0 2006/059748 A2 |\ |1} F T 00RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

‘ﬂm A 00 O O

(10) International Publication Number

WO 2006/059748 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/IP2005/022243

(22) International Filing Date:
28 November 2005 (28.11.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2004-346892 30 November 2004 (30.11.2004) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, Toy-
ota-cho, Toyota-shi, Aichi, 4718571 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ISHIKAWA, Tet-
suhiro [JP/JP]; ¢/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, 1, Toyota-cho, Toyota-shi, Aichi, 4718571 (JP).
OYOBE, Hichirosai [JP/JP]; c/o TOYOTA JIDOSHA
KABUSHIKI KAISHA, 1, Toyota-cho, Toyota-shi, Aichi,
4718571 (JP). MINEZAWA, Yukihiro [JP/JP]; c/o AISIN
AW CO., LTD., 10, Takane, Fujii-cho, Anjo-shi, Aichi,
4441192 (JP).

(74) Agents: FUKAMI, Hisao et al.; Fukami Patent Of-
fice Nakanoshima Central Tower 22nd Floor, 2-7,
Nakanoshima, 2-chome, Kita-ku, Osaka-shi, Osaka
5300005 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,
KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: ALTERNATING VOLTAGE GENERATION APPARATUS AND POWER OUTPUT APPARATUS

PL2

VL1 ULt

bR Jk o114 Ap1e~)([ Fp1s} (50
72 {5 |
af1 ais ais
22

6

T

PL1
o L [\]:r[cz o
[6 ;B :01 02 012 Q4 016
'I' T p2% JF | X D125[(3014—‘{[}ms
7 f .
SLoSM0 pwe 'PWM1 ~20
DZI;I@DZJjE}DZEE
Q21 o23 Q25 ‘
32 :
22 o = s
Q22 Q24 Q26 i
3 D22>i[;}024—\1[;}D25
o :
)i Ve ¥ i
e
Vb CONTROL DEVICE

TRI,2 MRN1,2 AC G

(57) Abstract: A power output apparatus (100) includes first and second motor generators (MG1, MG2), first and second inverters
(20, 30) and a relay circuit (40). The first and second motor generators (MG1, MG2) include first and second 3-phase coils (12, 14),
respectively. The first inverter (20) alters periodically the potential at a first neutral point (N1) of the 3-phase coil (12). The second
inverter (30) alters periodically the potential of the second neutral point (N2) of the second 3-phase coil (14) at phase corresponding
to a phase-inverted version of the potential change of the first neutral point (N1). The relay circuit (40) responds to a control signal
(CNTL) from the control device (60) to electrically connect first and second AC lines (ACL1, ACL2) to a connector (50), and
provides an alternating voltage generated across the first and second neutral points (N1, N2) to the connector (50).
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DESCRIPTION
Alternating Voltage Generation Apparatus and Power Output Apparatus

Technical Field

The present invention relates to alternating voltage generation apparatuses and
power output apparatuses. Particularly, the present invention relates to an alternating
voltage generation apparatus and a power output apparatus generating an alternating
voltage using two 3-phase coils.

Background Art

Japanése Patent Laying-Open‘No. 8-126121 discloses a vehicle-mounted charger
of an electric vehicle. This vehicle-mounted charger includes first and second 3-phase
coils, first and second inverters, and a battery. A commercial power supply is
connected to neutral points of the first and second 3-phase coils.

The first and second invertérs are provided corresponding to and connected to
the first 3-phase coil and the second 3-phase coil, respectively. ~The first and second
inverters are connected in parallel with the battery.

When the battery is to be charged by the first and second inverters, control is
adapted such that the first inverter conducts an equal current to the three coils in the
first 3-phase coil, and the second inverter conducts a current equal to the current
towards the three coils in the first 3-phase coil to the three coils in the second 3-phase
coil. Accordingly, the first and second inverters convert the alternating voltage from
the commercial power supply into a direct-current voltage for charging the battery.

The aforementioned publication of Japanese Patent Laying-Open No. 8-126121
discloses only the configuration of charging a battery using a commercial power supply.
Therefore, there is a problem that it is difficult to generate an alternating voltage as a

commercial power supply using two 3-phase coils for output to an external load.
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Disclosure of the Invention

In view of the foregoing, an object of the present invention is to provide an
alternating voltage generation apparatus generating an alternating voltage using two 3-
phase coils.

Another object of the present invention is to provide a power output apparatus
generating an alternating voltage using to two 3-phase coils.

According to an aspect of the present invention, an alternating voltage
generation apparatus includes first and second 3-phase coils, first and second inverters
connected to the first and second 3-phase coils, respectively, for receiving a direct-
current voltage from a voltage supply line, a relay circuit connected to a first neutral
point of the first 3-phase coil and a second neutral point of the second 3-phase coil, and
arranged between the first and second neutral points and an external load, and a control
device controlling the operation of the first and second inverters and the relay circuit.
The first inverter responds to a first control signal from the control device to generate a
first alternating voltage having a predetermined frequency at the first neutral point.

The second inverter responds to a second control signal from the control device to
generate a second alternating voltage having a predetermined frequency, corresponding
to a phase-inverted version of the first alternating voltage, at the second neutral point.
The relay circuit responds to a third control signal from the control device to electrically
connect the first and second neutral points with the external load to output to the
external load a third alternating voltage having a predetermined frequency, and
generated between the first and second neutral points.

Preferably, the first 3-phase coil includes first to third coils. The second 3-
phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,
respectively.  The control device includes first and second control units controlling the

first and second inverters, respectively. The first control unit controls switching of at

-2



10

15

20

25

WO 2006/059748 PCT/JP2005/022243

least one of the first to third arms so as to conduct a first alternating current of identical
phase, having a predetermined frequency, to at least one of the first to third coils. The
second control unit controls switching of at least one of the fourth to sixth arms so as to
conduct a second alternating current of identical phase, corresponding to a phase-
inverted version of the first alternating current, to at least one of the fourth to sixth coils.

Preferably, the first 3-phase coil includes first to third coils. The second 3-
phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,
respectively. The control device includes first and second control units controlling the
first and second inverters, respectively. The first control unit alters a first duty of the
first to third arms according to a first curve varying at a predetermined frequency to
control switching of the first to third arms. The second control unit alters a second
duty of the fourth to sixth arms according to a second curve corresponding to a phase-
inverted version of the first curve to control switching of the fourth to sixth arms.

Preferably, the first 3-phase coil includes first to third coils. The second 3-
phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,
respectively. - The control device includes first and second control units controlling the
first and second inverters, respectively. The first control unit controls the first inverter
such that an alternating voltage generated by the first to third coils is converted into a
direct-current voltage. The second control unit controls switching of at least one of
the fourth to sixth arms such that an alternating current of identical phase,
corresponding to a phase-inverted version of the alternating voltage generated by the
first to third coils, is conducted to at least one of the fourth to sixth coils.

Preferably, the alternating voltage generation apparatus further includes a direct

current power supply supplying a direct-current voltage to the voltage supply line. The

-3



10

15

20

25

WO 2006/059748 PCT/JP2005/022243

control device determines whether to permit output of the third alternating voltage to
the external load based on the state of charge of the direct current power supply.

Preferably, the relay circuit responds to a third control signal to electrically
disconnect the first and second neutral points from the external load when the control
device prohibits output of the third.alternating voltage to the external load.

Preferably, the control device controls the first and second inverters such that a
potential difference is not generated across the first and second neutral points when
output of the third alternating voltage to the external load is prohibited.

Preferably, the control device ceases the operation of the first and second
inverters when output of the third alternating voltage to the external load is prohibited.

According to another aspect of the present invention, a power output apparatus
includes a first motor generator with a first 3-phase coil as a stator coil, a second motor
generator with a second 3-phase coil as a stator coil, first and second inverters
connected to the first and second 3-phase coils, respectively, receiving a direct-current
voltage from a voltage supply line, a relay circuit connected to a first neutral point of the
first 3-phase coil and a second neutral point of the second 3-phase coil, and arranged ‘
between the first and second neutral points and an external load, and a control device
controlling the operation of the first and second inverters and the relay circuit. The
first inverter responds to a first control signal from the control device to generate a first
alternating voltage having a predetermined frequency at the first neutral point. The
second inverter responds to a second control signal from the control device to generate
a second alternating voltage having the predetermined frequency, corresponding to a
phase-inverted version of the first alternating voltage, at the second neutral point. The
relay circuit responds to a third control signal from the control device to electrically
connect the first and second neutral points with the external load to output to the
external load a third alternating voltage having a predetermined frequency, generated
across the first and second neutral points.

