100 (Yes in step S100), the stop

determination unit 172 starts a timer that measures a predetermined period (step S101).

[0069] After the stop determination wunit 172 starts the timer, the stop
determination unit 172 determines whether the state where the stop detc_ermination
condition is satisfied is continuing (sfep SlO2)v.

[0070]  When it is déterrhined that the stafe where thé sfop déterrhination
condition is satisfied is not continuing as a result of determination of étep S102 (No in step
S102), the stdp determination unit 172 determines tflat the motor generator MG2 is not
stopped (step S109).  That is, when it is determined that the stop deteﬁnination condition
is not satisfied before the timer ends, the stop determination unit 172 determineé that the
motor generator MG?2 is not stbpped. In ofther words, when it is determined that the
duration of the state where the stop determination condition is satisfied is not ionger than
or equal to' a predetermined period, the stop determination unit 172 determines that the
motor generator MG2 is not stopped.: | |

[0071]  On the other hand, when it is determined that the state where the stop>
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det\ermination condition is satisfied is continuing as a result of determination of step S102
(Yes in step 8102), the stop-determination unit 172 executes the operation to determine
whethér the state where the stop -deternﬁnation condition is satiéﬁed is continuing (step
S102) repeatedly until the timer ends (step S103). | | | ,

[0072]  After that, when the timer ends.(Yes in step S103), the stop determination
unit 172 determines that the motor genérator MG?2 is stopped (step '8104). That is, when
it is determined that th’e‘stop determination condition has been satisfied in a period from
the start of the timer to the end of the timer, the stop determination unit 172 determines that
the mQtOr generator MG2 is stoppéd._' In other words, when it is dgte-rmined that the

duration of the state where the stop determination condition is satisfied is longer than or

-equal to the predetermined period, the stop determination unit 172 determines that the.

motor generator MG2 is stopped.

[0073] - Here, the operation to determine whether the motor generator MG2 is

~ stopped will be described by way of specific examples of the rotation speed Ne2 and brake

depreééion forqe BK with reference to FIG. 3. FIG.S is a timing chart that shows the
rotation speed Ne2, Fhe brake depression force BK, Whether the stop. determination
condition is satisfied and a stop determination result of the vehicle 1. |

[0074] ASishown in FIG. 3, the brake depression force BK increases as the fo‘ot-‘

brake starts being operated at time t0. With an increase in the brake depression force BK,

the rotation speed Ne2 also decreases.

[0075] When the vehicle 1 intends to stop because of the operation of the foot
brake, or the like, torsion tends to be generated in the drive shaft 15 of the vehicle 1. ‘ Asa
result, with the tprsion of the drive shaft 15, hunting tends to occur in the rotation speed of
the drive shaft 15. - Considering the fact that the rotary shaft of the motor generator MG2
is coupled to the drive shaft 15, hunting also tends to occur in the rotation speed Ne2 of the
motor generator MG2. FIG. 3 shows such hunﬁng of the ro“tationvsp‘eed Ne2 (in FIG. 3,
upper limit fluctuations in the rotation speéd Ne2, which gradually converge).

[0076] After that, ét time t1, the absolﬁte value of the rotation speed Né2 becomes

lower than or equal to the prédetermined threshold N1. = However, at the timing of time t1,
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the brake depression force BK is not larger than the predetermined threshold Pbkl. Thus,
the stop determination condition is not satisﬁed.

[0077] After that, at time t2, the brake depression force BK bécomes larger than
the predetermined threshold Pbk1. Therefore5 at time té, the stop determination condition
is satisfied. However, at the timing of ti’me t2, the duration of the state where the stop
determination condition is satisfied is not longer than or equal to the predetermined period, .
so the stop determination'unit 172 does not determine that the motor generator MG?2 is
stopped. _ |

[0078] After that, due to the influence of hunting, at time t3 that is the time before
the predetermined period elapses from time t2 (that is, the time before the timer starteq at
time 2 ends), the absolute value of the rotation speed Ne2 exceeds the predetermined
threshold N1. That is, the stop determina;tien condition is not satisfied at time t3. As a
result, the stop determination unit 172 does not determine that the motor generator MG2 is
stopped. .

‘t0079] After that, before time t4, the absolute value of the rotation speed Ne2
becomes lower than or equal to the predetermined threshold N1, but the duration of the
state where the stop determination condition is satisﬁed is not longer than or equal to the
predetermined period. Thus, in this case, the stop determination unit 172 does not
determine that the motor generator MG2 is stopped:

[0080] After fhat, at time t4, the absolute value of the rotation speed Ne2 becomee
lower than or equal to the predetermined threshold' N1 again. Therefore, at time t4, the
stop determination condition is satisfied. However, at the timing iof time t4, the duration
of the state where the st\ep determination condition is satisfied is not longer than or equal to
the predetermined period, so the stop determinétion unit 172 does not determine that the
motor generator MG2 is stopped. |

[0081]  After that, at time t5 that is the time at which the predetermined period has

-elapsed from time t4 (that is, the time at which the timer started at time t2 ends), the stop

determination condition still continues being satisfied. Therefore, in the example shown -

in FIG. 3, for the first time at the timing of time t5, the stop determination unit 172

§
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determines that the motor generator MG2 is Stopped.

[0082] Referring back to FIG. 2, when it is determiﬁed that the motor generator
MG?2 is stopped, the ECU 17 (or the other componénts, éuch as the ground fault detector
19) may execute an operation that should be executed while the motor:generator MQG?2 is

stopped. However, the ECU 17 (or the other components, such as the ground fault

~detector 19) does not have to execute a special operation even when it is determined that

the motor generator MG?2 is stopped.
[0083]  In the first embodiment, when it is determined that the motor generator
MG?2 is stopped, the inverter control unit 171 controls the operation of the inverter 13 s0 as

to execute three-phase short-circuit control (step-S105). In the three-phase short-circuit

- control, the state of the motor generator MG2 is fixed in a thl'ee?phase short-circuit state.

That is, the inverter control unit 171 controls the 6peration of the inverter 13 such that all
the switching elerﬁents in one of the set of uppef arms and the set of lower arms are in an |
on state and all the switching elements‘ in the other one of the set of upper arms and the set
of lower arms are in an off state. For example, the invérter control unit 171 may control
the operation of the inverter 13- such that the positive-side switching element QI, the
positive-side switching element Q3 and the pdsitivé-side switching element Q5 are in an
on staté and the negative-side switching element Q2, the negative-side switching element
Q4 and the negative-side switching element Q6 are in an off state.

| [0084] However, in step S105, the inverter control unit 171 may control the
operation of the inverter 13 so as to execute tWO;phase short-circuit control. In the
two-phase short-circuit ‘control, the ‘state of the motor generator MG2 is fixed in a
two-phase sboﬂ-circuit state. That is, the inverter control unit 171 may chtrol the
operation of the inverter 13 such that any two switching elements in one of the set of upper
a‘rm‘s and the set of lower arms are in an on state and the remaining one switching éiement
in the one of the set of upper arms ‘and the set of lower arms and all the switching elements
in fhe other one of the set of upper arms and the set of lower arm$ are in an off state.

[0085] | Alternatively, in-step S105, the inverter control unit 171 may control the

operation of the inverter 13 so as to execute control such that the state of the inverter 13 is
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fixed to a state where only any one of the six switching elements included in the inverter
13 is in an on state (while the remaining five switching elements are in an off state).

[0086] In addition, in the first embodiment, when it is determined that the motor

~generator MG?2 is stopped, the ground fault detector 19 carries out detection of a ground

fault in the electrical system while the three-phase short-circuit control is being executed
(s‘tep S105). Because 'af least one of the six switching elements included in the inverter
13 is in the on state, the ground fault detector 19 is able to detect not only a ground fault of
a direct-current portion (that is, a cireuit portion on the direct-current power supply 11 éide
of the inverter 13 in the electrical system) but also a ground fault of an alternating-current
portioh (that is, a ‘cirbcuit portion on the motor geﬁerator MG?2 side of the inverter 13 in the
electrical system). | . | |
[0087] In parallel With the operation of step S105, the stop determination unit 172
determines whether a predetermined step cancellation condition is satisfied (step S106).
In the first embodiment, the stop cancellation cdndition, as well as the stop determination
condition, includes both a stop cancellation condition based on the rotatiqn speed Ne2 of
the motor generator MG2 and é stop cancellation condition based on whether there is the

stop operation. In F IG. 2, as an example of the stop cancellation condition based on the

rotation speed Ne2, a condition that the absolute value of the rotation speed Ne2 of the.

motor generator MG?2 is higher than a predetermined threshold N2 (that is, the relationship

|Ne2| > N2 is satisfied) is used. The predetermined threshold N2 may be the same as the

- predetermined threshold N1 or may be dlfferent from the predetermmed threshold NI1.

Similarly, in FIG. 2, as an example of the stop cancellation condition based on whether

~ there is the stop operation, the condition that the brake depression force BK is smaller than

a predeterfnined threshold PbksZ.(thét is, the relationship BK < Pbks?2 is satisfied) is used.
The predetermined threshold Pbks2 may be the same as the predetermmed threshold Pbks1
or may be different from the predetermined threshold Pbksl

[0088]  The stop cancellation conditi‘on shown in FIG. 2 is only one exainple.
Thus, a stop cancellation condition different from the stop cancellation condition shown in

FIG. 2 may also be used. The stop cancellation conditi‘on may be determined as needed in
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terms of a 51m11ar v1ewp01nt to that of the stop determination condition.

[0089] The stop determlnanon unit 172 may determine in step SIO6 whether the
stop determination condition is satisfied in addition to or instead of determination as to
whether the stop cancellation condition is satisfied. In this case, When it is determined
that the stop determination condition is not satisfied, the subsecjuent operation may be

executed in a similar mode to that in the case where the stop cancellation condition is

satisfied. On the other hand, when it is determined that the stop determination condition

- is satisfied, the subsequent operation may be executed in a similar mode to that in the case

where the stop cancellation condition is not satisfied.

[0090]  When it is determined that the stop cancellation condition is not satisfied
as a result of determinatien of step S106 (No in step S106), the inverter control unit 171
continues to control the operation of the inverter 13 so as to continue executing three-phase
short-circuit control Slmllarly, the ground fault detector 19 continues to carry out
detection of a ground fault in the electrical system.

[0091] On the other hand, when- it is detemined that the stee cancellation

~ condition is satisfied as a result of determination of step S106 (Yes in step S106), the stop

determination unit 172 determines that the motor generator MG2 is not stopped (step
S107). In this case, the inverter control unit 171 may control the operation of the inverter

13 so as not'to execute the three-phase short-circuit control in which the state of the motor

generator MG? is fixed to the three-phase short-circuit state (step S108). Similaﬂy, the.

ground fault detector 19 ends detection of a ground fault in the electrical system (step
S108). ‘
'[0092] ~ After that, the ECU 17 ends the operation. However, the ECU 17 may

" execute the operation from step S100 again.

25

[0093]  As described above, in the first embodiment, the stop determination unit
172 is able to determine whether the motor generator MG2 (or the vehicle 1) is stopped on
the basis of both the stop determination condition based on the rotation speed Ne2 of the
motor generator MG2 and the stop determinaﬁon condition based on whether there is the

stop operation. Where an existing stop determination unit that determines whether the
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vehicl§: 1 is stopped on the basis of only the stop determination condition based on the
rotation speed of the engine is regarded as a first comparative embodiment, the stop .
determinétion unit 172 ié able to more highly accurately determine whether the motor
generator MG2 (or the vehicle 1) is stopped than the stop determination unit 172a
aécording to the first comparative embodiment. In addition, where an existing stop
determination unit that determines whether the motor genérator MG?2 (or the vehicle 1) is
étopped on the basis of o.nly the stop deterrnihe{tion condition based on the rotation speed
Ne2 of the inotor generator MG2 is regafded as a second comparati\}e embodiment, the
stép determination unit 172 is able to more highly accurately detefmine whether the motor
generafbr MG2 (or the vehicle 1) is stopped' than the stob determination unit 172b
according to the‘séco.nd-comparative embodiment. hHereinafter, the reason will be
described. |

[0094]  Initially, the first comlparative embodiment will be described in detail.
The stop determination unit 172a according to the first comparative embodiment, which

determines that the vehicle 1 is stopped in the case where the rotation speed of the engine,

 instead of the rotation speed Ne2 of the motor generator MG2, is lower than or equal to a

predetermined threshold, will be described. The rotation speed of the engine is typically
calculated from the crank angle of the engine iristead of being detected by a detection
mechanism that directly detects thé rotation speed. ‘The crank angle of the engine is
output' from a crank angie sensor installed in the engine. However, the accuracy of the
rotation s_peéd of the engine, which is calculated from the crank angle, is mostly lower than
the accuracy of the rotation speed Ne2 of the mbtor generator MG2, which is detected by
the rotation angle sensor 14 (thét is, the detection mechanism that directly dete_cté the
rotation speed Ne2 of the motor generator MG2). Therefofe, theré is a concern that the
stop determination unit 172a e{ccording to the ﬁrst compérative embodiment _errdneously
determines that the vehicle 1 is stopped because of the'accuracy error, or the like, of the

rotation speed of the engine, which is calculated from the crank angle, although the vehicle

. 1 is not stopped. ~ Alternatively, there is a concern that the stop determination unit 172a

according to the first comparative embodiment erroneously determines that the vehicle 1 is
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not stopped although the vehicle 1 is stopped.
[0095]  In contrast, the stop determination unit 172 vaccording to the first
embodiment is able to determine whether the motor generator MG2 (or the vehicle 1) is

stopped on the basis of the rotation speed Ne2 of ‘the motor generator MG2, which is

detected by the rotation angle sensor 14. Cbnsidering that the accuracy of the eratidn

speed Ne2 of the motor generator MG2, which is detected by the rotation angle sensor 14,
is mostly higher than the accuracy of the rotation speed o'f fhe engine, which is calculated
from the crank angle, the stop determination unit 172 accérding to the first embodiment is -
able to relatively highly accufately determine whether the motor generator MG2 (or the
;/vehic\lev 1) is stopped as compared to the stop defermination unit 172a according to the first
comparative embodiment. - |