Preferably, the first 3-phase coil includes first to third coils, and the second 3-

-4
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phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils, respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,
respectively. The control device includes first and second control units controlling the
first and second inverters, respectively. When the first and second motor generators
are in a non-driving state, the first control unit controls switching of at least one of the
first to third arms such that a first alternating current of identical phase having a
predetermined frequency is conducted to at least one of the first to third coils, and the
second control unit controls switching of at least one of the fourth to sixth arms such
that a second alternating current of identical phase, corresponding to a phase-inverted
version of the first alternating current, is conducted to at least one of the fourth to sixth
coils.

Preferably, the first 3-phase coil includes first to third coils, and the second 3-
phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils, respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,
respectively. The control device includes first and second control units controlling the
first and second inverters, respectively. When the first and second motor generators
are in a driving state, the first control unit alters a first duty of the first to third arms
according to a first curve varying at a predetermined frequency to control switching of
the first to third arms, and the second control unit alters a second duty of the fourth to
sixth arms according to a second curve corresponding to a phase-inverted version of the
first curve to control switching of the fourth to sixth arms.

Preferably, the first 3-phase coil includes first to third coils, and the second 3-
phase coil includes fourth to sixth coils. The first inverter includes first to third arms
provided corresponding to the first to third coils, respectively. The second inverter
includes fourth to sixth arms provided corresponding to the fourth to sixth coils,

respectively. The control device inctudes first and second control units controlling the
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first and second inverters, respectively. When the first motor is in a regenerative mode,
and the second motor generator is in a non-driving state, the first control unit controls
the first inverter such that an alternating voltage generated by the first to third coils is
converted into a direct-current voltage, and the second control unit controls switching
of at least one of the fourth to sixth arms such that an alternating current of identical
phase, corresponding to a phase-inverted version of the alternating voltage generated by
the first to third coils, is conducted to at least one of the fourth to sixth coils.

Further preferably, the power output apparatus further includes a direct current
power supply supplying a direc.t-current voltage to the voltage supply line. The first
motor modulator is coupled to an internal combustion engine of a vehicle. The second
motor generator is coupled to a drive wheel of the vehicle. The control device controls
the first inverter such that, when a state of charge of the direct current power supply is
lower than a first predetermined value, output of the third alternating voltage to the
external load is prohibited, and power is generated from the first motor generator by
starting the internal combustion engine, and then permits output of the third alternating
voltage to the external load after the state of charge of the direct current power supply
exceeds at least a second predetermined value that is equal to or higher than the first
predetermined value. '

Preferably, the first predetermined value is higher as the temperature of the
internal combustion engine is lower.

In the alternating voltage generation apparatus of the present invention, first and
second alternating voltages having a predetermined frequency, and inverted in phase
with each other, are generated at the first neutral point of the first 3-phase coil and the
second neutral point of the second 3-phase coil, respectively. The relay circuit
connected to the first and second neutral points, and arranged between the first and
second neutral points and the external load responds to the third control signal from the
control device to electrically connect the first and second neutral points with the external

load, and outputs a third alternating voltage having the predetermined frequency, and
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generated across the first and second neutral points, to the external load.

Therefore, according to the present invention, an alternating voltage that can be
output to an external load is generated using two 3-phase coils, and the generated
alternating voltage can be supplied to the external load via a relay circuit.

According to the alternating voltage generation apparatus of the present
invention, the control device determines whether or not to permit output of the third
alternating voltage, generated across the first and second neutral points, to the external
load, based on the state of charge of the direct current power supply. Therefore,
determination can be made whether the third alternating voltage can be generated stably
or not before output of the third alternating voltage. As a result, output of an unstable
alternating voltage can be prevented.

According to the alternating voltage generation apparatus of the present
invention, the relay circuit electrically disconnects the first and second neutral points
from the external load when output of the third alternating voltage to thé external load is
not permitted by the control device. Therefore, output of an unstable alternating
voltage can be prevented.

According to the alternating voltage generation apparatus of the present
invention, the control device controls the first and second inverters such that a voltage
difference is not generated across the first and second neutral points when output of the
third alternating voltage to the external load is prohibited. Therefore, an unstable
alternating voltage will not be output even if a defect occurs in the relay circuit such as
welding.

According to the alternating voltage generation apparatus of the present
invention, the control device ceases the operation of the first and second inverters when
output of the third alternating voltage to the external load is prohibited.  Therefore,
output of an unstable alternating voltage can be prevented reliably.

In the power output apparatus of the present invention, first and second

élternating voltages having a predetermined frequency, and phase-inverted with respect
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to each other, are generated at the first neutral point of the first 3-phase coil included in
the first motor generator and at the second neutral point of the second 3-phase coil
included in the second motor generator, respectively. The relay circuit connected to
the first and second neutral points, and arranged between the first and second neutral
points and the external load, electrically connects the first and second neutral points to
the external load in response to the third control signal from the control device to output
the third alternating voltage having the predetermined frequency, and generated across
the first and second neutral points, to the external load.

Therefore, according to the present invention, an alternating voltage that can be
output to an external load is generated using two 3-phase coils in the motor generators,
and the generated alternating voltage can be output to the external load. Further, a
dedicated inverter to generate an alternating voltage for output to an external load does
not have to be provided additionally. Furthermore, the two inverters contribute
together to generating an alternating voltage.

In the power output apparatus of the present invention, the control device
prohibits output of the third alternating voltage, and starts the internal combustion
engine to generate power through the first motor generator when the state of charge of
the direct current power supply is insufficient, and then permits output of the third
alternating voltage after the state of charge of the direct current power supply is
sufficient to generate the alternating voltage stably. Therefore, output of unstable
alternating voltage can be prevented according to the present invention.

In the power output apparatus of the present invention, a first predetermined
value that is the threshold value of the charging state of the direct current power supply
to determine whether output of the third alternating voltage to the external load is to be
permitted or not becomes higher as the temperature of the internal combustion engine is
lower. Therefore, the starting timing of the internal combustion engine becomes
advanced as the temperature is lower corresponding to the case where a larger starting

torque is required.
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Therefore, according to the present invention, the state of the internal
combustion engine is also taken into account in the determination of whether to permit
output of the third alternating voltage to the external load. ~Output of an unstable
alternating voltage is prevented while the event of not being able to drive the internal
combustion engine in a low-temperature state can be avoided.

The foregoing and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the

present invention when taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic block diagram of a power output apparatus according to an
embodiment of the present invention,

Fig. 2 is a functional block diagram of a control device of Fig. 1.

Fig. 3 is a functional block diagram of a converter control unit of Fig. 2.

Fig. 4 is a functional block diagram of first and second inverter control units of
Fig. 2. '

Fig. 5 is a timing chart of an alternating current conducted to the 3-phase coils of
the motor generators of Fig. 1.

Fig. 6 represents the current flowing to the motor generators.

Fig. 7 is a waveform diagram of the summation of duty and alternating voltage
for a commercial power supply.

Fig. 8 represents current flowing to motor generators.

Fig. 9 is a timing chart of alternating current.

Fig. 10 is a flow chart of the operation of an alternating voltage output process
by an AC output control unit of Fig. 2.

Fig. 11 represents the dependency of the threshold value of the SOC of the
battery on the engine temperature.

Fig. 12 is a schematic block diagram corresponding to the case where the power

9.
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output apparatus of the present invention is applied to a hybrid vehicle.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be described in detail hereinafter with
reference to the drawings. In the drawings, the same or corresponding components
have the same reference characters allotted, and description thereof Will not be repeated.

Referring to the schematic block diagram of Fig. 1, a power output apparatus
100 according to an embodiment of the present invention includes a battery B, an up-
converter 10, inverters 20 and 30, motor generators MG1 and MG2, a relay circuit 40, a
connector 50, a control device 60, capacitors C1 and C2, power supply lines PL1 and
PL2, a ground line SL, U-phase lines UL1 and UL2, V-phase lines VL1 and VL2, W-
phase lines WL1 and WL2, AC lines ACL1 and ACL2, voltage sensors 70 and 72, and
current sensors 80 and 82.

Power output apparatus 100 is incorporated into, for example, a hybrid vehicle.
Motor generator MG1 is incorporated into the hybrid vehicle operating as a power
generator driven by an engine, and operating as a motor that can start the engine.

Motor generator MG?2 is incorporated into the hybrid vehicle as a motor thét can drive
the driving wheels of the hybrid vehicle.

Motor generators MG1 and MG2 are formed of 3-phase alternating synchronous
motors, for example, and include 3-phase coils 12 and 14, respectively, as stator coils.
Motor generator MG1 generates a 3-phase alternating voltage using the engine output
to output the generated 3-phase alternating voltage to inverter 20. Motor generator
MG also generates a driving force by the 3-phase alternating voltage from inverter 20
to start the engine. Motor generator MG2 generates a driving torque of the vehicle by
the 3-phase alternating voltage from inverter 30. At the time of regenerative braking of
the vehicle, motor generator MG2 generates and outputs to inverter 30 a 3-phase
alternating voltage.