[0096]  Next, the second compérative embodiment will be\ described in detail.
The stop defermination unit 1725 aécording to the second comparative embodifnent, which
_determines that the motor generator MG2I (or the vehicle 1) is stoppéd in the case where
the rotation speed Ne2 of the motor‘ generatorv MG?2 is lower than or equal to the
predetérmined thfeshold N1 without determining whether ‘t‘here is the stop operation, will
be described. The stop determination unit 172b according to the second comparative
\embodiment___is also considered to be able to relatively highly accurately determine whether
thé vehicle 1 s stopped in comparison with the stop determination unit 172a according to
the first comparative embodiment.‘. However, the rotation spéed Ne2 - of the motor

generator MG2, which is detected by the rotation angle sensor 14, can be instable (that is,

can fluctuate) upon reception of the influence of noise, or the like, that occurs in the

~ rotation angle sensor 14.  For example, although the actual rotation speed of the motor

generator MG2 is zero, the rotation speed Ne2 of the motor generator MG2, which is
detected by the rotation angle sensor 14, can be a numeric value other than zero. Thus,
thetre is a concern that, in some cases, the stop determination unit 172b according to the"

second comparative embodiment erroneously determines that the motor generator MG2 (or

‘the vehicle 1) is stopped although the motor generator MG2 (or the vehicle 1) is not

stopped. Alternatively, there is a concern that, in some cases, the stop determination unit
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172b according‘ to the second comparative embédimem erroﬁeously determines that the
motor generator MG2 (or the vehicle 1) is not srtovpped although the motor generator MG2 '
(or the vehicle 1) is stopped. | '

| [0097] In contrast, the stop determination unit 172 is able to detefmine whether
the motor generator MG2 (or the §ehicle 1) is stopped on the basis of not only the rotation
speed Ne2 of the motor generator MG2 but also whether there is the stop operation.
When the stop operation is being carried out, there is a further higher possibility that the
motor generator MG2 (or the vehicle 1) is stopped.  Therefore, the stop determination unit
172 according to the‘ﬁrsi embod.iment is able to relatively highly accurately determine
whether the motor generatér MG2 (or the vehicle 1) is stopped as compared to the stop
determination ﬁnit 172b according to the second comparative embodirﬁenf.

[0098] In addition, the stop determination unit 172 is allowed to deteﬁnine that
the motor generator MG2 (or the vehicle 1) is stopped when it is determined that the
duration of the state where the stop detefmination condition is satisfied is longer ;[han or
équal to the predetermined pefiod. Thus, the stop detérmination unit 172 is able to further
highly accurately determine whether the motor generator MG2 (or fhe vehicle 1) is stopped
ev.en when hunting fs occurring in the rotation speed Ne2 of the motor geilerator MG2 (or
the rotation speed Ne2 of the .motor generator MG?2 is instable).

[0099] = Specifically, when hunting is occurring in the rotation speed of the motor

" generator MG2, the state where the rotation speed Ne2 is lower than or equal to the-

predetermined threshold N1 and the state where the rotation speéd Ne2 is not lower than or
equal to the predetermined threshold N1 appear alternately in a short period of time. Ifit
is merely determined that the motor geherator MG?2 (or the vehicle 1) is stopped in the case
whére the rotation speed Ne2 is lower than or equal to the predetermined threshold N1 in
such a situation, there ié a high possibility that the determination result as to whether the
motor generator MG2 (or thé vehicle 1) is stopped frequently fluctuates. |

[0100] In contrast, in the first embodiment, the stop determination unit 172 is
alloW;:d to determine that the motor generator MG2 (ornthe vehicle 1) is not stopped ip the

case where it is determined that the rotation speed Ne2 is lower than or equal to the
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predetermined threshc_ild N1 only in a short period of time because of hunting, or the like.
On the other hand, the stop determination unit 172 isvallov;/ed. to (ietefmine that the motor
generator MG2 (or the vehicle 1) is stopped when it is determined that the duration of the
rotation speed Ne2 ié lower than or equal to the predetermined threshold N1 is longer than

or equal to a certain time because. of convergence of hunting, or the like. Thus, the stop

determination unit 172 is able to suitably determine whether the motor generator MG?2 (or

the vehicle 1) is stopped while suppressing frequgnt fluctuations in determination result as
to whether the motor generator MG2 (or the vehicle 1) is stopped because of the influence
of hunting, or the like. ‘ | |

| [0101] In addition, the inverter control unit 171 acéording to the ﬁrst embodiment
controls the inverter 13 so as to execute three-phase short-circuit control while it is
determined that the‘.motor generator MG2 (or the vehicle 1) is stopped. While the

three-phase short-circuit control is being executed, there is a possibility that torque

required to cause the vehicle 1 to travel cannot be supplied from the inverter 13 to the

.motor generator MG2. Thus, the inverter control unit 171 preferably controls the inverter

13 so as to execute three-phase short-circuit control while the motor generatdr MG?2 (or the
vehicle 1) is stopped. Conversely, if the three-phzise short-circuit control is executed
while the‘mot—or generator MG2 (or the vehicle 1) is not stopped, there is a concern that the
three-phase short-circuit control influences running of the vehicle 1. Thus, the ‘inverter
control unit 171 preferably controls the invertef 13 so as not to ‘execute three—phase
short-circuit contfol while the motor generator MG2 (or the vehicle 1) is not stopped.
Thus, in the first embodiment, as described above, the stop determination unit 172 is able
to highly accurately .determine whether the motor generator MG2 (or the vehicle 1) is

stopped, so the inverter control unit 171 is able to control the inverter 13 so as to execute

* three-phase short-circuit control exactly whilé the motor generator MG2 (or the vehicle 1)

is stopped. That is, the inverter control unit 171 is able to control the inverter 13 so as to
execute three-phase short-circuit control at the timing at which there is no concern that the
three-phase short-circuit control influences running of the vehicle 1.

[0102]  In addition, the ground fault detector 19 according to the first embodiment
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is able to carry out detection of a ground fault while it is determined fhat the motor
generator MG2 (or the vehicle 1) is stopped (in other words, while the inverter 13 is
controlled so as to execute three-phase short-circuit control). If the state of the inverter
13 fluctuates while the ground fault-detector 19 is carrying out detection of a ground féult,

there is a concern that the state in the electrical system (for example, the impedance of a

- path including the above-described ground fault path) fluctuates because of fluctuations in

the state of the inverter 13. As a result, there isA a concern that the ground fault detector
19 erroneously recognizes state fluctuations due to fluctuations in the state of the inverter
13 (for example, the aboi/e-described fluctuations in the voltage at the node E) as state
fluctuations  due to a ground fault. Thus, in terms of improvement in the accuraéy of
carrying out detection of a ground fault with the use of the ground fault detector 19, the
state of the inverter 13 is prefer,ably fixed to the three-phase short-circuit state (or another

state including the two-phase short-circuit state) while the ground fault detector 19 is

~carrying out detection of a ground fault.