Battery B that is the direct current power supply is formed of, for example, a

-10-
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nickel-hydrogen or lithium-ion secondary battery. Battery B outputs the generated
direct-current voltage to up-converter 10, and is charged by the direct-current voltage
output from up-converter 10.

Up-converter 10 includes a reactor L, npn transistors Q1 and Q2 and diodes D1
and D2. Reactor L has one end connected to a power supply line PL1, and the other
end connected to the connection node of npn transistors Q1 and Q2. Npn transistors
Q1 and Q2 are formed of, for example, IGBT (Insulated Gate Bipolar Transistor),
connected in series between a power supply line PL2 and a ground line SL to receive a
signal PWC from control device 60 at its base. Diodes D1 and D2 are connected
across the collector and emitter of npn transistors Q1 and Q2, respectively, so as to

-conduct current from the emitter side towards the collector side.

Inverter 20 includes a U-phase arm 22, a V-phase arm 24, and a W-phase arm 26.
U-phase arm 22, V-phase arm 24 and W-phase arm 26 are connected in parallel between
power supply line PL2 and ground line SL. U-phase arm 22 is formed of npn
transistors Q11 and S12 connected in series. V-phase arm 24 is formed of npn
transistors Q13 and Q14 connected in series. W-phase arm 26 is formed of npn
transistors Q15 and Q16 connected in series. Each of npn transistors Ql 1-Ql6is
formed of, for example, an IGBT. Diodes D11-D16 for conducting current from the
emitter side to the collector side are connected across the collector and emitter of npn
transistors Q11-Q16, respectively. The connection nodes of respective npn transistors
in each phase arm are connected via the U, V, and W phase lines of UL1, VL1 and WLI1
to respective coil ends of each phase coil of motor generator MG1 that differs from
neutral point N1. .

Inverter 30 includes a U-phase arm 32, a V-phase arm 34 and W-phase arm 36.
U-phase arm 32, V-phase arm 34 and W-phase arm 36 are connected in parallel between
power supply line PL2 and ground line SL. U-phase arm 32 is formed of npn
transistors Q21 and Q22 connected in series. V-phase arm 34 is formed of npn

transistors Q23 and Q24 connected in series. 'W-phase arm 36 is formed of npn
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transistors Q25 and Q26 comnected in series. Each of npn transistors Q21-Q26 is also
formed of an IGBT, for example. Diodes D21-D26 for conducting current from the
emitter side to the collector side are connected across the collector and emitter of npn
transistors Q21-Q26, respectively. In inverter 30, the connection nodes of respective
npn transistors in each phase arm are connected via U-phase line UL2, V-phase line VL2,
and W-phase line WL2 to respective coil ends of each phase coil in motor generator
MG? different from neutral point N2

Capacitor C1 is connected between power supply line PL1 and ground line SL to
reduce the effect caused by voltage variation on battery B and up-converter 10.
Capacitor C2 is connected between power supply line PL2 and ground line SL to reduce
the effect caused by voltage variatién on inverters 20 and 30 and up-converter 10.

Up-converter 10 boosts the direct-current voltage supplied from battery B via

power supply line PL1 to output the boosted voltage to power supply line PL2.

* Specifically, up-converter 10 responds to signal PWC from control device 60 to store

the flowing current according to the switching operation by npn transistor Q2 as the
magnetic field energy at reactor L to boost the direct-current voltage from battery B,
and provides the boosted voltage onto power supply line PL2 via diode D1 in
synchronization with the OFF timing of npn transistor Q2. Up-converter 10 responds
to signal PWC from control device 60 to down-convert the direct-current voltage from
inverter 20 and/or 30 via power supply line PL2 into the voltage level of battery B to
charge battery B.

Tnverter 20 responds to a signal PWM1 from control device 60 to convert the
direct-current voltage supplied from power supply line PL2 into a 3-phase alternating
voltage to drive motor generator MG1.  Accordingly, motor generator MG1 is driven
S0 as to generate a torque designated by a torque control value TR1. Inverter 20
converts the 3-phase alternating voltage generated by motor generator MG1 by
receiving an output from the engine into a direct-current voltage based on signal PWMI

from control device 60 to output the converted direct-current voltage onto power
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supply line PL2.

Inverter 30 responds to a signal PWM2 from control device 60 to convert the
direct-current voltage supplied from power supply line PL2 into a 3-phase alternating
voltage to drive motor generator MG2.  Accordingly, motor generator MG2 is driven
so as to generate a torque designated by a torque control value TR2. At the time of
regenerative braking of the hybrid vehicle to which power output apparatus 100 is
incorporated, inverter 30 converts the 3-phase alternating voltage generated by motor
generator MG2 by receiving the rotating force from the drive shaft into a direct-current
voltage based on signal PWM2 from control device 60 to provide the converted direct-
current voltage to power supply line PL2.  As used herein, "regenerative braking"
includes the braking operation with the regenerative power generation when the driver
of the hybrid vehicle depresses the foot brake, or reducing the speed (or ceasing
acceleration) of the vehicle during regenerative power generation by turning off the
accelerator pedal during driving without operating the foot brake.

Relay circuit 40 includes relays RY1 and RY2. Relays RY1 and RY2 are
formed of, for example, mechanical contact relays.  Alternatively, they may be
semiconductor relays. Relay RY1 is provided between an AC line ACL1 and
connector 50, and turned on/off in response to a control signal CNTL from control
device 60. Relay RY?2 is provided between an AC line ACL2 and connector 50, and
turned on/off in response to control signal CNTL from control device 60.

Relay circuit 40 responds to control signal CNTL from control device 60 to
connect/disconnect AC lines ACL1 and ACL2 to/from connector 50.  Specifically,
relay circuit 40 responds to control signal CNTL of an H level (logical high) from
control signal 60 to electrically connect AC lines ACL1 and ACL2 to connector 50, and
responds to control signal CNTL of an L level (logical low) from control device 60 to
electrically disconnect AC lines ACL1 and ACL2 from connector 30.

Connector 50 is an output terminal to output an alternating voltage Vac

generated across neutral points N1 and N2 of motor generators MG1 and MG2 to an

-13 -



10

15

20

25

WO 2006/059748 PCT/JP2005/022243

external load, and is connected to a receptacle for the power supply of an electrical
apparatus, or a socket for domestic emergency power supply.

Voltage sensor 70 detects a battery voltage Vb of battery B, and provides the
detected battery voltage Vb to control device 60. Voltage sensor 72 detects the
voltage across capacitor C2, , i.e. voltage Vdc output from up-converter 10
(corresponding to the input voltage to inverters 20 and 30; the same applies hereinafter),
and provides the detected voltage Vdc to control device 60.

Current sensor 80 detects motor current MCRT1 flowing to motor generator
MG, and provides the detected motor current MCRT]1 to control device 60. Current
sensor 82 detects a motor current MCRT2 flowing to motor generator MG2, and
provides the detected motor current MCRT2 to control device 60.

Control device 60 generates a signal PWC to drive an up-converter 10, based on
torque control values TR1 and TR2 and motor revolution counts MRN1 and MRN2 of
motor generators MG1 and MG?2, output from an externally-provided ECU (Electronic
Control Unit), battery voltage Vb from voltage sensor 70, and voltage Vdc from voltage
sensor 72. The generated signal PWC is output to up-converter 10.

Control device 60 generates and provides to inverter 20 a signal PWMI1 to drive
motor generator MG1, based on voltage Vdc, as well as motor current MCRT1 and
torque control value TR1 of motor generator MG1. Control device 60 also generates
and provides to inverter 30 a signal PWM2 to drive motor generator MG2, based on
voltage Vdc, as well as motor current MCRT2 and torque control value TR2 of motor
generator MGG2.

Control device 60 generates signals PWM]1 and PWM2 to control inverters 20
and 30 such that alternating voltage Vac for commercial power supply is generated
across neutral points N1 and N2 of motor generators MG1 and MG2, based on a signal
IG from the ignition switch (or ignition key) and a signal AC from the ECU.  Signals
IG and AC will be described afterwards.