[0103] Here, when the accuracy of determination as to whether the motor

; generafor MG2 (or the vehicle 1) is stopped is relatively low, there is a high-possibility that

thé result of determination as to whether the motor generator MG2 (or the vehicle 1) is
stopped frequently fluctuates because of the above-described noise, hunting, or the like, as
-_comlpared to the case where the determination accuracy is relatively high. As a re_sult,
there is a high‘possibility that the state of the inverter 13 frequently fluctuates because of ’
the fluctuations in the result of determinaﬁon as to whether the motor generator MG2 (or
the vehicle 1) is stopped. ~As a result, there is a concern that the period in which the state
of the invefter 13 is fixed to the three-phase short-circuit state becomes shorter than the

period required to carry out detection of a ground fault with the use of the ground fault

detector 19.

[0104] . For such reasons, when it is highly accurately determined whether the
motor generator MG2 (or the vehicle 1) is.stopped, the state of the inVerter 13 is easily
-fixed to the three-phase short-circuit state. Thus, in the first embodiment, as described v

above, the stop determination unit 172 is able to highly accurately determine whethér the
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motor generator MG2 (or the vehicle 1) is stopped. Therefore, while the ground fault

detector 19 is detecting a ground fault, the state of the inverter 13 is relatively highly likely
to be fixed (‘;ypically, the state of the inverter 13 is fixed to a specific state). Thus, the
ground fault“ detector 19 is able to suitably carry out detection of a éround fauit. |

| [0105] In the above description, the vehicle 1 includes the single motor generator

MG2. Instead, the vehicle 1 may include a plurality of the motor generators MG2. 1In

. this case, the vehicle 1 preferably includes the inverter 13 and the rotation angle sensor 14

for each motor generator MG2. In this case, the ECU 17 may execute the
above-described stopvdeterminat.ion operation indepenel'ently for each motor generator
MG2. | | B

[0106]  Next, a second embodiment will be described with reference to FIG. 4 to |
FIG. 6. Like reference numerals and step numbers denote similar components and

operations to those of vehicle 1 according to the first embodiment, and the detailed

description thereof is omitted.

~(2-1) - Configuration of Vehicle acoor'ding to Second Embodiment

[0107] Initially, the conﬁguration of a vehicle 2 according to the secorid
embodiment will be described with reference to FIG. 4. FIG 4 is a block diagram that
shows the configuration of the vehicle 2 according to the second embodiment.

[0108] " As shown in FIG. 4, the vehicle 2 according to the second embodiment

 differs from the vehicle 1 according to the first embodiment in that the vehicle 2 further

includes an engine ENG, a motor generator MG1, an inverter 13-1, a rotation angle sensor
14-1 and a power split mechanism 20. In addition, the vehicle ‘2 according to the second
embodiment differs from the vehicle 1 according to the first embodiment in that the
operation of the stop determination unit 172 is different. The other components of the
vehicle 2 aceording to the second embodiment are the same as the other components of the
Vehicle 1 according to the first embodiment. However, for the sake of convenience of
description, in the secondembodimen’t, the inverter 13 according to the first embodiment is -
referred to as the inverter 13-2, and the rotation angle sensor 14 according to the first

embodiment is referred to as the rotation angle sensor 14-2. For simplification of the
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drawings, the detailed configuration of the ground fault detector 19 is omitted; hoWever,
the ground faulf detector 19 according to the second embodimeht is the same as the ground
fault detector 19 according to the first embodiment.

[0109] The inverter 13-1 is connected in parallel with the inverter 13-2. The
inverter 13-1 con{/erts alterﬁating&urrent power (three-phase alternating-current voltage),
generated through regenerative power generation‘ by the motor generator MG1, to
direct-current power (direct—currént voltage). As a result, the direct-current power supply
11 is charged with direct-current power (direct-current voltage) generate‘d as a result of
conversion operation by thé inverter 13;1. Because the configuration of the inverter 13-1.

is the same as the configuration of the inverter 13-2, the detailed description of the

-configuration of the inverter 13-1 is omitted.

[0110] The motor gener_atér MG is a three-phase a_lternaﬁng-current motor
generator. The motor generator MG1 regenerates electric poWer (génerates electric
power) during braking of the vehicle 1. The motor geherator MG1 may be driven so as to
generate forque required to cause the vehicle 2 to travel.

- [o111] The rotation angle sensor 14-1 detects the rotation speed Nel iof the motor
generator MGT1 (that is, fhe rotation'speed of the rotary shaft of the motor generator MG1).
The rotation angle sensor 14-1 rﬁay bé the same as the rotation angle:'sensor 14-2.

_ [0112] ‘The engine ENG is an internal combustion engine, such as a gasoline

engine, and functions as a main power source of the vehicle 2.

[0113] The power split mechanism 20 is a planetary gear mechanism that
includes a sun gear, a planetary carrier, pinion gears and a ring gear (which are not shown).
The power split mechanism 20 mainly splits the power of the engine ENG to two lines
(that is; a power line to be transmitted to the motor generator MGl and a power line to be
transmitted to the drive shaft 15).

[0114] In the second embodiment, an example in which the vehicle 2 employs a
sq-called split ‘(power split)-type hybrid system (for éxample, Toyota hybrid system (THS))
will be described. Instead, the vehicle 2 may employ a series or parallel hybrid system. ;

{0115] Subsequently, the flow of stop determination operatioh that is executed by
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the vehicle 2 according to the second embodiment (that is, the stop determination operation
that is executed by the ECU 17) will be described with reference to FIG. 5 to FIG. 7.
Herefnafter, first to third operation examples will be illustrated as the stop determination
operation that is executed in the vehicle 2 according to the second embodiment.

[0116] First, the flow of the first operation éxarhple of the stop determination

- operation according to the second embodiment will be described with reference to FIG. 5.

FIG 5 is a flowchart that shows the flow of the first operatioﬁ example of the stop |
determination operation accordihg to the second embodiment. o

[0117] The. first operation example is .an operation to determine whether the
motor generator MG1 is stopped, and is an operation that is executed in parallel with or
before or after the abo"v.e-described stop determination operatio-n according to the ﬁrst‘
embodiment. . |

[0118]  Specifically, as shown in FIG S, the stop‘ determination .unit 172
determines whether a predetermined stop determination condition is s-atisﬁed (step S210).

[0119] The stop determination condition of the first operation example inciudes,a
stdp determination condition based on the result of the stop determination operation
according to the first embodiment (that is, the result of determination as to whether the
motor generator MG2.is st'opped).' In FIG 5, as an example of the stop determination
condition based on the result of the stop determination oper_atioh acéording to the first

embodiment, the condition-that it is determined through the stop determination operation

~according to the first embodiment that the motor generator MG2 (or the vehicle 1) is

stopped is used.

- [0120] In addition, the stop determination condition of the first operation example
includes. a stop determination -condition based on the rotation speed Nel of the motor
generator MGl. In FIG. 5, as an example of the stop determination condition based on

the rotation speed Nel, the condition that the absolute value of the rotation speed Nel of |

‘the motor generator MG1 is lower than or équal to a predetermined threshold N3 (that is,

the relationship [Nel| < N3 is satisfied) is used. The predetermined threshold N3 may be

the same as the predefermined value N1 according to. the first embodiment or may be
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different from the predetermined value NI1. The stop determination condition. shown in

. FIG 5 is only one example, and may be modified as needed in terms of a similar viewpoint

to that of the first embodiment.
[0121] When it is determined that the stop determination condition is not satisfied

as a result of determination of step S210 (No'in step S210), the stop determination unit 172

determines that the motor generator MG1 is not stopped (step S219).