Further, control device 60 determines whether alternating voltage Vac for

-14 -



10

15

20

25

WO 2006/059748 PCT/JP2005/022243

commercial power supply generated across neutral points N1 and N2 of motor
generators MG1 and MG2 can be output stably to the external load based on the SOC
(State Of Charge) of battery B and the power-generating state of power generator MG1
that generate power according to the engine output. When determination is made that
alternating voltage Vac can be output stably, control signal CNTL of an H level is
output to relay circuit 40. When determination is made that alternating voltage Vac
cannot be output stably, control signal CNTL of an L level is output to relay circuit 40,
whereby control device 60 executes an AC output stop process to prevent generation
of a voltage difference across neutral points N1 and N2 of motor generators MG1 and
MG?2. |

Referring to the functional block diagram of Fig. 2, control device 60 includes a
converter control unit 61, first and second inverter control units 62 and 63, and an AC
output control unit 64. Converter control unit 61 generates a signal PWC to turn
ON/OFF npn transistors Q1 and Q2 of up-converter 10, based on battery voltage Vb,
voltage Vdc, torque control values TR1 and TR2, and motor revolution counts MRN1
and MRN2. The generated signal PWC is output to up-converter 10,

First inverter control unit 62 generates and provides to inverter 20 a signal
PWM1 to turn ON/OFF npn transistors Q11-Q16 of inverter 20, based on torque
control value TR1 and motor current MCRT1 of motor generator MG1, as well as
voltage Vde.

Second inverter control unit 63 generates and provides to inverter 30 a signal
PWM2 to turn ON/OFF npn transistors Q21-Q26 of inverter 30, based on torque
control value TR2 and motor current MCRT2 of motor generator MG2, as well as
voltage Vdc.

AC output control unit 64 responds to signals IG and AC to determine the
driving state of motor generators MG1 and MG2 based on torque control values TR 1
and TR2 and motor revolution counts MRN1 and MRN2. Signal AC has its logic level

altered according to the operation of, for example, AC output switch. Signal AC of an
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H level indicates that output of alternating voltage Vac for commercial power supply is
requested. Signal AC of an L level indicates that output of alternating voltage Vac is
not requested.  Signal IG has its logic level altered according to the operation of the
ignition switch. Signal IG of an H level indicates that the hybrid vehicle to which
poWer output apparatus 100 is incorporated has been started up.  Signal IG of an L
level indicates that the hybrid vehicle has been turned off.

In order to generate alternating voltage Vac according to the driving state of
motor generators MG1 and MG2, AC output control unit 64 generates and provides to
first and second inverter control units 62 and 63 control signals CTLO-CTL3.

Specifically, upon receiving signal IG of an H level and then signal AC of an L
level, AC output control unit 64 determines that generation of alternating voltage Vac is
not requested, and generates and provides to first and second inverter control units 62
and 63 a control signal CTLO.

When AC output control urﬁt 64 receives signal IG of an L level and then signal
AC of an H level, AC output control unit 64 determines that generation of alternating
voltage Vac has been requested when the hybrid vehicle is in an OFF state (non-driving
state of motor generators MG1 and MG?2) to generate and provide to first and second
inverter control units 62 and 63 a control signal CTL1.

Upon receiving signal IG of an H level and then signal AC of an H level, AC
output control unit 64 determines whether motor generators MG1 and MG2 are in a
regenerative mode or a power running mode based on torque control values TR1 and
TR2 and motor revolution counts MRN1 and MRN2.  Specifically, in rectangular
coordinates with the motor revolution count taken along the axis of abscissa and the
torque control values taken along the axis of ordinates, motor generator MGl isin a
power running mode when the relationship between motor revolution count MRN1 and
torque control value TR1 is present in the first or second quadrant, and motor generator
MG is in a regenerative mode when the relationship between motor revolution count

MRN1 and torque control value TR1 lies in the third or fourth quadrant. Thus, AC
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output control unit 64 determines whether motor generator MGl is in a power running
mode or regenerative mode depending upon which of the first to fourth quadrants the
relationship between motor rotation count MRN1 and torque control value TR1 lies in.
In a similar manner, AC output control unit 64 determines whether motor generator
MG?2 is in a power running mode or a regenerative mode depending ﬁpon which of the
first to fourth quadrants the relationship between motor revolution count MRN2 and
torque control value TR2 lies in.

Upon determining that motor generator MG1 (or MG2) is in a power running
mode, AC output control unit 64 determines that generation of alternating voltage Vac
is requested during the power running mode of motor generator MG1 (or MG2) to
generate and provide to first and second inverter control units 62 and 63 a control signal
CTL2.

Upon determining that motor generator MG1 (or MG2) isin a regenerative
mode, AC output control unit 64 determines that generation of alternating voltage Vac
is requested during the regenerative mode of motor generator MG1 (or MG2) to
generate and provide to first and second inverter control units 62 and 63 a control signal
CTL3

Further, AC output control unit 64 determines whether alternating voltage Vac
can be output stably to the external load connected to connector 50.  Control signal
CNTL of an H level is output to relay circuit 40 when determination is made that
alternating voltage Vac can be output stably. Control signal CNTL of an L level is
output to relay circuit 40 when determination is made that alternating voltage Vac
cannot be output stably.

Referring to the functional block diagram of Fig. 3, converter control unit 61
includes an inverter input voltage control calculation unit 112, a feedback voltage
control calculation unit 114, a duty ratio calculation unit 116, and a PWM signal
conversion unit 118. '

Inverter input voltage control calculation unit 112 calculates the optimum value
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(target value) of the inverter input voltage, i.e. voltage control value Vde_com, based on
torque control values TR1 and TR2 and motor revolution counts MRN1 and MRN2.
The calculated voltage control valué Vdc_com is provided to feedback voltage control
calculation unit 114,

Feedback voltage control calculation unit 114 calculates a feedback voltage
control value Vdc_com_fb to regulate output voltage Vdc to the level of voltage control
value Vdc_com, based on output voltage Vdc of up-converter 10 detected by voltage
sensor 72 and voltage control value Vdc_com from inverter input voltage control
calculation unit 112.  The calculated feedback voltage control value Vdc_com fb is
output to a duty ratio calculation unit 116,

Duty ratio calculation unit 116 calculates the duty ratio to regulate output
voltage Vdc of up-converter 10 to the level of voltage control value Vdc_com, based on
battery voltage Vb from voltage sensor 70 and feedback voltage control value
Vdc_com_fb from feedback voltage control calculation unit 114. The calculated duty
ratio is provided to PWM signal conversion unit 118.

PWM signal conversion unit 118 generates a PWM (pulse width modulation)
signal to turn ON/OFF npn transistors Q1 and Q2 of up-converter 10 based on the duty
ratio from duty ratio calculation unit 116. The generated PWM signal is output to npn
transistors Q1 and Q2 of up-converter 10 as signal PWC.

Since the power accumulation at reactor L is increased as the ON duty of npn
transistor Q2 of the lower arm of up-converter 10 becomes higher, a higher voltage
output can be obtained. The voltage of power supply line PL2 becomes lower as the
ON duty of npn transistor Q1 of the upper arm becomes higher. Therefore, the voltage
of power supply line PL2 can be set to an arbitrary voltage higher than or equal to the
output voltage of battery B by controlling the duty ratio of npn transistors Q1 and Q2.

Referring to the functional block diagram of Fig. 4, first and second inverter
control units 62 and 63 each include a motor control phase voltage calculation unit 120

and a PWM signal conversion unit 122.
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Motor control phase voltage calculation unit 120 receives input voltage Vdc of
inverters 20 and. 30 from voltage sensor 72, motor current MCRT1 (or MCRT?2)
flowing through each phase of motor generator MG1 (or MG2) from current sensor 80
(or 82), and torque control value TR1 (or TR2) from the ECU. Motor control phase
voltage calculation unit 120 calculates the voltage to be applied to each phase coil in
motor generator MG1 (or MG2) based on these input values. The calculated voltage
of each phase coil is output to PWM signal conversion unit 122.

PWM signal conversion unit 122 generates a signal PWM1_0 (one type of signal
PWMLI) (or PWM2_0 (one type of signal PWM2)) that turns ON/OFF each of npn
transistors Q11-Q16 (or Q21-Q26) of inverter 20 (or 30), based on the voltage control
value of each phase from motor control phase voltage calculation unit 120 upon
receiving control signal CTLO from AC output control unit 64. The generated signal
PWMI_0 (or PWM2_0) is output to each of npn transistors Q11-Q16 (or Q21-Q26) of
inverter 20 (or 30).

Thus, each of npn transistors Q11-Q16 (or Q21-Q26) has its switching
controlled, whereby the current to be conducted to each phase of motor generator MG1
(or MGZ2) so as to output the torque designated by motor generator MG1 (or MG2) is
controlled.  As a result, a motor torque corresponding to torque control value TR1 (or
TR2) is output.

Upon receiving control signal CTL1 from AC output control unit 64, PWM
signal conversion unit 122 generates a signal PWM1 1 (one type of sighal PWM1) (or
signal PWM?2_1 (one type of signal PWM?2)) that turns ON/OFF npn transistors Q11-
Q16 (or Q21-Q26) so as to conduct an alternating current of the same phase to U-phase
arm 22 (or 32), V-phase arm 24 (or 34), and W-phase arm 26 (or 36) of inverter 20 (or
30). The generated signal PWM1_1 (or PWM2_1) is output to npn transistors Q11-
Q16 (or Q21-Q26) of inverter 20 (or 30).