[0122] On the other hand, when it is determined that the stbp determination

condition is satisfied as a result of deterrﬁination of step S210 (Yes in step S210), the stop

~ determination unit 172, as in the case of the first embodiment, determines whether the

duration of the slt'ate where the stop determination condition is satisfied is longer than or
equal to the predéfermined time (from step S101 to step S103). |

[0123] When it is determined that the. duration of the state where the stop
determination condition is satisfied is not longer than 6r equal to the predetermined time as
a rgsult of determination of step S102 and step S103 (No in step S102), the stop
determination unit 172 determines that the motor generator MG1 1s not stopped (step
$219). | |

'[0124] - On'the othef hand, when it is determined that the duration of the state
where the stop determination cqndition is satisfied is longer than or equal to the
predetermined time as a result of determiriz\xtion of step S102 and step S103 (Yes in step
8102 and Yes in step S103), the stop determination unit 172 determines that the motor
generator MG1 is stopped (stép S214). This is because whén the rota'tion speed Nel of
the motor generator MG is relatlvely low (for example several rpm to several tens of

rpm) under a situation that the motor generator MG2 1S stopped the rotation speed of the

engine ENG should also relatively decrease (for example, becomes about several rpm)

from an operétion nomograph of the motor generators MG1, MG2 and the engine ENG.
However, considering that it is almost impossible that the rotation: speed of the engine
ENG becomes several rpm in accordance with the specifications of the engine ENG, when

the rotation speed Nel of the motor generator MG1 is relatively low under a situation that

~ the motor generator MG2 is stopped, the rotation speed of the engine ENG is estimated to
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be substantially zero. That is, when the rotation speed Nel of the motor generator MG1
is relatively low under a siﬁuation that the motor generator MG?2 is stopped, it is estimated |
that the engine‘ENG ié stopped.  As a result, the motor generator MG is also estimated
to be substéntially stoﬁped from the of)eration nomograph.

[0125]  After that, when it is determined that the motor generator MGl is stopped,
the ECU-17 (or anothe'r component, sﬁch as the_ground fault detector 19) may execufe the
operation that should be executed while the motor generator MGI is stopped. In the first
operation example, when it is determined that the niotor generator MG is stopped, the
inverter control unit 171 controls the operation of the inverter 13-1 so as to execute
three-phase short-circuit control (step S215). In the three-phase short-circuit control, the

state of the motor generator MG1 is fixed in a three-phase short-circuit state. However, in

_ the first operation example, as well as the first embodiment, the inverter control unit 171

 may control the operation of the inverter 13-1 so as to execute control in which the state of

the motor. generator MG is fixed to a state other than the three-phase short-circuit state.
In addition,- when it is determined that the motor generator MG1 is stopped, the ground
fault detector i9 carries out detection of a ground fault in .tf{e electrical system while the
three-phase short—circﬁit control is being executed (step S215).

[0126] In the first operation example, the motor generator MG2 is stopped, while

there can occur a situation that it is determined that the motor generator MG1 is not

stopped. In this case, there is a concern that the state of the inverter 13-1 is not fixed, so

“the ground fault detector 19 does not need to carry out detection of a ground fault in the

~ electrical system.

[0127]  In parallel with the operation of step S215, the stop determination unit 172 -
determines whether the predetermined stop caﬁcellaﬁon condition is satisfied (step S216).

In the first operation example, the stop cancellation condition, as well as the stop

determination condition, includes both a stop cancellation condition based on the result of '

stop determination operation according to the first embodiment and a stop cancellation
condition based on the rotation speed Nel of the motor generator MG1. In FIG. 5, as an

example of the stop cancellation condition based on the result of the stop determination
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operation according to the first embodiment, the condition that it is determined through the
stop determination operation according to the first embodiment that ‘the mbtor generator
MG2 (or the vehicle 1) is not stopped is.used. In FIG. 5, as an lexample of the stop
canceliation condition based on the rotation speed Nel, the condition that the absolute
value of the rotation speed Nel of the motor generator MGl is higher than a predetermined
threshold N4 (that is, the relationship [Nel| > N4 is satisfied) is used. * The predetermined -
threshold N4 may be the same as the predetermined threshbld N2 according to the first
embodiment or may be different from the pre‘determined threshold N2. The stop
cancellation condition shown in FIG. 5 is only illustrative, and may be modified as neéded
in terms of a similar viewpoint to that of the first embodi_ment.&

[0128] When it is determined that the 'stop cancellation condition is not satisfied
as a result of determination of step S216 (No in step 8216), the inverter control unit 171 |

continues to control the Operation of the inverter 13-1 so as to continue executing

- three-phase short-circuit control. Similarly, the ground fault detector 19 continues to

carry out detection of a ground fault in the electrical system. -

[0129] On the other hand, whén it is detérmined that the stop cancellatioh

-condition is satisfied as a result of determination of step S216 (Yes in step S216), the stop

determination unit 172 determines that the motor generator MG1 is not stopped. (step.
S217). In this case, the inverter control unit 171 may control the operation of the invertér
13-1 so as not to execute three-phase short-circuit control .in which the state of the motor -
genérator MGl lis 'Aﬁxed to. the three-phaéé short-circuit state (step 8218). Similarfy, the
ground‘fault deteétor 19 ends detection of a ground fault in the electrical system (step
$218). |

| [0130]  As described above, according to the first operation example of the second
embodime\rit as well, similar advahtagéous effects to the various advantageous effects
obtained in the first embodiment are suitably obtained. In addition, in the first operation
example of the second embodixﬁent, the stop determination uhit 172 is able to highly
acéurately determine whether the vehicle 2 and each of the motor generator MG1 and the

motor generator MG2 are'stopped even when the vehicle 2 includes the plurality of motor
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generatorys MG1, MG2.
[0131}]  Next, the flow of the second operation example of the stop determination

operation according to the second embodiment will be described with reference to FIG. 6.

- FIG. 6 is a flowchart that shows the flow of the second operation example of the stop

determination operation according to the second embodiment.

[0132] The second ope'ration example, as well as the first operation example, is
also an operation to det,ermir-le. whether the motor generator MG1 is stopped,;and is an
operation that is executed in parallel-with or before br after the above-described stop
determination operation according to the first embodiment.

i0133] Specifically, the secénd ope;ration example differs from the first operation
example in that the stop determination condition and the stop cancellation condition are
different (step S220 and step S226}).. The other operation of the sécond operation example
may be the same as the other operation of the first operation example.

[0134] . Speciﬁcally, the stop determination condition aécording to the second
operation example includes a stop determination condition based on an operation situation
of the engine ENG (for example, a stop determination condition that the engine ENG is
stopped) instead of the stop determination condition based on the rotation speed Netl of the

first operation example. Similarly, the stop cancellation condition according to the

second operation example includes a stop cancellation condition based on an operation

situation of the engine ENG (for example, a stop cancellation condition that the engine

ENG is not stopped) instead of the stop cancellation condition based on the rotation speed
Nel of the first operation example. »

[0135] As described in the first operation examble, when the engine ENG is'
stoppéd under a situation that the motor géneratdr MG2 is stopped, it is estimated that the
motor generator MG1-is also substantially stopped. Thus, in the second operation
example, the stop. détermination unit 172 is able to suitably determine whether thé motor

génerator MGt is stopped even when the stop determination. condition and the stop

~ cancellation condition, based on the operation situation of the engine ENG, are used.

That is, in the second operation example as well, similar advantageous effects to the
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various advantagequs effects obtained in the first operation example, are suitably obtained.

{0136] The stop determination unit 172 may determine whether the engine ENG
is stopped on the basis of the rotation speed of the engine ENG. For example, the stop
determination unit 172 may determine that the engine ENG is stopped when the rotation

speed of the engine ENG 1is lower than' or equal to a predetermined threshold.

- Alternatively, the stop determination unit 172 may determine whether the engine ENG is

stopped on the basis of another parameter or signal that defines the operation of the engine

ENG.

[0137]  Next, the flow of the third operation example of the stop determination
operation according to the second embodiment will be described with reference to FIG. 7.

FIG. 7 is a flowchart that shows the flow of the third operation example of the stop.

“determination operation according to the second embodiment.

" [0138] The above-described ﬁrsf operation example and second operation

" example are operations to determine whether the motor generator MG1 is stopped and

operations that are executed in parallel with or before or after the above-described stop
determination operation according to the first embodiment. On the other hand, the third
operation example is an operatlon to collectively determme whether the motor generator
MG]1 and the motor generator MG2 (or the vehlcle 1) are stopped. Thus the ECU 17
does not need to execute the above-described stop deterrnmatlon operation accordmg to the |
first embodlment when the third operatlon example is executed |

[0139] . Specifically, as shown in FIG 7, the stop determination unit 172 ‘
determines whether a predetermined stop determination condition is satisfied (step S230).
The stop determination condition according to the third operation example includes the
stop determination condition according to the first embodiment (that is, the stop
determination condition based on the rotation speed Ne2 of the motor generator MG2 aqd
the- stop determination condition based on whether there is the stop operation). In
addition, the stop,determination condition accerding to the third operation example
includes a stop determination condition bésed on the rotation speed Nel of the motor

generator MG1 (that is, part of the stop determination condition according to the first
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operation example). However, the stdp determination condition according to the third
operation example may include the stop determination condition based on the operation
situation of the engine ENG (that is, part of the stop determination condition according to

the second operation example) in addition to or instead of the stop determination condition

‘based on the rotation speed Nel of the motor generator MG1 (that is, paft of the stop

determination condition according to the first operation example).
[0140] When it is determined that the stop determination condition is not satisfied
as a result of determination of step S230 (No in step 8230), the stop determination unit 172

determines that at least one of the motor generators MG1 and MG2 (or the vehicle 1) is not

* stopped (step $239).

[0141] On the other hand, when it is determined that the stop determination

condition is satisfied as a result of determination of step S230 (Yes in step $S230), the stop

"determination unit 172, as in the case of the first embodiment, determines whether the

duration of the state where the stop determination condition is satisfied is longer than or

~ equal to the predetermined time (step S101 to step S103).

[0142] When it is determined that the duration of .the state where the stop.
determination condition is satisfied is not longer than or equal to the predetermined time as
a result of determination of step S102 and step S103 (No in step S102), the stop
determination unit 172 determines that the motor generators MG1, MG2 (or the vehicle 1)
are not stopped (step S239). |

[0143]  On the other hand, when it is ‘determined that the duration of the state
where the . stop | determination conditior; is satisfied is longer than or equal to the
predetermined‘time as a result of détermination of step S102 and step S103 (Yes in step
S102 and Yes in step 8103), the stop determination unit 172 determines that the motor
generators MG1, MG2 (or the vehicle 1) are stopped (step S234). |

[0144]  After that, when it is determined that the motor generatofs MG1, MG2 (or

the vehicle 1) are stopped, the ECU 17 (or another component, such as the ground fault

detector 19) may execute the operation that should be executed while the motor generators

MG1, MG2 (or the vehicle 1) are stopped. In the third operation example, when it is
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determined that the motor gén’erators MG, MG2 (or the vehicle 1) are stopped, the

~ inverter control unit 171 controls the operations of the inverters 13-1, 13-2 so as to execute

three-phase short-circuit control (step 8235). In the three-phase short-circuit control, the
state of each of the motor generators MG1, MG2 is fixed in a three-phase short-circuit state.
However, in the third operation example, as well as the first embodiment, the inverter
contro}l unit 171 may control the operations of the inverters 13-1, 13-2 so as to execute
control in which the state of each of the motor generators MG1, MG?2 is set to a state other
than the three-phase short-circuit state. In addiﬁon, when it is de‘[ermined that the motor-
generators MG1, MG2 (or the vehicle 1) are stopped, the ground fault detector 19 carries
out detection of a ground fault in the electrical system while the three-phaée short—circuit
control is being executed (step S235). |

[0145]) In parallel with the operation of step S235, the stop determination unit 172
determines whether a predetermined stop cancellation condition is satisfied (step 8236).:
The stop cancellétion condiﬁon according to the third operation example includes thé stop
cancellation qondiiion according. to the first embodiment (that is, the stop cancellation
condition based on the rotation speed Ne2 of the motor genérator MG2 and the stop
cancellation .condition based on Whether there is the stop operation). In addition, the stop

cancellation condition according to the third operation example includes the stop

~ determination condition based on the rotation speed Nel of the motor generator MG1 (that

is, part of the stop cancellation condition according to the first operation example).
However, the stop cancellation condition according to the third operation example may
include the stdp determination condition based on the operation situation of the engi_rie
ENG (that is, part of the stop cancellation condition according to the second operation
example) in addition to or’instead of the étop determination condition based on the rotation
speed Nel of the motor generator MG1 (that is, ﬁart of the stop cancellation condition
according to the first operation example).

[0146] Wheﬁ it is determined that the stop cancellation condition is not satisfied
as a result of determination of step S236 (No in step S236), the inverter control unit 171 .

continues to control the operations of the inverters 13-1, 13-2 so as to continue executing
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‘three-phase short-circuit control. Similarly, the ground fault detector 19 continues to

carry out detection of a ground fault of the eléc_trical system.

[0147] On the other hand, when it is determined that the stop cancellation

" condition is satisfied as a result of determination of step $236 (Yes in step $236), the stop

dctérminatioh unit 172 determines that the motor generators MGl, MG?2 (or the vehicle 1)
are not stopped (step S237). In this case, the invefter control unit 171 may control the
opérations of the inverters 13-1; 13-2 so as not to execute three-p‘hasé short-circuit control -
1n which the state of each of the motor generators MG1, MG?2 is fixed to the three-phase
short-circuit state (step S238). Similarly, the gréund fault detector 19 ends detection of a-
ground fault in the electrical systém (step S238).