Upon receiving control signal CTL2 from AC output control unit 64, PWM
signal conversion unit 122 generates a signal PWM1_2 (one type of signal PWM1) (or
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PWM2_2) (one type of signal PWM?2)) that turns ON/OFF each of npn transistors Q11-
Q16 (or Q21-Q26) of inverter 20 (or 30) while altering the duty to control switching at
the commercial alternating frequency, based on each phase coil voltage control value
from motor control phase voltage calculation unit 120. The generated signal PWM1_2
(or PWM2_2) is output to npn transistors Q11-Q16 (or Q21-Q26) of inverter 20 (or 30).

Upon receiving control signal CTL3 from AC output control unit 64, PWM
signal conversion unit 122 generates a signal PWM1 _3 (one type of signal PWM1) (or
PWM2_3) (one type of signal PWM2)) that turns ON/OFF each of npn transistors Q11-
Q16 (or Q21-Q26) of inverter 20 (or 30) such that motor generator MG1 (or MG2)
generates an alternating voltage at the commercial alternating frequency. The
generated signal PWM1_3 (or PWM2 3) is output to npn transistors Q11-Q16 (or Q21-
Q26) of inverter 20 (or 30).

The method of generating alternating voltage Vac for commercial power supply
at power output apparatus 100 will be described hereinafter. First, the method of
generating alternating voltage Vac when motor generators MGl and MG2 are in a non-
driving state in power output apparatus 100 will be described.

Fig. 5 is a timing chart of the alternating current conducted to 3-phase coils 12
and 14 of motor generators MG1 and MG2 shown in Fig. 1. Fig. 6 represents the
current conducted to motor generators MG1 and MG2. Fig. 6 corresponds to the case
where alternating current Iac is conducted from neutral point N1 of motor generator
MGI to neutral point N2 of motor generator MG2.

Referring to Fig. 5, control device 60 controls the switching of U-phase arm 22,
V-phase arm 24, and W-phase arm 26 of inverter 20 such that an alternating current of
the same phase at the commercial alternating frequency is conducted to each phase coil
of 3-phase coil 12, and controls switching of U-phase arm 32, V-phase arm 34, and W-
phase arm 36 of inverter 30 such that an alternating current of the same phase,
corresponding to a phase-inverted version of the alternating current conducted to each

phase coil of 3-phase coil 12, is conducted to each phase coil of 3-phase coil 14.
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Specifically, at the former half of one cycle T of alternating currents Tui, Ivl,
Iwl; Tu2, Iv2, w2, npn transistors Q11, Q13 and Q15 are subjected to switching
control, and npn transistors Q12, Q14 and Q16 are turned OFF in inverter 20. In
inverter 30, npn transistors Q21, Q23 and Q25 are turned OFF, and npn transistors Q22,
Q24 and Q26 are switching-controlled.

At the latter half of one cycle T, npn transistors Q11, Q13 and Q15 are turned
off, and npn transistors Q12, Q14 and Q16 are switching-controlled in inverter 20. In
inverter 30, npn transistors Q21, Q23 and Q25 are switching-controlled, and npn
transistors Q22, Q24 and Q26 are turned OFF.

Accordingly, an alternating voltage having a commercial alternating frequency is
generated at neutral point N1 of 3-phase coil 12, whereas an alternating voltaget that is
a phase-inverted version of the alternating voltage generated at neutral point N1 of 3-
phase coil 12 is generated at neutral point N2 of 3-phase coil 14. When the external
load is connected to connector 50 and relay circuit 40 is turned ON, current flows from
npn transistors Q11, Q13 and Q15 (not shown) to npn transistors Q22, Q24 and Q26
(not shown) via phase lines UL1, VL1 and WL1 of each of the U, V and W phases, each
phase coil of 3-phase coil 12, neutral point N1, AC line ACL1, the external load, AC
line ACL2, neutral point N2, each f)hase coil of 3-phase coil 14, and phase lines UL2,
VL2 and WL2 of the U, V and W phases, as shown in Fig. 6, at the former half of one
cycle T. At the latter half of one cycle T, current flows from npn transistors Q21, Q23
and Q25 to npn transistors Q12, Q14, Q16 via phase lines UL2, VL2 and WL2 of each
of the U, V and W phases, each phase coil of 3-phase coil 14, neutral point N2, AC line
ACL2, the external load, AC line ACL1, neutral point N1, each phase coil of 3-phase
coil 12, and phase lines UL1, VL1 and WL1 of the U, V and W phases.

Thus, a current whose direction is switched for every half period of one cycle T,
i.e. alternating current Iac, is conducted between neutral point N1 of 3-phase coil 12 and
neutral point N2 of 3-phase coil 14. The frequency at which the current direction is

switched is the commercial alternating frequency. By controlling the duty of the npn
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transistor under switching-control such that the voltage difference between the
alternating voltage generated at neutral point N1 and the alternating voltage generated
at neutral point N2, corresponding to a phase-inverted version of the alternating voltage
generated at neutral point N1, is equal to the commercial alternating voltage, alternating
voltage Vac for commercial power supply can be generated across neutral points N1 and
N2. ‘

In the above-described case, alternating currents of the same phase are
conducted to each of 3-phase coils 12 and 14, and motor generators MG1 and MG2 are
not driven-controlled. Therefore, no torque is generated from motor generators MG1
and MG2.

The present invention is not limited to the above-described case in which all npn
transistors Q11, Q13 and Q15 and all npn transistors Q12, Q14 and Q16 of inverter 20
are turned ON/OFF, and all npn transistors Q21, Q23 and Q25 and all npn transistors
Q22, Q24, and Q26 of inverter 30 are turned ON/OFF to conduct an alternating current
of the same phase to each of 3-phase coils 12 and 14.  An alternating current of the
same phase can be conducted to each of 3-phase coils 12 and 14 by turning ON/OFF at
least one of npn transistors Q11, Q13 and Q15 and at least one of npn transistors Q12,
Q14 and Q16 in inverter 20, and turning ON/OFF at least one of npn transistors Q21,
Q23 and Q25 and at least one of npn transistors Q22, Q24 and Q26 in inverter 30.

A method of generating alternating voltage Vac when motor generators MG1
and MG2 are in a driving state in power output apparatus 100 will be described
hereinafter. In this case, the driving torque generated by motor generators MG1 and
MG?2 may be a power running torque or a regenerative torque. Namely , alternating
voltage Vac is generated in the case where the hybrid vehicle to which power output
apparatus 100 is incorporated has stopped, and motor generator MG1 coupled to the
engine is under regenerative driving and motor generator MG2 coupled to the drive
shaft of the vehicle is under reaction force control (power running driving), or in the

case where the hybrid vehicle to which power output apparatus 100 is incorporated is
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running, and motor generator MG is under regenerative driving and motor generator
MG?2 is under power running driving.

Referring to the waveform diagram of Fig. 7 representing the duty summation
and alternating voltage Vac for commercial power supply, curve k1 represents the
change in the duty summation during switching control of inverter 20, whereas curve k2
represents the change in the duty summation during switching control of inverter 30.

As used herein, "duty summation " is the value of subtracting the ON duty of the lower
arm from the ON duty of the upper arm in each inverter.

Specifically, the potential at neutral point N1 in inverter 20 (neutral point N2 in
inverter 30) rises or falls about the intermediate potential Vdc/2 of input voltage Vdc of
inverter 20 (30) depending upon the magnitude relationship between the ON duty of npn
transistors Q11, Q13 and Q15 (npn transistors Q21, Q23 and Q25 in inverter 30)
constituting the upper arm of inverter 20 (30) and the ON duty of npn transistors Q12,
Q14 and Q16 (npn transistors Q22, Q24 and Q26 in inverter 30) constituting the lower
arm of inverter 20 (30). Therefore, when the summation of the duty of inverter 20 (30)
is positive , the potential at neutral point N1 (N2) is higher than potential Vde/2.

When the summation of the duty of inverter 20 (30) is negative , the potential at neutral
point N1 (N2) is lower than potential Vdc/2.

The frequency at which the duty summation changes corresponds to the
commercial alternating frequency in Fig. 7.

In power output apparatus 100, control device 60 alters periodically the duty
summation of inverter 20 at the commercial alternating frequency according to curve k1,
and the duty summation of inverter 30 according to curve k2. The summation -of the
duty of inverter 30 can be altered periodically by a phase that is an inverted version of
the phase by which the duty summation of inverter 20 is altered.

At time t0, the duty summation at both of inverters 20 and 30 is O (namely, the
ON duty of the upper arm is equal to the ON duty of the lower arm). Neutral points
N1 and N2 both attain the potential level of Vdc/2, and alternating voltage Vac
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generated across neutral points Nland N2 is OV,

At time t0-t1, the potential at neutral point N1 becomes higher than potential
Vdc/2, and the potential at neutral point N2 becomes lower than potential Vdc/2.
Therefore, alternating voltage Vac generated across neutral points N1 and N2 rises to .
take the peak at time t1.

At time t1-t2, the potential at neutral point N1 gradually becomes lower than the
peak value, and the potential at neutral point N2 gradually becomes higher than the
lowest value. Alternating voltage Vac generated across neutral points N1 and N2
attains the level of 0V at time 2.

At time t2-13, the potential at neutral point N1 becomes lower than potential
Vdc/2, and the potential at neutral point N2 becomes higher than potential Vdc/2.
Therefore, alternating voltage Vac generated across neutral points N1 and N2 is boosted
towards the negative side with its polarity inverted from that during time t0-t2 to attain
the peak at the negative side at time t3. At time t3-t4, the potential at neutral poiht N1
gradually becomes higher than the lowest value, and the potential at neutral point N2
gradually becomes lower than the highest value. Alternating voltage Vac generated
across neutral points N1 and N2 falls from the highest value at the negative side to attain
the level of OV at time t4.

During time t0-t2, the ON duty of the upper arm is larger than the ON duty of
the lower arm at inverter 20. Thefefore, the current flowing from the upper arm of
inverter 20 to neutral point N1 of 3-phase coil 12 becomes larger than the current
flowing from neutral point N1 to the lower arm of inverter 20. At inverter 30, the ON
duty of the lower arm is larger than the ON duty of the upper arm. Therefore, the
current flowing from neutral point N2 of 3-phase coil 14 to the lower arm of inverter 30
becomes larger than the current flowing to neutral point N2 from the upper arm of
inverter 30. In inverters 20 and 30, the difference between the ON duty of the upper
arm and the ON duty of the lower arm has the same absolute value with opposite

polarities, as indicated by curves k1 and k2.
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Accordingly, when the external load is connected to connector 50 and relay
circuit 40 is ON, the current that could not flow from neutral point N1 to the lower arm
of inverter 20 among the current flowing from the upper arm of inverter 20.to neutral
point N1 flows to neutral point N2 of 3-phase coil 14 from neutral point N1 via AC line
ACL1, the external load, and AC line ACL2, and then from neutral point N2 to the
lower arm of inverter 30.

During time t2-t4, the ON duty of the upper arm is larger than the ON dufy of
the lower arm at inverter 30. Therefore, the current flowing to neutral point N2 of 3-
phase coil 14 from the upper arm of the inverter 30 becomes larger than the current
flowing from neutral point N2 to the lower arm of inverter 30. In inverter 20, the ON
duty of the lower arm is larger than the ON duty of the upper arm.  Therefore, the
current flowing from neutral point N1 of 3-phase coil 12 to the lower arm of inverter 20
becomes larger than the current flowing from the upper arm of the inverter 20 to neutral
point N1.

Accordingly, the current that could not flow from neutral point N2 into the
lower arm of inverter 30 among the current flowing from the upper arm of inverter 30 to
neutral point N2 in 3-phase coil 14 flows to neutral point N1 of 3-phase coil 12 from
neutral point N2 via AC line ACL2, the external load, and AC line ACL1, and then
flows from neutral point N1 to the lower arm of inverter 20.

Fig. 8 represents the current flowing across motor generators MG1 and MG2.
Fig. 8 corresponds to the case where alternating current Iac flows from neutral point N1
of motor generator MG to neutral point N2 of motor generator MG2.

Referring to Fig. 8, inverter 20 (not shown) connected to each of the U, V and
W phase lines of UL1, VL1 and WL1 conducts switching based on signal PWMI1 from
control device 60. The U-phase current formed of current components Tul_t and
Iul_ac is conducted to the U-phase coil of motor generator MG1. The V-phase
current formed of current components Ivl_t and Ivl_ac is conducted to the V-phase

coil of motor generator MG1. The W-phase current formed of current components
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Iwl _t and Iwl_ac is conducted to the W-phase coil of motor generator MG1.

Inverter 30 (not shown) connected to the U, V, and W phase lines of UL2, VL2
and WL2 conducts switching based on signal PWM2 from control device 60. The U-
phase current formed of current components Iu2 t and Iu2_ac is conducted to the U-
phase coil of motor generator MG2. The V-phase current formed of current
components Iv2 t, and Iv2_ac is conducted to the V-phase coil of motor generator
MG2. The W-phase current formed of current components Iw2 _t and Iw2_ac is
conducted to the W-phase coil of motor generator MG2.

As used herein, current components Tul_t, Ivl_t and Iw1_t are directed to
generating a torque from motor generator MG1, whereas current components Iu2 t,
Iv2_t and Iw2 _t are directed to generating a torque from motor gerferator MG2.
Current components Tul_ac, Ivl_ac and Iwl_ac flow to neutral point N1 of 3-phase
coil 12 from the upper arm of inverter 20 by the control of setting the ON duty of the
upper arm larger than the ON duty of the lower arm.  Current components Tu2_ac,
Iv2_ac and Iw2_ac flow into the lower arm of inverter 30 from neutral point N2 of 3-
phase coil 14 by the control of setting the ON duty of the lower arm larger than the ON
duty of the upper arm in inverter 30. Current components Iul_ac, Ivl_ac, Iwl_ac,
Iu2_ac, Iv2_ac and Iw2_ac are equal to each other, and do not contribute to the torque
of motor generators MG1 and MG2. The total value of current components Iul_ac,
Ivl_ac and Iwl_ac and the total value of current components Iu2._ac, Iv2_ac and
Iw2_ac each correspond to alternating current Iac.

Inverters 20 and 30 can generate alternating voltage Vac across neutral points
N1 and N2 of motor generators MG1 and MG2 while controlling the drive of motor
generators MG1 and MG2.

The method of generating alternating voltage Vac for commercial power supply
when motor generator MG1 is in a regenerative mode and motor generator MG2 isin a
non-driving state will be described hereinafter.

Referring to the timing chart of the alternating current of Fig. 9, inverter 20
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drives motor generator MG1 in a regenerative mode. Therefore, motor generator

MG! supplies the generated regenerative current IREG to inverter 20. Inverter 30
conducts alternating currents Iu2, Iv2 and Iw?2 that have the same phase with each other,
corresponding to a phase-inverted version of regenerative current IREG, to the U-phase
coil, V-phase coil, and W-phase coil, respectively, of 3-phase coil 14.

By controlling inverters 20 and 30 such the frequency of regenerative current
IREG and alternating currents Iu2, Iv2 and Iw2 attain the commercial alternating
frequency, and the voltage difference across neutral points N1 and N2 of 3-phase coils
12 and 14 attains the level of commercial alternating voltage, alternating voltage Vac for
commercial power supply can be generated across neutral points N1 and N2.

Inverter 30 only conducts alternating currents Iu2, Iv2 and Iw2 of equal phase to
each other to the U-phase coil, V-phase coil and W-phase coil, respectively, of 3-phase
coil 14, as set forth above, and does not control the drive of motor generator MG2.
Therefore, motor generator MG2 generates no torque.

The present invention is not limited to the above-described embodiment in which
all of npn transistors Q21, Q23 and Q25 and all of npn transistors Q22, Q24 and Q26 of
inverter 30 are turn ON/OFF to conduct an alternating current of identical phase in each
phase coil of 3-phase coil 14, and only at least one of npn transistors Q21, Q23 and Q25,
and at least one of npn transistors Q22, Q24 and Q26 of inverter 30 may be turned
ON/OFF.

Although power output apparatus 100 can generate alternating voltage Vac in
accordance with the method set forth above, alternating voltage Vac cannot be
generated stably in the case where output of alternating voltage Vac to the external load
is initiated when the SOC of battery B is insufficient, or when power is not generated by
motor generator MG1. Further, the level of alternating voltage Vac will be reduced if
the SOC of battery B is insufficient by the generation of alternating voltage Vac. In
this context, AC output control unit 64 in power output apparatus 100 determines

whether alternating voltage Vac can be output stably to the external load connected to
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connector 50, and controls the permission or prohibition of alternating voltage Vac
output based on the determination result.

Fig. 10 is a flow chart of the operation related to the alternating voltage output

. process by AC output control circuit 64 described with reference to Fig. 2. Referring

to Fig. 10, AC output control unit 64 determines whether the logic level of signal AC
from the ECU is at an H level or not to determine whether output of alternating voltage
Vac for commercial power supply is requested or not (step S2). When determination is
made that signal AC is at an L level (NO at step S2), AC output control unit 64
determines that output of alternating voltage Vac is not requested, and the process ends.

When determination is made that signal AC is at an H level (YES at step S2),
AC output control unit 64 checks the SOC of battery B and the engine state to -
determine whether alternating voltage Vac can be output stably or not.  Specifically,
AC output control unit 64 detects the SOC of battery B to determine whether it is lower
than threshold value Sth (T) that depends on engine temperature T, as will be described
afterwards (step S4).

When determination is made that the SOC of battery B is lower than threshold
value Sth (T) (YES at step S4), the engine coupled to motor generator MGl is started
by motor generator MG1 (step S6), and power is generated by motor generator MG1
(step S8). When determination is made that the SOC of battery B is not lower than
threshold value Sth (T) at step S4 (NO at step S4), control proceeds to step S10.

Threihold value Sth (T) for the SOC of battery B depends on engine
temperature T, and becomes higher as engine temperature T is lower, as shown in Fig.
11. Ttisto be noted that the engine is started by motor generator MG1, and a large
torque is required at the time of starting in a low-temperature state since the working
resistance of cranking becomes greater due to the increase of the oil viscosity.
Therefore, the engine starting timing corresponding to the SOC of battery B is advanced
in a low engine temperature state that requires a large torque current to start the engine.

In other words, AC output control unit 64 identifies the relationship between the
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SOC of battery B with threshold value Sth (T) depending on engine temperature T, i.e.
the SOC of battery B and the engine state (engine temperature T and power-generated
state by engine) in determining whether alternating voltage Vac can be output stably or
not.

Then, AC output control unit 64 determines whether to permit output of
alternating voltage Vac or not based on the SOC of battery B and the engine state, as
well as whether voltage Vdc vapplied to inverters 20 and 30 is reliably provided or not
(step S10). Specifically, AC output control unit 64 determines whether or not to
permit output of alternating voltage Vac based on whether the SOC of battery B is at
least threshold value Sth (T) depending upon engine temperature T, and sufficient to
output alternating voltage Vac stably, and also whether input voltage Vdc required to
generate alternating voltage Vac is provided reliably or not.

In the case where the SOC of battery B is lower than threshold value Sth (T),
and power is generated by motor generator MG1, AC output control unit 64 may permit
output of alternating voltage Vac after the SOC of battery B becomes higher than
another threshold value that is higher than threshold value Sth (T). This prevents
frequent switching of permitting/prohibiting output of alternating voltage Vac caused by
variation of the SOC in the vicinity of threshold value Sth (T).

When output of alternating voltage Vac is permitted at step S10 (YES at step
S10), alternating voltage Vac is generated across neutral points N1 and N2 of motor
generators MG1 and MG?2 by inverters 20 and 30. AC output control unit 64 outputs
control signal CNTL of an H level to relay circuit 40. Accordingly, alternating voltage
Vac for commercial power supply is output to the external load connected to connector
50 (step S12).

When output of alternating voltage Vac is not permitted (NO at step S10), AC
output control unit 64 outputs control signal CNTL of an L level to relay circuit 40.
Furthermore, control device 60 controls inverters 20 and 30 with the same switching

pattern so as to prevent generation of alternating voltage Vac across neutral points N1
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and N2 of motor generators MG1 and MG2. Accordingly, output of alternating
voltage Vac can be inhibited reliably even if a defect such as welding occurs in relay
circuit 40 (step S14). In the case where the hybrid vehicle to which power output
apparatus 100 is incorporated is turned off, the switching operation of inverters 20 and
30 may be suppressed to prevent generation of alternating voltage Vac across neutral
points N1 and N2 of motor generators MG1 and MG2.

During output of alternating voltage Vac, AC output control unit 64 determines
whether to stop output of alternating voltage Vac based on information such as signal
AC and detection of an abnormal event (step S16). When AC output control unit 64
determines that the output of alternating voltage Vac is not to be suppressed (NO at
step S16), output of alternating voltage Vac to the external load connected to connector
50 is continued. | |

When AC output control unit 64 determines that output of alternating voltage
Vac is to be ceased in response to the AC output switch being operated to result in
signal AC of an L level or upon detection of some error (YES at step S16), output of
alternating voltage Vac is ceased according to a procedure similar to that of step S14-

"(step S18).

Thus, according to power output apparatus 100 of the present invention,
alternating voltage Vac for commercial power supply can be generated across neutral
points N1 and N2 by controlling the potential at neutral points N1 and N2 of 3-phase
coils 12 and 14 in motor generators MG1 and MG2.

In the case where alternating voltage Vac is to be generated when motor
generators MG1 and MG?2 are in a non-driving state, alternating voltage Vac can be set
at an arbitrary frequency by selecting the frequency of the alternating current of identical
phase conducted to respective phase coils of 3-phase coil 12 of motor generator MG1
by inverter 20, and the frequency of the alternating current of identical phase,
corresponding to a phase-inverted version of the alternating current in motor generator

MG1, conducted to respective phase coils of 3-phase coil 14 of motor generator MG2
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by inverter 30. In other words, power output apparatus 100 can generate alternating
voltage Vac of an arbitrary frequency.

In the case where alternating voltage Vac is to be generated when motor
generator MG1 and MG2 are in a driving state in power output apparatus 100, the
frequency of alternating voltage Vac is determined by the frequency that alters the duty
when npn transistors Q11-Q16 and Q21-Q26 included in inverters 20 and 30 are
switching-controlled. Therefore, alternating voltage Vac can be set at an arbitrary
frequency by selecting the frequency that is employed to alter the duty when npn
transistors Q11-Q16 and Q21-Q26 are switching-controlled. In other words, power
output apparatus 100 can output alternating voltage Vac having an arbitrary frequency.

In the case where alternating voltage Vac is to be generated when motor
generator MG1 is in a regenerative mode and motor generator MG?2 is in a non-driving
state in power output apparatus 100, alternating voltage Vac can be set at an arbitrary
frequency by selecting the frequency of the alternating current of identical phase
conducted to each phase coil of 3-phase coil 14 of motor generator MG?2 by inverter 30
and the frequency of regenerative current IREG. In other words, power output
apparatus 100 can generate alternating voltage Vac of an arbitrary frequency.

Since permission of output of alternating voltage Vac to the external load is
determined based on the SOC of battery B in power output apparatus 100,
determination can be made whether alternating voltage Vac can be generated stably or
not prior to output of alternating voltage Vac. This prevents the output of an unstable
operating voltage Vac.

When output of alternating voltage Vac to the external load is not permitted in
power output apparatus 100, relays RY1 and RY?2 in relay circuit 40 are turned off.
Therefore, output of an unstable alternating voltage Vac is prevented. Furthermore,
since inverters 20 and 30 are controlled such that a voltage difference is not generated
across neutral points N1 and N2, output of an unstable alternating voltage can be

prevented reliably even if there is a defect such as welding in relays RY1 and RY2 in
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relay circuit 40.

Since power output apparatus 100 generates alternating voltage Vac using
inverters 20 and 30 that drive motor generators MG1 and M2, a dedicated inverter to
obtain alternating voltage Vac is not required. Furthermore, two inverters 20 and 30
contribute together to generating an alternating voltage.

Fig. 12 is a schematic block diagram representing the case where power output
apparatus 100 of the present invention is applied to a hybrid vehicle. Referring to Fig.
12, motor generator MG1 is coupled to an engine 92 to start engine 92 as well as to
generate power through the output from engine 92. Motor generator MG2 is coupled
to a driving wheel 94 to drive the same, and generates power during a regenerative
braking mode of the hybrid vehicle.

Connector 50 is connected to a receptacle 55 of an AC load 96 identified as an
external load. Power output apparatus 100 supplies alternating voltage Vac for
commercial power supply to AC load 96 via connector 50 and receptacle 55.
Accordingly, AC load 96 can operate by receiving supply of alternating voltage Vac
from power output apparatus 100.

Thus, the hybrid vehicle to which power output apparatus 100 is incorporated
can be utilized as commercial AC power supply. Since this hybrid vehicle does not
include a dedicated inverter to generate alternating voltage Vac, the added-value effect
as a commercial AC power supply can be provided while realizing reduction in the size
and weight as well as the cost of the vehicle.

The present invention is not limited to the above-described embodiment in which
power output apparatus 100 is incorporated into a hybrid vehicle, and power output
apparatus 100 may be employed in an electric vehicle or a fuel cell vehicle. The
present invention is applicable to an apparatus that uses two motor generators. Inthe
case where power output apparatué 100 is incorporated in an electric vehicle or a fuel
cell electric vehicle, motor generators MG1 and MG2 are coupled to the driving wheel

of the electric vehicle or fuel cell vehicle.
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In the description set forth above, 3-phase coils 12 and 14 correspond to "first
and second 3-phase coils", respectively. Inverters 20 and 30 correspond to "first and
second inverters", respectively. First and second inverter control units 62 and 63
correspond to "first and second control units", respectively. Battery B corresponds to
"direct current power supply”. Motor generators MGland MG2 correspond to "first
and second motor generators", respectively. Threshold value Sth (T) of the SOC of
battery B cérresponds to "first predetermined value".

Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to
be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.
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CLAIMS

1. An alternating voltage generation apparatus comprising;

first and second 3-phase coils (12, 14),

first and second inverters (20, 30) connected to said first and second 3-phase
coils (12, 14), respectively, to receive a direct-current voltage from a voltage supply line,

a relay circuit (40) connected to a first neutral point (N1) of said first 3-phase
coil (12) and a second neutral point (N2) of said second 3-phase coil (14), and arranged
between said first and second neutral points (N1, N2) and an external load (96), and

a control device (60) controlling an operation of said first and second inverters
(20, 30) and said relay circuit (40), wherein

said first inverter (20) responds to a first control signal from said control device
(60) to generate a first alternating voltage having a predetermined frequency at said first
neutral point (N1),

said second inverter (30) responds to a second control signal from said control
device (60) to generate at said second neutral point (N2) a second alternating voltage
haviﬁg said predetermined frequency, and corresponding to a phase-inverted version of
said first alternating voltage, and

said relay circuit (40) responds to a third control signal from said control device
(60) to electrically connect said first and second neutral points (N1, N2) with said
external load (96), and provides to said external load (96) a third alternating voltage
having said predetermined frequency, and generated across said first and second neutral

points (N1, N2).

2. The alternating voltage generation apparatus according to claim 1, wherein
said first 3-phase coil (12) comprises first to third coils,
said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
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corresponding to said first to third coils, respectively,

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) corhprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively,

said first control unit (62) controls switching of at least one of said first to third
arms (22, 24, 26) such that a first alternating current of identical phase, having said
predetermined frequency, is conducted to at least one of said first to third coils, and

said second control unit (63) controls switching of at least one of said fourth to
sixth arms (32, 34, 36) such that a second alternating current of identical phase,
corresponding to a phase-inverted version of said first alternating current, is conducted

to at least one of said fourth to sixth coils.

3. The alternating voltage generation apparatus according to claim 1, wherein

said first 3-phase coil (12) comprises first to third coils,

said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
corresponding to said first to third coils, respectively,

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) comprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively,

said first control unit (62) alters a first duty of said first to third arms (22, 24, 26)
according to a first curve (k1) that changes at said predetermined frequency to control
switching of said first to third arms (22, 24, 26), and

said second control unit (63) alters a second duty of said fourth to sixth arms (32,
34, 36) according to a second curve (k2) corresponding to a phase-inverted version of

said first curve (k1) to control switching of said fourth to sixth arms (32, 34, 36).
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4. The alternating voltage generation apparatus according to claim 1, wherein

said first 3-phase coil (12) comprises first to third coils,

said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
corresponding to said first to third coils, respectively,

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) comprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively,

said first control unit (62) controls said first inverter (20) such that an alternating
voltage generated by said first to third coils is converted into a direct-current voltage,
and

said second control unit (63) controls switching of at least one of said fourth to
sixth arms (32, 34, 36) such that an alternating current of identical phase, corresponding
to a phase-inverted version of the alternating voltage generated by said first to third coils,

is conducted to at least one of said fourth to sixth coils.

5. The alternating voltage generation apparatus according to any one of claims
1-4, further comprising a direct current power supply (B) supplying said direct-current
voltage to said voltage supply line,

wherein said control device (60) determines whether to permit output of said
third alternating voltage to said external load (96) based on a state of charge of said
direct current power supply (B).

6. The alternating voltage generation apparatus according to any one of claims
1-4, wherein said relay circuit (40) electrically disconnects said first and second neutral

points (N1, N2) from said external load (96) according to said third control signal when

-36 -



10

15

20

25

WO 2006/059748 PCT/JP2005/022243

output of said third alternating voltage to said external load (96) is prohibited by said

control device (60).

7. The alternating voltage generation apparatus according to any one of claims
1-4, wherein said control device (60) controls said first and second inverters (20, 30)
such that a voltage difference is not generated across said first and second neutral points
(N1, N2) when output of said third alternating voltage to said external load (96) is
prohibited.

8. The alternating voltage generation apparatus according to any one of claims
1-4, wherein said control device (60) ceases operation of said first and second inverters
(20, 30) when output of said third alternating voltage to said external load (96) is
prohibited.

9. A power output apparatus comprising:

a first motor generator (MG1) including a first 3-phase coil (12) as a stator coil,

a second motor generator (MG?2) including a second 3-phase coil (14) as a stator
coil,

first and second inverters (20, 30) connected to said first and second 3-phase coil
(12, 14), respectively, receiving a direct-current voltage from a voltage supply line,

a relay circuit (40) connected to a first neutral point (N1) of said first 3-phase
coil (12) and a second neutral point (N2) of said second 3-phase coil (14), and arranged
between said first and second neutral points (N1, N2) and an external load (96), and

a control device (60) controlling an operation of said first and second inverters
(20, 30) and said relay circuit (40), wherein

said first inverter (20) responds to a first control signal from said control device
(60) to generate a first alternating voltage having a predetermined frequency at said first

neutral point (N1),
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said second inverter (30) responds to a second control signal from said control
device (60) to generate a second alternating voltage having said predetermined
frequency, and corresponding to a phase-inverted version of said first alternating voltage,
at said second neutral point (N2), and |

said relay circuit (40) responds to a third control signal from said control device
(60) to electrically connect said first and second neutral points (N1, N2) to said external
load (96), and provide a third alternating voltage having said predetermined frequency,

generated across said first and second neutral points (N1, N2), to said external load (96).

10. The power output apparatus according to claim 9, wherein

said first 3-phase coil (12) comprises first to third coils,

said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
corresponding to said first to third coils, respectively,-

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) comprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively, and

when said first and second motor generators (MG1, MG2) are in a non-driving
state,

said first control unit (62) controls switching of at least one of said first to third
arms (22, 24, 26) such that a first alternating current of identical phase, having said
predetermined frequency, is conducted to at least one of said first to third coils, and

said second control unit (63) controls switching of at least one of said fourth to
sixth arms (32, 34, 36) such that a second alternating current of identical phase,
corresponding to a phase-inverted version of said first alternating current, is conducted

to at least one of said fourth to sixth coils.
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11. The power output apparatus according to claim 9, wherein

said first 3-phase coil (12) comprises first to third coils,

said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
corresponding to said first to third coils, respectively,

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) comprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively, and

when said first and second motor generators (MG1, MG2) are in a driving state,

said first control unit (62) alters a first duty of said first to third arms (22, 24, 26)
according to a first curve (k1) that changes at said predetermined frequency to control
switching of said first to third arms (22, 24, 26), and

said second control unit (63) alters a second duty of said fourth to sixth arms (32,
34, 36) according to a second curve (k2), corresponding to a phase-inverted version of

said first curve (k1), to control switching of said fourth to sixth arms (32, 34, 36).

12. The power output apparatus according to claim 9, wherein

said first 3-phase coil (12) comprises first to third coils,

said second 3-phase coil (14) comprises fourth to sixth coils,

said first inverter (20) comprises first to third arms (22, 24, 26) provided
corresponding to said first to third coils, respectively,

said second inverter (30) comprises fourth to sixth arms (32, 34, 36) provided
corresponding to said fourth to sixth coils, respectively,

said control device (60) comprises first and second control units (62, 63) for
controlling said first and second inverters (20, 30), respectively, and

when said first motor generator (MG1) is in a regenerative mode, and said

second motor generator (MG2) is in a non-driving state,
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said first control unit (62) controls said first inverter (20) such that an alternating
voltage generated by said first to third coils is converted into a direct-current voltage,
and '

said second control unit (63) controls switching of at least one of said fourth to
sixth arms (32, 34, 36) such that an alternating current of identical phase, corresponding
to a phase-inverted version of the alternating voltage generated by said first to third coils,

is conducted to at least one of said fourth to sixth coils.

13. The power output apparatus according to any one of claims 9-12, further
comprising a direct current power supply (B) supplying said direct-current voltage to
said voltage supply line, wherein

said first motor generator (MG1) is coupled to an internal combustion engine
(92) of a vehicle,

said second motor generator (MG2) is coupled to a driving wheel (94) of said

-vehicle,

said control device (60) controls said first inverter (20) such that, when a state of
charge of said direct current power supply (B) is lower than a first predetermined value,
output of said third alternating voltage to said external load (96) is prohibited, and
power is generated from said first motor generator (MG1) by starting said internal
combustion engine (92), and |

permitting output of said third alternating voltage to said external load (96) after
the state of charge of said direct current power supply (B) exceeds at least a second

predetermined value that is equal to or higher than said first predetermined value.
14. The power output apparatus according to claim 13, wherein said first

predetermined value is larger as a temperature of said internal combustion engine (92) is

lower.
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