[0148] ‘As described above, in the third operation example aS'well,‘similar

~advantageous effects to the various advantageous effects obtained in the first operation

example are suitably obtained.

[0149] The invention is not limited ‘to the above-described embodi‘ments; it may -
be modified as needed within the sco-pe of the invention read from the appended claims ',
and the specification or without departing from the spirit of the invention. - A vehicle
control device having such modifications is also included in the technical scope of the

invention.
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CLAIMS:

1. A vehicle control device that controls a vehicle including a first eilec'tricvmotor
that is driven at a rota%t‘ion speed synchronized with a rotation speed of a drive shaft of the
vehicle, the vehicle control device comprising:

an electronic control unit configured to:

(a) carry out first d‘eterrhination as to whether the rotation speed of thev first electric
motor is lower than or equal to a first threshold and whether a stop operation that
stops the vehicle is being carried out, and |

~ (b) carry .dut second determinationk that the vehicle is stopped when in the first
) determination the electronic control unit determines that the rotation speed of the

first electric motor is lower than or equal to the first threshold and the stop .

operation is being carried out.

2. The vehicle control device accordin.g to claim 1, wherein

the first electric motor is a three-phase alternating-current rhotor,

‘the vehicle includes a pai\r of’ serially connected first switching element and second .
switching element in each of the three phases of the first electric motor,

the vehicle further includes a first power converter that converts direct-cﬁrrent power
to alternating-cur'rent power, the direct-current power being supplied to the first electric
motor, and |

the electronic control unit is configured to execute first control that controls the first
power converter such that a state of the first power converter is set to a. specific state where
one of the set of first éwitching elements all and the set of secb_nd switching elements all
are in an off state and at least one switching element of the other one of the set of first
switching elements and the sét 6f second switching elements is‘ in an on state, when the ‘

electronic control unit has carried out the second determination that the vehicle is stopped.

-

o}

3. The vehicle control device according to claim 2, wherein

i



WO 2015/019155 PCT/IB2014/001461
42

the vehicle further includes a ground fault detector that detects a ground.fault in an
~ electrical system including the first electric motor, and |
the electronic control unit is configured to control the first power converter such that
the state of the first power conyertef becomes the specific state when the electronic control
unit has carried out the second determination that the vehicle is stopped, and -
the electronic control unit is conﬁg_ured to control the ground fault detector such that
the ground fault detector carries out detection of the ground fault when the state of the first

power converter is the specific state.

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

the electronic control unit is conﬁgured to ‘control the ground fault detector such that
the ground fault detector carries out detection of the ground fault, and '

the electronic control unit is configured to determine that the first electric motor is
not stopped when a stop cancellation condition is satisfied in the vehicle after the detection

is carried out.

5. The vehicle control device according to claim 4, wherein
the 'stop cancellation condition includes a condition that the rotation speed of the first
electric motor is higher than a second threshold or a condition that the stop operation is not

being carried out.

6. The vehicle control device according to claim 4 or 5, wherein

the electronic control unit is configured to determine that the first electric motor is
not stopped when the stop cancellation condition is satisfied, and

the eléctronic control unit is configured. to cancel the specific state and end the

detection of the ground fault after determining that the first electric motor is not stopped.

7, The vehicle control device according to any one of claims 1 through 3, wherein

the electronic control unit is configured to carry out the second determination that the -
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vehicle is stopped, when a duration of a state is longer than or equal to a predetermined |
period, the state being where in the first determination the electronic control unit
determines that the rotation speed of the first electric motor is lower than or equal to the

first threshold and the stop operation is being carried out.

8. The vehicle control device according to any one of claims 1 through 3, and 7,
wherein | |
the vehicle further includes a second electric motor coupled to the first electric motor
via a power split mechaﬁiém, and
the electronic control unit is configured to further determine in thé first dgtermination
whether a rotation speed of the second electric motor is lower than or equél to a third
threshold, and
the electronic control unit is configured to carry out the second determination that the
vehic}e 1s stopped when the electronic control unit determines in the first defermination
- that the rotation speed of the first electric motor is‘iower than or equal to the first threshold,
the stop operation is being carried out and the rotation speed of the second electric motor is

lower than or equal to the third threshold.

b

-7

* 9. The vehicle control device according to claim 8, wherein
‘the second electric motor is a three-phase alternating-current motor,
the vehicle includes a pair of serially connected third switching element and fourth
switching element in each of the three phases of the second electric motor, ‘
the vehicle further includes a second power converter that converts direct-current
powef to élternating&urrent power, the direct-current power being supplied to the second
electric motor, and .
the electronic control unit is configured to execute second control that controls the
second power converter such that a state of the second power converter is set to a specific
state where one of the set of third switching elements all and the set of fourth switching

elements all are in-an off state and at least one switching element of the other one of the set -
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of third switching elements and the set of fourth switching elements is in an on state, when
the electronic control unit has carried out the second determination that the vehicle is

stopped.

10.  The vehicle control device according to claim 9, Wherein

the vehicle further includes a ground fault detector that detects a ground fault in an
electrical system iﬁéluding the second electric motor, and

the electronic control unit is configured to execute the second control that controls the
second power converter such that thé' state of the second power converter becomes the |
épeciﬁc state whén the electronic céntrol unit has determined that the second electric motor
is stopped, and | |

the electronic control unit is chﬁgured to control the ground fault detector such-that
the ground faultvdetector carries out detection of the ground fault when the state of the

second power converter is the specific state.

11. The vehicle cbntrol device according to claim 10, wherein

the electronic control unit is configured to control the ground fault detector such that
the grouhd fault detector carries out detection of the ground fault; and

the electronic control unit is configured to determine that the second electric motor is
not stopp’ed when a stop cancellation condition is satisfied in the vehicle after the detection

is carried out.

12.  The vehicle control device according to claim 11, wherein
the stop cancellation condition includes a condition that the first electric motor is not
_ stopped or a condition that the rotation speed of the second electric motor is higher than a

fourth threshold.

13. The vehicle control device according to claim 11, wherein

the stop cancellation condition includes a condition that the first electric motor is not
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stopped or a condition that an engine is not stopped.

14. The vehicle control deyiée according to claim 11, wherein :

the stop cancellation condition inéludes a condition that the rotation speed of the first
electric motor is higher than a second threshold, a conditio;l that the rotation speed of the
second electric motor is higher than the fourth threshold, or a condition that the stop

operation that stops the vehicle is not being carried out.

15. The vehicle control device according to claim 11, wherein
the electronic control unit-is configured to cancel the specific state and end the
detection of the ground fault of the second electric motor when the stop cancellation

. condition is satisfied in the vehicle.



WO 2015/019155

1/7

PCT/IB2014/001461

13
_S- ''''''''''' a
i - X [
i |
i D1 D3 D5 |
i -l Q1 ~| Q3 ~| Q5 l M?2
11 12f | !

AN Y ) l MOTOR
. — | GENERATOR
i D2 D4 D6 |

R | T
i b
S ]
NN o x____________-__‘ §
| 19 : 17 : 18
: Ne2:
\ Y \ 4y §
19Q_ ECU %:
— 193
-1 { 171+ CC’)%\W(%%TLEURNIT %
£+ DETECTION B | w
L STOP <
CIRCUIT 172 DETERMINATION UNIT %
194
192
GROUND
FAULT DETECTOR

16



WO 2015/019155
2/7

FIG. 2

S100
IS STOP
DETERMINATION CONDITION

NO

PCT/IB2014/001461

(INe2| < N1 & BK > Pbks1)
SATISFIED ?

START TIMER S101

S102

DURATION
OF STATE WHERE
STOP DETERMINATION

NO

CONDITION IS SATISFIED LONGER
THAN OR EQUAL TO
PREDETERMINED

S103

HAS TIMER ENDED ?
YES (S104

Y

Y §S109

DETERMINE THAT MG2
(VEHICLE) IS STOPPED

DETERMINE THAT MG2

(VEHICLE) IS NOT STOPPED

L
” at

Y
EXECUTE THREE-PHASE
SHORT-CIRCUIT CONTROL
OVER MG2 AND CARRY OUT
DETECTION OF GROUND FAULT

~—S105

S106
IS STOP
CANCELLATION CONDITION
(INe2| > N2 OR BK < Pbks2)
SATISFIED ?

DETERMINE THAT MG2
(VEHICLE) IS NOT STOPPED

\

END THREE-PHASE
SHORT-CIRCUIT CONTROL | sS108
OVER MG2 AND END DETECTION
OF GROUND FAULT

~—S107

<

Y

END
(RETURN)




PCT/IB2014/001461

WO 2015/019155

3/7

FIG. 3

¢®N dd3dS
NOILVLOH

8 30H0d
NOISS3dd3d
IMvHd

TIME

L L
A= A=
- —
a0
o
_ g
i AO
TE
=
w &2
@
=1
mm
T
o Wi
Ve e
nd
E% @
=z oA
-t Do
: N Mm
= MS
T
O
w<
ZWn
s
o
)
e
Oul
2 >
N

NOILIANOD
NOILVNINE313d
dOlLS

t1

Q e ——

t

NOILLVNINYE130
dOl1S



WO 2015/019155 PCT/IB2014/001461

;]72\» STOP
DETERMINATION UNIT

2
13-1
[ S SR 7
i X A !
| I
i D1-1 D3-1 D5-1i
! 4 Q1-1 4 Q3-1 «I Qs-i7N MG1
! ! (
| I
i l MOTOR
i _|GENERATOR
i D2-1 D4-1 D6-1!
i 1 Q2-1 4| Q4-1 «| Q6N | T'r ENG
i 14-1y 20
: l Ne1 S
I l l
----------------------- — POWER || £
SPLIT 0 &
e . [MECHANISMI| Z
I ! -
D1 D3 D5 |
' «l AN 4@3 —|Q5 | ' ZQ"G
| | 15
11| 12 | !
\ \ | | MOTOR
e T |GENERATOR
| D2 D4 D6 | I
AR KR R R T e
| (142}
+ . s :
™ ) i
19 L (132) 17, 18
\ Y \ Y \
GROUND
FAULT DETECTOR ECU x
INVERTER 2
171 CONTROL UNIT i
<---{ N
BK | W
<
n'd
e8]




WO 2015/019155

57

FIG.

S210

IS STOP
DETERMINATION CONDITION
(MG2 IS STOPPED & [NeT| < N3)
SATISFIED ?

START TIMER

S102

DURATION
OF STATE WHERE
STOP DETERMINATION
CONDITION IS SATISFIED LONGER
THAN OR EQUALTO
PREDETERMINED

S103
HAS TIMER ENDED ?

L YES 53214

5

NO

PCT/IB2014/001461

S101

NO

DETERMINE THAT
MG1 IS STOPPED

Y

7

Y

DETERMINE THAT
MG1 IS NOT STOPPED

EXECUTE THREE-PHASE
SHORT-CIRCUIT CONTROL
OVER MG1 AND CARRY OQUT
DETECTION OF GROUND FAULT

—~S5215

S216

IS STOP
CANCELLATION CONDITION
(MG2 IS NOT STOPPED OR
INe1| > N4)
SATISFIED?

DETERMINE THAT
MG1 IS NOT STOPPED

~ 5217

Y

END THREE-PHASE
SHORT-CIRCUIT CONTROL
OVER MG1 AND END DETECTION

— 5218

OF GROUND FAULT

et

Y
END
(RETURN)




WO 2015/019155
6/7

FIG. 6

S220
IS STOP
DETERMINATION CONDITION

NO

PCT/IB2014/001461

(MG2 IS STOPPED &
ENGINE IS STOPPED)
SATISFIED 2

~ S101

START TIMER

-

Y

S102

DURATION
OF STATE WHERE
STOP DETERMINATION

NO

CONDITION IS SATISFIED LONGER.
THAN OR EQUAL TO
PREDETERMINED

S103

HAS TIMER ENDED ?
[YES (S214

Y

v (S219

DETERMINE THAT

DETERMINE THAT
MG1 1S NOT STOPPED

MG1 1S STOPPED

S

Y
EXECUTE THREE-PHASE
SHORT-CIRCUIT OVER MG1

AND CARRY OUT DETECTION oF [~ 5215
GROUND FAULT

S226
IS STOP
CANCELLATION CONDITION
(MG2 1S NOT STOPPED OR ENGINE
IS NOT STOPPED)
SATISFIED ?

YES

DETERMINE THAT
MG1 IS NOT STOPPED

Y
END THREE-PHASE
SHORT-CIRCUIT CONTROL
OVER MG1 AND END DETECTION
OF GROUND FAULT

NO

~—S217

~—S5218

e —

Y
END
(RETURN)




WO 2015/019155
717

FIG.

START

S230
IS STOP
DETERMINATION CONDITION

SATISFIED ?

(INe2] £ N1 & |[Ne1| < N3 & BK > Pbks1)

PCT/IB2014/001461

I

NO

START TIMER

—~—S101

v

Y

5102

DURATION
OF STATE WHERE
STOP DETERMINATION

THAN OR EQUAL TO
PREDETERMINED

S103

HAS TIMER ENDED ?

CONDITION IS SATISFIED LONGER

NO

Y

[YES (S234 v (S239
DETERMINE THAT MG1 AND MG2
(VEHICLE) ARE STOPPED DETERMOHI\:IE[\AEWA;,\?g I,\_AEGAés-r ONE

7o

/

(VEHICLE) IS NOT STOPPED

EXECUTE THREE-PHASE
SHORT-CIRCUIT CONTROL OVER
MG1AND MG2 AND CARRY OUT
DETECTION OF GROUND FAULT

~—S235

S236
IS STOP
CANCELLATION CONDITION

NO
SATISFIED ?

YES

(INe2| > N2 or [Ne1| > N4 OR BK < Pbks2)

DETERMINE THAT MG1 AND MG2
(VEHICLE) ARE NOT STOPPED

~ S237

Y

END THREE-PHASE
SHORT-CIRCUIT CONTROL OVER
MG1 AND MG2 AND END
DETECTION OF GROUND FAULT

~—S238

Y

END
(RETURN)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings

