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& (57) Abstract: When it is determined that an electric storage (B) is to be charged from a commercial power source (55), a controller
(60) sets a control target of a voltage VH of a power line (P1.2) to be controlled by a boost converter (10), based on a voltage Vac of
the commercial power source (55). Specifically, the controller (60) sets the control target of the voltage VH to a level approximately
equal to the crest value of voltage Vac. Then, the controller (60) outputs an input permission command (EN) to a relay circuit (40),

g and controls inverters (20, 30) to execute charging of the electric storage (B).
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DESCRIPTION

Charge Control Apparatus, Electrically Powered Vehicle and Electric Storage Charge
Control Method

Technical Field

The present invention relates to a chérge control apparatus and to an
electrically powered vehicle. More specifically, the present invention relates to
charge control of an electric storage mounted on an elecfrically powered vehicle sgch
as an electric vehicle or a hybrid vehicle.

Background Art .

Japanese Patent Laying-Open No. 04- 295202 dlscloses an electric motor drive
and power processing apparatus used in an electrlcally powered vehicle. The electric
motor drive and power processing apparatus 1ncludes a secondary battery, inverters IA
and IB, induction motors MA and MB, and a control unit. Induction motors MA and
MB respectively include Y-connected windings CA and CB, and to neutral points NA
and NB of windings CA and CB, input/output ports are connected through an EMI
filter. -

Inverters IA and IB are prov1ded corresponding to induction motors MA and
MB, respectively, and connected to wmdmgs CA and CB, respectlvely Inverters IA
and IB are connected parallel to the secondary battery.

When the electric motor drive and power processmg apparatus operates in 2
recharging mode, an AC power is supplied to neutral points NA and NB of windings
CA and CB, from a single phase power source connected to the input/output port
through the EMI filter, and inverters IA and IB convert the AC power supplied to the
neutral points NA and NB to a DC power and charge the DC power source.

In the electric motor drive and power processing apparatus, however, in order

10 realize a controlled battery charge with power factor of 1, single phase power
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source available for charging the battery is limited. Specifically, the peak voltage (crest
value) of the single phase power source for charging the battery must not exceed the
battery voltage, and if the voltage crest value of single phase power source should exceed
the battery voltage, it becomes impossible to control the power flow and power factor as

requested, in the electric motor drive and power processing apparatus described above.

Disclosure of the Invention

The present disclosure was made to solve the above-described problem, and to
provide a charge control apparatus that does not limit voltage level of an external power
source available for charging an electric storage.

An aspect of the present disclosure is to provide an electrically-powered vehicle
that does not limit voltage level of an external power source available for " charging an
electric storage

The present disclosure provides a charge control apparatus for charging an
electric storage, including: a star-connected first poly-phase winding; a star-connected
second poly-phase winding, a power input unit connected to a first neutral point of the
first poly-phase winding and a second neutral point of the second poly-phase winding,
and applying an AC power from an external power source to the first and second neutral
points; a power converting apparatus converting to a DC power, the AC power from the
external power source applied to the first and second neutral points and outputting the DC
power to a DC power line; a converter lowering a voltage from the DC power line to
charge the electric storage, while controlling the voltage of the DC power line to be not
lower than a voltage of the electric storage, in accordance with an applied command; and
a converter control unit setting a control target of the voltage of the DC power line based
on a voltage level of the external power source, and outputting the command for
controlling the voltage of the DC power line to the control target, to the converter.

In the charge control apparatus of the present invention, the AC power from

3183809-1
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the external power source applied to the first and second neutral points by the power

' input unit is converted to a DC power by the power converting apparatus, has its

voltage lowered by the converter, and is supplied to the electric storage. Here, the
electric storage is charged while the voltage of the DC power line is controlled based
on the voltage level of the external power source, by the converter and the converter
control unit. Therefore, even when the voltage crest value of the extefnal powér_
source exceeds the voltage of the electric storage, controlled charging with the power
factor of 1 can be realized by controlling the voltage of DC power line to an
appropriate level not lower than the cre§t value of the external power source.

Therefore, by the charge control apparatus of the present invention, the
external power source available for charging the electric storage is not limited, and
hence, efficient charging becomes possible in foreign countries wher'e commgrcial-
power sources are of different voltage levels. ‘ | /

Preferably, the converter control unit sets a predetermined set value in
accordance with the voltage level of the external power source, as the control target.

Therefore, in the charge control apparatus, the contrpi target of the voltage of '
DC power line can be set easily in accordance with the voltage level of the external

power source (for example, AC 100V, AC 200V or AC 240V corresponding to

-commercial power source of each country).

Preferably, the converter control unit sets a voltage approximately equalto a
crest value of the voltage of the external power source as the control target.

In the charge control apparatus, the control target of voltage of the DC power
line is set to the voltage crest value of the external power source, which is the lower
limit level allowing controlled charging with the power factor of 1. Therefore, by the
charge control apparatus, switching loss of the converter charging the electric storage
by lowering the voltage from DC power line can be minimized. ~ As a result, efficient
charging becomes possible.

Preferably, the converter includes a chopper circuit having two switching

-3-



10

15

20

25

WO 2007/037240

PCT/JP2006/319100

‘elements each with a flywheel diode, connected in series between the DC power line

and a ground line, and a reactor connected between the electric storage and a
connection point of the two switching elements.

Preferably, the power converting apparatus includes first and second inverters
connected to the first and second poly-phase windings, respectively, and an inverter
control unit for controlling the first and second inverters in a coordinated manner, O
that the AC power applied to the first and second neutral points is converted to the DC
power and output to the DC power line.

Preferably, the external power source is a commercial power source.

Therefore, by the charge control apparatus, the electric storage can be charged
using household commercial power source.

Further, the present invention provides an electric vehlcle 1ncludmg a first
poly-phase AC electric motor including a star-connected first poly-phase winding as a
stator winding; a second poly-phase AC electric motor including a star-connected
second poly-phase winding as a stator winding; a driving wheel mechanically coupled
to a rotation shaft of at least one of thé first and second poly-phase AC electric
motors, first and second inverters'respectively provided corresponding to the first and
second poly-phase AC electric motors; an electric storage; a converter provided
between the electric storage and a DC power line connected to each of the first and
second inverters, controlling a voltage of the DC power line to be not lower than a
voltage of the electric storage; a controller controlling the first and second inverters
and the converter; and a power input unit connected to a first neutral point of the first
poly-phase winding and a second neutral point of the second poly-phase winding, and
applying an AC power from an external power source to the first and second neutral
points. The controller includes an inverter control unit controlling, when the AC
power from the external power source is applied to the first and second neutral points,
the first and second inverters in a coordinated manner, so that the AC power is

converted to a DC power and output to the DC power line, and a converter control
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* unit setting, when the AC power from said external power source is applied to said

first and second neutral points, a control target of the voltage of the DC power line
based on a voltage level of the external power source, and for controlling the converter
such that the electric storage is charged while the voltage of the DC power source is
adjusted to the control target.

In the electrically powered vehicle in accordance w1th the present invention, the
AC power from the external power source used for charging the electric storage is
applied to the first and second neutral pomts by the power 1nput unit.  The AC power
applied to the first and second neutral points is converted to a DC power by the ﬁrst
and second inverters, voltage-lowered by the converter, and supplied to the electrlc
storage. Here, the electric storage is charged while the voltage of the DC power line
is controlled based on the voltage level of the external power source, by the converter
and the converter control unit. Therefore, even when the Voltage crest value of the
external power source exceeds the voltage of the electric storage controlled charging.
with the power factor of 1 can be realized by controlling the voltage of DC power line
to an appropriate level not lower than the crest value of the external power source.

Therefore, in the electrically powered vehicle of the present invention, the
external power source available for charging the electric storage is not limited, and
hence, efficient charging becomes possible in foreign countries where commercial
power sources are of different voltage levels. Further, it is unnecessary to separately
prov1de a dedicated converter for charging the electrtc storage from the external power
source, which leads to reduction in size, weight and cost of the vehicle.

As described above, in the present invention, the control target of voltage of
the DC power line is set based on the voltage level of the external power source, and
therefore, the external power source available for charging the electric storage is not
limited, and efficient charging is possible using external power sources of various
voltage levels. |

Further, by setting the control target of the voltage of DC power line toa
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voltage approximately the same as the crest value of the voltage of external power

" source, switching loss of the converter charging the electric storage by lowering the

voltage from DC power line can be minimized. As a result, efficient charging
becomes possible. }

Further, it is unnecessary to separately provide a dedicated converter for
charging the electric storage from a power source outside the vehicle, which leads to
reduction in size, weight and cost of the vehicle.

Brief Description of the Drawings

Fig. 1 is an overall block diagrarﬁ of a hybrid vehicle shown as an example of
the electrically powered vehicle in accordance with an embodiment of the present
invention. |

Fig. 2 shows a zero-phase equivalent circuit of inverters and-motor generators
shown in Fig. 1. ‘ | A

~ Fig.3 is a phasor diagram realizing an inpﬁt power factor of 1 in the zero-phase
equivalent circuit shown in Fig. 2.

Fig. 4 shows voltage waveforms when the inverter is éontrolled based on the

phasor relation shown in Fig. 3.

. Fig. 5 shows relations between voltages of the commercial power source,

poer line PL2 and the electric storage.

Fig. 6 is a functional block diagrém of the controller shown in Fig. 1.

Fig. 7 is a functional block diagram of the converter cont'rol unit shown in Fig.

Fig. 8 is a functional block diagram of the first and second inverter control
units shown in Fig. 6. '

Fig. 9 is a flowchart representing a control structure of a program related to a
determination as to whether charging is to be started or not by the controller shown in
Fig. 1. .

Best Modes for Carrying Out the Invention

-6-
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~ Inthe following, embodiments of the present invention will be described in
detail with reference to the figures. Throughout the figures, the same or
corresponding portions are denoted by the same reference characters and description
thereof will not be repeated.

Fig. 1 is an overall block diagram of a hybrid vehicle shown as an example of
the electrically powered vehicle in accordance with an embodiment of the presenf
invention. Referring to Fig. 1, a hybrid vehiclc; 100 includes an engine 4, motor
generators MG1 and MG2, a power split device 3 and wheels 2.  Further, hybrid:
vehicle 100 includes an electric storageﬁ a boost converter 10, inverters 20 and 30 a
controller 60, capacitors C1 and C2, power lines PL1 and PL2, a ground line SL, U-
phase lines UL1 and UL2, V- phase lines'VL1 and VL2, W-phase lmes WL1 and WL2,
voltage sensors 70 and 72, and current sensors 80 and 82. Hybrid vehicle 100 further
includes power input lines ACL1 and ACL2, a relay circuit 40, Ian input ‘terminal 50,
and a voltage sensor 74. .

Power split device 3 is linked to engine 4 and to motor generators MG1 and
MG?2, and splits power among these. * By way of example, a plaﬁetary gear having
three rotation shafts of a sun gear, a planetary carrier and a ring gear may be used as
the power split device 3.  These three shafts of rotation are respectively linked to

‘respective rotation shafts of engine 4 and motor generators MG1 and MG2. For
instance, it is possible to mechanically livnk engine 4 and motor geherators MGI and
MG2 to power split device 3 by making the rotor of motor generator MG1 hollow and
passmg a crank shaft of engine 4 through the center thereof.

Rotation shaft of motor generator MG2 is linked to wheel 2 by a reduction
gear or a running gear, not shown. Further, a reduction mechanism for the rotation
shaft of motor generator MG2 may further be incorporated inside the power split
device 3. ‘

Motor generator MG is incorporated in the hybrid vehicle 100, operating as 2

generator driven by the engine 4 and as a motor that can start the operation of engine 4
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" Motor generator MG2 is incorporated in the hybrid vehicle 100 as a motor driving

" wheel 2 as the driving wheel.

Electric storage B has its positive electrode connected to power line PL1 and
its negative electrode connected to ground line SL. Capacitor C1 is connected
between power line PL1 and ground line SL. |

Boost converter 10 includes a reactor L, npn transistors Q1 and Q2, and dlodes
D1 and D2. The npn transistors Q1 and Q2 are connected in series between power
line PL2 and ground line SL. Between the collector and emitter of npn transistors Qi
and Q2, diodes D1 and D2 are connected, respectively, to cause a current flow from
the emitter side to the collector side. Reactor L has one erid connected to 2 node
between npn transistors Q1 and Q2, and the other end connected to power line PL1.

As the above-described npn transistors and other npn transistors that will be
described later in the specification, an IGBT. (Insulated Gate BipolarrTransistor) may
beused. Further, in place of the npn transistor, a;1 power switching element such as a
power MOSFET (Metal Oxide Semiconductor Field-Effect Transistor) may be used.

Capacitor C2 is connected between power line PL2 and ground line SL.
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 line PL2 and ground line SL. U phase arm 22 consists of series-connected npn

transistors Q11 and Q12, V-phase arm 24 con31sts of senes-connected npn transistors
Q13 and Q14, and W-phase arm 26 consists of series- connected npn transistors Q15
and Q16. Between the collector and ermtter of npn trans1stors Q11 to Q16, diodes
D11 to D16 are connected, respectively, to cause current flow from the emitter side to
the collector side.

Motor generator MG1 includes a three-phase coil 12 as a stator coil. U-phase
coil U1, V-phase coil V1 and W-phase coil W1 forming the three-phase cpil have one
end connected together to form a neutral point N1, and have the other end connected

to nodes between npn transistors of U-phase arm 22, V-phase arm 24 and W-phase
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"arm 26 of inverter 20, respectively.

Inverter 30 includes a U-phase arm 32, a V-phase arm 34 and a W-phase arm
36. Motor generator MG2 includes a three-phase coil 14 as a stator coil. Inverter
30 and motor generator MG2 have the same structures as inverter 20 and motor
generator MG, respectively. ;

Relay circuit 40 includes relays RY1 and RY?2. Mechanical contact relays
may be used as relays RY1and RY2, or semiconductor relays may be used. One cnd
of power input line ACLI is connected to one end of relay RY1, and the other end of
power input line ACL1 is connected to the neutral point N1 of three-phase coil 12 of
motor generator MG1.  Further, one end of power input line ACL2 is connecfed to
one end of relay RY?2, and the 6ther end of power input line ACL2is connected to the
neutral point N2 of three-phase coil 14 of motor generator MG;. Relays RY1 and
RY2 have the other end connected to input terminal 50. '

~ Electric storage Bis a rechargeable DC pc;wer source, such as a nickel hydride
or lithium ion secondary battery. Electric storage B outputs a DC power to boost
converter 10. Further, electric storage B is charged by boost converter 10. Ttis |
noted that a large capacity capaciior or a fuel cell may be used as electric storage B.

- Voltage sensor 70 detects voltage VB of electric storage B, and outputs the
‘detected voltage VB to controller 60. Capacitor C1 smoothes voltage variation |
between power supply line PL1 and ground line SL.

~In accordance with a signal PWC from controller 60, boost converter 10 boosts
the DC voltage received from electric storage B using reactor L, and outputs the
boosted voltage to power line PL2. Specifically, in accordance with the signal PWC
from controller 60, boost converter 10 accumulates the current that flows in
accordance with the switching operation of npn transistor Q2 as magnetic field energy
in reactor L, thereby boosting the DC voltage from electric storage B.  Then, boost
converter 10 outputs the boosted voltage through diode D1 to power line PL2 in

synchronization with the off-timing of npn transistor Q2.

-9-



10

15

20

25

WO 2007/037240

PCT/JP2006/319100

Further, boost converter 10 lowers the DC voltage supplied from inverter 20

" and/or 30 through power line PL2 to the voltage level of electric storage B and

charges electric stofage B, in accordance with the signal PWC from controller 60.

Here, when the electric storage B is charged from commercial power source 55
connected to input terminal 50, boost converter 10 lowers the voltage from power line
PL2 to the voltage level of electric storage B to charge electric storage B while | :
controlling the voltage of power line PL2 at a level approximately the same as the crest
value of voltage of commercial power source 55, in accordance with the signal PWC |
from controller 60.

Capaéitor C2 smoothes voltage variation between power supply line PL2 and
ground line SL. Voltage sensbr 72 detects voltage across terminals of capacitor C2,
that is, voltage VH of power line PL2 with respect to ground line SL, and outputs the
detected voltage VH to controller 60. \ 7

In accordance with a signal PWMI1 from controller 60, inverter 20 converts the
DC voltage received from power line PL2 to a three-phase AC voltage, and outputs

the converted three-phase AC voltage to motor generator MG1. Consequently,

‘motor generator MG1 is driven to generate a designated torque. Further, inverter 20

converts to a DC voltage, three-phase AC voltage generated by motor generator MGI1

‘receiving power from engine 4 in accordance with the signal PWMI from controller 60,

and outputs the converted DC voltage to power line PL2.

| In accordance with a signal PWM2 from controller 60, inverter 30 converts the
DC voltage received from power line PL2 foa three-phase' AC voltage, and outputs
the converted three-phase AC voltage to motor generator MG2. Consequently,
motor generator MG2 is driven to generate a designated torque. Further, inverter 30
converts to DC voltage, three-phase AC voltage generated by motor generator MG2
receiving rotational force of wheel 2 at the time of regenerative braking of the vehicle
in accordance with the signal PWM2 from controller 60, and outputs the converted

DC voltage to power line PL2.
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The regenerative braking here refers to braking with regeneration through a

foot brake operation by a driver of the vehicle, or deceleration (or stopping

acceleration) of the vehicle while regenerating power, by releasing the accelerator
pedal during running, without operating the foot Brake.

Further, when electric storage B is charged from commercial power source 55
connected to input terminal 50, inverters 20 and 30 convert to a DC power, the AC
power supplied to the neutral points N1 and N2 of three-phase coils 12 and 14 through
power input lines ACL1 and ACL2 from commercial power source 55 and output the '
DC power to power line PL2. | _ F

Motor generators MG1 and MG2 are three-phase AC electric motors,

" implemented, for example, by three-phase AC synchronous motors. Motor generator

MG] generates a three-phase AC voltage using power of enginé 4, and outputs the
generated three-phase AC voltage to inverter 20.  Further, motor generator MG1
generates driving force by the three-phase AC Volté.ge received from inverter 20, and

starts engine 4. Motor generator MG2 generates a vehicle driving torque by the

~ three-phase AC voltage received from inverter 30.  Further, motor generator MG2

generates a three-phase AC voltage and outputs the voltage to inverter 30, at the time
of regenerative braking of the vehicle.
Receiving an input permission command EN from controller 60, relay circuit

40 electrically connects input termmal 50 to power input lines ACLl and ACL2.

_ Specifically, relay circuit 40 turns relays RYl and RY2 on when 1t receives the input

permlssmn command EN from controller 60, and turns relays RY1 and RY2 ‘off when
it does not receive the input permission command EN from controller 60.

Input terminal 50 is for connecting the commercial power source 55 outside the
vehicle to hybrid vehicle 100.  Specifically, hySrid vehicle 100 may have the electric
storage B charged from commercial power source 55 outside the vehicle, through
input terminal 50. | ' |

Current sensor 80 detects a motor current MCRT1 flowing through motor
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generator MG1, and outputs the detected motor current MCRT! to controller 60.
Current sensor 82 detects a motor current MCRT?2 flowing through motor generator
MG2, and outputs the detected motor current MCRT2 to controller 60. Voltage
sensor 74 detects a voltage Vac of commercial power source 55 connected to input
terminal 50, and outputs the detected voltage Vac to controller 60.

Based on torque control values TR1 and TR2 and motor rotation numbers
MRN]1 and MRN2 of motor generators MG1 and MG2 output from an ECU
(Electronic Control Unit), not shown, a yoltagé VB from voltage sensor 70 and a°
voltage VH from voltage sensor 72, controller 60 generétes the signal PWC for dﬁving
boost converter 10, and outpﬁts the generated signal PWC to boost coﬁvertér 10.

Further, based on the véltage VH, torque control value TR1 of motor
generator MG1 and motor current MCRT1 from current sensof 80, controller 60

generates a signal PWMI for driving motor generator MG], and outputs the generated

 signal PWML to inverter 20. Further, based on voltage VH, torque control value

TR2 of motor generator MG2 and motor current MCRT2 from current sensor 82,
controller 60 generates a signal PWM?2 for driving motor generator MG?2, and outputs
the generated signal PWM2 to inverter 30.

. Now, when a signal IG from an ignition key (or an ignition switch, same in the

-following), not shown, indicates an OFF position and an AC power 1s supplied from

commercial power source 55 to input terminal 50, controller 60 outputs the input
permlssxon command EN. Then, controller 60 generates signals PWMI and PWM2
for controlling inverters 20 and 30 such that the AC power from commercial power
source 55 applied through power input lines ACL1 and ACL2 to neutral points N1 and
N2 is converted to a DC power and output to power line PL2.

Further, while the electric storage B is being charged from commercial power
soufce 55, controller 60 generates a signal PWC for driving boost converter 10 based
on the Voltage Vac from voltage sensor 74 such that the voltage of power line PL2 is

controlled to the level approximately equal to the voltage crest value of commercial
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power source 55.

The voltage of power line PL2 is controlled to the level approximately equal to
the voltage crest value of commercial power source 55 while the electric storage B is
being charged from commercial power source 55, from the following reason. In
order to realize controlled charging with the power factor of 1 using the commercial
power source 55 electrically connected to neutral points N1 and N2, it is necessary to
maintain the voltage of power line PL2 at the crest value of commercial power source
55 or higher. Though the voltage of power line PL2 can be controlled to an arbitrary
level not lower than the voltage of electﬁc storage B by boost converter 10, it is
desirable that the voltage level of power line PL2 to be lower, considerihg switching
loss of boost converter 10. Tﬁerefore, the voltage of power line PL2 should
preferably be as low as possible but not lower than the crest value of the voltage of
commercial power source 55, from the viewpoint of efficiency. | Therefore, in the
present embodiment, the voltage of power line PL? is controlled to the level
approximately equal to the crest value of the voltage of commercial power source 55.

When the crest value of the voltagé of commercial pOWeT Source 535 is lower
than the voltage of electric storage B, the voltage of power line PL2 is adjusted to the
voltage level of electric storage B.

. Fig. 2showsa zero-phase equivalent circuit of inverters 20 and 30 and motor
generators MG1 and MG2 shown in Fig. 1. In each of i inverters 20 and 30 as three-
phase inverters, there are eight different combination patterns of on/oﬁ‘ of six npn
transistors. In two of the eight switching patterns, mterphase voltages attain to zero,
and such voltage state is referred to as "zero-voltage vector." For the zero-voltage
vector, three transistors corresponding to the upper arm can be regarded as in the same
switching state (all on, or all off), and three transistors corresponding to the lower arm
can also be regarded as in the same switching state. Therefore, in Fig. 2, npn
transistors Q11, Q13 and Q15 of inverter 20 are‘generally represented as upper arm

20A, and npn transistors Q12, Q14 and Q16 of inverter 20 are generally represented as
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lower arm 20B.  Similarly, npn transistors Q21, Q23 and Q25 ‘of inverter 30 are

" generally represented as upper arm 30A, and npn transistors Q22, Q24 and Q26 of

inverter 30 are generally represented as lower arm 30B.

As shown in Fig. 2, the zéro-phase equivalent circuit can be regarded as a
single-phase PWM converter having commercial power source 55 electrically
connected to neutral points N1 and N2 through relay circuit 40 and inpﬁt terminal 50,
not shown, as a single-phase power source. Therefore, when the electric storage B is
charged from commercial power source 55, by switching control of inverters 20 and |
30 such that the inverters 20 and 30 operate as two arms of the single-phase PWM
converter by éhanging the zero-voltage vector in each of inverters 20 and 30, it
becomes possible to convert the single phase AC power from commercial power
source S5to a DC power and to supply the power to power lme PL2.

Here, sthchmg control of inverters 20 and 30 such that the inverters 20 and 30
operate as two arms of the single-phase PWM converter corresponds to "inverter
control means controlling the first and second inverters in a cpordinated manner" in the
present invention. |

Fig. 3 is a phasor diagram realizing an input power factor of 1 in the zero-phase
equiiralent circuit shown in Fig. 2. Referring to Fig. 3, vector Vac represents a
voltage phasor of éommeféial power source 55. Vector Iac represents an input

current phasor of inverters 20 and 30, and is in-phase with the voltage phasor of

. commerc1a1 power source 55 to realize the power factor of 1.  Further, vector Rlac

represents a voltage phasor derived from a resistance component of three-phase coils
12 and 14, and vector joLIac represents a voltage phasor derived from an inductance
component of three-phase coils 12 and 14. Further, vector Vinv represents an input
voltage phasor of the converter formed by inverters 20 and 30.

~ Based on the phasor relation shown in Fig. 3, the input voltage (Vinv of Fig. 2)
of converter formed by inverters 20 and 30 is controlled with its phase delayed by 6

from the voltage Vac of commercial power source 55, whereby charge with power
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factor of 1 is realized.

Fig. 4 shows voltage waveforms when inverters 20 and 30 are controlled ‘based> _
on the phasor relation shown in Fig. 3. Referring to Fig. 4, curve k1 represents the
waveform of voltage Vac of commercial power source 55.  Curves k2 to k4 represent
waveforms of voltage Vul of U-phase line UL1, voltage Vv1 of V-phase line VL1 and
voltage Vw1 of W-phase line WL1, respectively, and curves k5 to k7 represent .
waveforms of voltage Vu2 of U-phase line UL2, voltage Vv2 of V-phase line VL2 and
voltage Vw2 of W-phase line WL2, respectively. , N

Voltages Vul, Vvl and Vw1 are controlled by inverter 20 to have the same
period T as voltage Vac and in the same phase with each other, and to be delayed by
phase 6 from the voltage Vac. . Voltages Vu2, Vv2 and Vw2 are controlled by
inverter 30 to have the same period T as voltage Vac and in the same phase with-each
other, and to have phases oppositevto (inverted from) those of voltages Vul, Vv1 and
Vwl. Further, voltage difference between voltéges Vul, Vvl and Vw1 and voltages
Vu2, Vv2 and Vw2 is set to voltage Vinv, based on the phasor relation shown in Fig. 3.

In this manner, by controlling the voltages of U, V and W phase lines using
inverters 20 and 30 based on the phasor relation shown in Fig. 3, the electric storage B
can be charged from commercial power source 55 with the power factorof 1.

,  Fig. 5 shows relations between voltages of the commercial power source 55,
power line PL2 and the electric storage 'B. Referring to Fig. 5, voltage Vac_m
represents the crest value of voltage of commercial power source 55.  As described
above, the voltage VH of power line PL2 rust be kept not lower than the crest value
of voltage of commercial power source 55. If the voltage VH is lower than the
voltage Vac_m, a current consté.ntly flows to the diodes of upper arms of inverters 20
and 30, and it becomes impossible to control the power factor and power flow from
commercial power source 55 to power line PL2.

The power supplied from inverters 20 and 30 to power line PL2 has its voltage

lowered from VH to VB by boost converter 10, and supplied to electric storage B.

-15 -



10

15

20

25

WO 2007/037240 PCT/JP2006/319100

' Here, the voltage VH of power line PL2 is controlled by boost converter 10.
Specifically, a current is supplied from inverters 20 and 30 to power line PL2, and
when the voltage VH of power line PL2 increases as a result, the current caused to
flow from power line PL2 to electric storage B is increased by boost converter 10, so
that increase of voltage VH of power line PL2 is suppressed. When the voltage VH
of power line PL2 decreases, the current caused to flow from power line PL2 t0
electric storage B is decredsed by boost converter 10, so that the voltage VH of power
line PL2 increases. | |

Considering the switching loss of boost-converter 10, the lower.voltagq VH of
power line PL2 is preferred.  The higher the voltage VH of power line PL2, the
higher the switching voltage of boost converter 10.  As a result, switching loss of
boost converter 10 increases relatively. - \

Therefore, in order to realize efficient charging, the volfage VH of power line
PL2 should preferably be as low as possible and not lower than the crest value (voltage
Vac_m) of commercial power source 55. In the present embodiment, boost
converter 10 controls the voltage VH of power line PL2 to a level approximately equal
to the voltage crest value of commercial power source 55, that is the lower limit value.

. Fig. 61sa block diagram of controller 60 shown in Fig. 1. Referring to Fig. 6,
- controller 60 includes a converter control unit 61, a first inverter control unit 62, a .
second inverter control unit 63, and an AC input control unit 64.

Converter control unit 61 generates, based on voltage VB from voltage sensor
76, voltage VH from voltage sensor 72, torque control values TR1 and TR2 and
motor rotation numbers MRN1 and MRNZ2, the signal PWC for turning on/off the npn
transistors Q1 and Q2 of boost converter 10, and outputs the generated signal PWC to
boost converter 10.

" Here, converter control unit 61 generates, when it receives a control signal
CTL at an H (logic high) level from AC input céntrol unit 64, the signal PWC based

on an inverter input command voltage VHR received from AC input control unit 64.
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~ The first inverter control unit 62 generates, based on torque control value TR1
and motor current MCRT1 of motor generator MG1 and on voltage VH, the signal |
PWML1 for turning on/off the npn transistors Q11 to Q16 of inverter 20, and outputs
the generated signal PWMI to inverter 20.

Here, the first inverter control unit 62 generates, when it receives a control,
signal CTL at an H level from AC input control unit 64, the signal PWMI based on
command voltage VNR1 for each phase received from AC input control unit 64.

The second inverter control unit 63 generates, based on torque control value
TR2 and motor current MCRT2 of motor generator MG2 and on voltage VH, the
signal PWM2 for turning on/off the npn transistors Q21 to Q26 of inverter 30, and
outputs the generated signal PWM?2 to inverter 30. ,

Here, the second inverter control unit 63 generates, whén it receives a control
signal CTL at an H level from AC input control unit 64, the sigﬁal PWM2 based on
command voltage VNR2 for each phése received from AC input control unit 64.

Based on the signal IG and signal SOC representing the state of charge (SOC)
of electric storage B from the ECU and on the voltage Vac from voltage sensor 74,
AC input control unit 64 determines whether the electric storage B should be charged
from commercial power source 55 connected to input terminal 50 or not. When
‘charging is to be done, AC input control unit 64 outputs the control signal CTL at'the
H level to converter control unit 61 and 'ﬁrst and second inverter control units 62 and
63. | | |

Further, when it is determined that the electric storage-B is to be charged from
commercial power source 55, AC input control unit 64 génerates command voltage
VNR1 for each phase of inverter 20 and command voltage VNR2 for each phase of
inverter 30 based on the voltage Vac from voltage sensor 74, and outputs the
genérated command voltages VNR1 and VNR2 to the first and second inverter control
units 62 and 63, respectively. Here, command voltages VNR1 and VNR2 are

inverter voltages calculated based on the phasor relation shown in Fig. 3.  Specifically,
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command voltage VNR1 for each phase represents a command voltage for generating .

the voltages Vul, Vv1 and Vw1 shown in Fig. 4, and command voltage VNR2 for

each phase represents a command voltage for generating the voltages Vu2, Vv2 and

Vw2 shown in Fig. 4. '

Further, when it is determined that the electric storage B is to be charged from
commercial power source 55, AC input control unit 64 generates inverter input |
command voltage VHR based on the voltage Vac from voltage sensor 74, and outputs
the generated inverter input command voltage VHR to converter control unit 61. - '
Here, inverter input command voltage VHR is.a control target of voltage VH of power
line PL2 controlled by boost converter 10, and it is set to a level approximately equal
to the crest value of voltage Vac based on the voltage Vac of commercial power
source 55 detected by voltage sensor 74. |

Further, when it is determined that the electric storage B is to be charged from

“ commercial power source 55, AC input control umt 64 outputs input permission

command EN to relay circuit'40.
Fig. 7 is a functional block diagram of the converter control unit 61 shown in
Fig. 6. Referring to Fig. 7, converter control unit 61 includes an inverter input

command voltage calculating unit 112, a feedback command voltage calculating unit

‘114, a duty ratio calculating unit 116, and a PWM signal converting unit 118.

When the control signal CTL from AC ihput control unit 64 is at the L (logic
low) level, inverter input command voltage calculating unit 112 calculates the optimal
value (target value) of inverter input voltage, that 1s, command voltage VH_com,
based on torque control values TR1, TR2 and motor rotation numbers MRN1 and
MRN?2, and outputs.the calculated command voltage VH_com to feedback command
voltage calculating unit 114.

On the other hand, when the control signal CTL from AC input control unit 64
is at the H level, inverter input command voltage calculating unit 112 outputs the

inverter input command voltage VHR received from AC input control unit 64 as the
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command voltage VH_com, to feedback command voltage calculating unit 114.

Feedback command voltage calculating unit 114 calculates, based on the
voltage VH from voltage sensor 72 and on the command voltage VH_com from
inverter input command voltage calculating unit 112, a feedback command voltage
VH_com_ fb for adjusting the voltage VH to the command voltage VH_com, and
outputs the calculated feedback command voltage VH_com_fb to duty’ratio |
calculating unit 116. ‘

Duty ratio calculating unit 116 cg.lculates, based on the voltage VB from
voltage sensor 70 and the feedback command voltage VH_com_fb from feedba,ck‘
command voltage calculating unit 114, a duty ratio for adjusting the voltage VH to the
command voltage VH_com, aﬁd outputs the calculated duty ratio to PWM signal
converting unit 118. - |

Based on the duty ratio received from duty ratio éalculz;ting unit 116, PWM
signal converting unit 118 generates a PWM (Pufse Width Modulation) signal for
turning on/off the npn transistors Q1 and Q2 of boost converter 10, and outputs the
generated PWM signal as the signal PWC to npn transistors Q1 and Q2 of boost
converter 10.

When the on-duty of npn transistor Q2 of the lower arm of boost converter 10

‘is enlarged, power accumulation at reactor L increases, and therefore, the voltage VH

can be increased.  On the other hand, when the on-duty of npn transistor Q1 of the
upper arm is enlarged, the voltage VH lowers. - Thereforé, by adjusting the duty ratio
of ‘npn transistors Q1 and Q2, it becomes poésible to set the voltage VH of power line
PL2 to an arbitrary voltage not lower than the voltage VB of electric storage B.

Fig. 8 is a functional block diagram of the first and second inverter control
units 62 and 63 shown in Fig. 6. Referring to Fig. 8, the first and second control
units 62 and 63 each include a phase voltage calculating unit 120 for motor control and
a PWM signal converting unit 122.

When the control signal CTL from AC input control unit 64 is at the L level,
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phase voltage calculating unit 120 for motor control calculates a command voltage to

be applied to the coil of each phase of motor generator MG1 (or MG2) based on the

torque control value TR1 (or TR2), motor current MCRT1 (or MCRT?2) and voltage

VH, and outputs the calculated command voltage for each phase to PWM signal
converting unit 122. ,

When the control signal CTL from AC input control unit 64 is at the H level,
phase voltage calculating unit 120 for motor control outputs the command voltage
VNRI1 (or VNR2) for each phase received from AC input control unit 64 to PWM
signal convérting unit 122. | )

PWM signal converting unit 122 generates the signal PWMI (or PWM2) for
actually turning on/off each of fhe npn transistors Q11 to Q16 (or Q21 to Q26) of
inverter 20 (or 30) based on the command voltage for each phase received from phase
voltage calculating unit 120 for motor control, and outpufs the éen,erated signal
PWM1 (or PWM2) to each of the npn transistors Q11 to Q16 (or Q21 to Q26) of
inverter. 20 (or 30). '

When a current is caused to flow to the coils of U, V and W phases based on

the command voltage VNR1 (or VNR2) for each phase received from AC input

control unit 64, the current of each phase has the same phase and, therefore, rotational

torque does not generate in motor generator MG1 (or MG2).

Fig. 9 is a flow chart representing a control structure of the program related to

. a determination as to whether charging is to be started or not by the controller 60

shown in Fig. 1. The process of the flowchart is called from the main routine and
executed at every prescribed time period or every time préscribed conditions are
satisfied.

Referring to Fig. 9, controller 60 determines, based on the signal IG from the
ignition key, whether the ignition key is turned to the OFF position or not (step S 10).
When controller 60 determines that the ignition key is not turned to the OFF position

(NO at step S10), it means that connecting the commercial power source 55 to input
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terminal 50 for charging electric storage B is inappropriate, and therefore, the process
proceeds to step S90 and the control is returned to the main routine.

When it is determined that the ignition key is turned to the OFF position (YES
at step S10), controller 60 receives the voltage Vac detected by voltage sensor 74,
from voltage sensor 74 (step S20). Then, based on thé voltage Vac from voltage
sensor 74, controller 60 determines whether ah AC power is input from commer;:ial
power source 55 or not (step S30). Whenlth'e voltage Vac is not observed, controller
60 determines that the AC power is not input from commercial power source 55 (NO
at step S30), and therefore, the process proceeds to step S90 and the control is,
returned to the main routine. | '

At step S30, when voltage Vac is observed and it is determined that the AC
power is input from commercial power source 55 (YES at step S30), controller 60
determines whether SOC of electric storage B is lower than a threshold value Sth(F) or -
not (step S40). Here, the threshold value Sth(F) is a value for determining whether
SOC of electric storage B is sufficient or not.

When it is determined that SOC of electric storage B is lower than the
threshold value Sth(F) (YES at step S40), controller 60 sets a control target of voltage
VH of power line PL2, based on the voltage Vac from voltage sensor 74 (step S50).

“Specifically, controller 60 sets the control target of voltage VH to a level
approximately equal to the crest value of voltage Vac.

- When the control target of voltage VH is set, controller 60 outputs the input
permission command EN to relay circuit 40 (step S60). _When the AC power from
commercial power source 55 is applied through relay circuit 40 to neutral points N1
and N2 of motor generators MG1 and MG2, controller 60 executes charging of
electric storage B by coordinated control of two inverters 20 and 30 (step S70).

Ifit is determined in step S40 that SOC of electric storége B is not lower than
the thréshold value Sth(F) (NO at step S40), controller 60 determines that charging of

electric storage B is unnecessary, and executes a charge stop process (step S80).
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Specifically, controller 60 stops inverters 20 and 30, and inactivates the input
permission command EN that has been input to relay circuit 40.

As described above, in the present embodiment, when the electric storage B is
charged from commercial power source 55, the voltage level of power line PL2 is set
based on the voltage Vac of commercial power source 55. Therefore, charging with
power factor of 1 becomes possible, without limiting the commercial power soufce 55
available for charging the electric storage B. |

As the control target of voltage VH is set to the crest value of voltage Vac as
the lower limit value allowing controlled charging with the power factor of I,
switching loss of boost converter 10 can be minimized. Asa result, more efficient
charging can be realized. ' 7 ,

Further, hybrid vehicle 100 allows charging of electric storage B from
commercial power source 55 without necessitating a sepzirately provided converter
dedicated for charging. Therefore, it is advantageous in reducing size, weight and
cost of the vehicle. . .

In the embodiment above, the control target of voltage VH of power line PL2
is set to the crest value of voltage Vac of the commercial power source 35. The
control target of voltage VH, however, is not limited to the crest value of voltage Vac.

“As described above, the control target of voltage VH should be as low as possible and
not lower than the crest value of voltage Vac, as the switching lqss of boost converter
10 can be reduced. ‘

The voltage level of commercial power source 55 is determined country by
country (for example, AV100V, AC200V, AC 240V), ana therefore, control targets of '
voltage VH corresponding to the voltage level of commercial power source 55 may be
stored as a table in advance, and in accordance with the voltage level of commercial
powér source 55 input to input terminal 50, the corresponding control target of
voltage VH may be read from the table and set.

In the embodiment above, a hybrid vehicle in which engine 4 and motor
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generator MG2 are used as power sources has been described as an example of the

| electrically-powered vehicle.. The present invention may be applicable also to a fuel-

cell vehicle or an electric vehicle mounting at least two motor generators Further,
the present invention is generally applicable to an electrically powered vehicle
mounting at least two motor generators. When the electrically powered vehicle of
the present invention-is implemented as an electric vehicle or a fuel-cell vehicle, motor
generators MG1 and MG2 are coupled to the driving wheel of the electric vehicle or
the fuel-cell vehicle. |

In the foregoing, three-phase coils 12 and 14 corresponds to "the first poly-
phase winding" and "the second poly-phase winding" of the present invention. Power
input lines ACL1 and ACL2, relay circuit 40 and input terminal 50 constitute "the
power input unit" of the present invention. ~ Further, inverters 20 and 30 constitute
"the power converting apparatus" of the present inventioh, andv power line PL2
corresponds to "the DC power line" of the preserrt invention. Further, boost
converter 10 corresponds to "the converter" of the present invention, and converter
control unit 61 and AC input control unit 64 constitute "the converter control unit" of
the present invention.

. Further, each of diodes D1 and D2 corresponds to "the flywheel diode" of the

“present invention, and nph transistors Q1 and Q2 and diodes D1 and D2 constitute

"the chopper circuit" of the present invention.  Further, inverters 20 and 30

correspond to "the first inverter" and "the second inverter," of the present invention,
and the first and second inverter control unit 62 and 63 and AC input control unit 64
constitute "the inverter control unit" of the present invention.

Further, motor generators MG1 and MG2 correspond to "the first poly-phase
AC electric motor" and "the second poly-phase AC electric motor," and wheel 2
corfesponds to "the driving wheel" of the present invention.

The embodiments as have been described here are mere examples and should

not be interpreted as restrictive. The scope of the present invention is determined by
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. each of the claims with appropriate consideration of the written description of the
~ embodiments and embraces modifications within the meaning of, and equivalent to, the.

languages in the claims.
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CLAIMS

1. A charge control apparatus for charging an electric storage, comprising:

a star-connected first poly-phase winding;

a star-connected second poly-phase vvinding;

a’power input unit connected to a first neutral p‘oint of said first poly-phase
winding and a second neutral point of said s_econdvpoly—phase winding, and applying an
AC power from an external power' source to said first and second neutral points;

a po'wer converting apparatus converting to a DC power, the AC power from
said external power source applied to said first and second neutral points and
outputting said DC power to a DC power line;

a converter lowering a voltage from said DC power line to charge said electric
storage, while controlling the voltage of said DC power lme to be not lower than a
voltage of said electric storage, in accordance with an apphed command and

converter control means for setting a control target of the voltage of said DC
power line based on a voltage level of said external power source, and outputting said
command for controlling the voltage of said DC power line.to said control tafget, to

said converter.

‘ 2. The charge control apparatus according to claim 1, wherein
said converter control means sets a predetermined set value in accordance with
the voltage level of said external power source, as said control target.
3. The charge control apparatus according to claim 1, wherein
said converter control means sets a voltage approximately equal to a crest

value of the voltage of said external power source as said control target.

4. The charge control apparatus according to claim 1, wherein
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said converter inclﬁdes ,

a chopper circuit having two switching elements each with a flywheel diode,
connected in series between said DC pdwer line and a ground line, and

a reactor connected between said electric storage and a connection point of

said two switching elements.

5. The charrge‘conltrol apparatus according to claim 1, wherein

said power converting apparatus includes '

ﬁrsvt' and second inverters connected to said first and second poly-phase
windings, respectively, and '

inverter control means for controlling said first and ;econd inverters in a
coordinated manner, so that the AC power applied to said first and second neutral

points is converted to the DC power and output to said DC power line.

6. The charge control apparatus according to claim 1, wherein .

said external power source is a commercial power source.

7. An electric vehicle, comprising:
 afirst poly-phase AC electric motor including a star-connected first poly-phase

wmdmg as a stator winding;

a second poly-phase AC electric motor including a star-connected second poly-
phase winding as a stator winding; ‘

a driving wheel mechanically linked to a rotation shaft of at least one of said
first and second poly-phase AC electric motors; ‘

first and second inverters respectively provided corresponding to said first and
second poly-phase AC electric motors;

| an electric storage;

a converter provided between said electric storage and a DC power line
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'

. connected to each of said first and second inverters, controlling a voltage of said DC

~ power line to be not lower than a vbltage of said electric storage;

a controller controlling said first and second inverters and said converter; and

a power input unit connected to a first neutral point of said first poly-phase
winding and a second neutral point of said second poly-phase winding, and applying an
AC power from an external power source to said first énd second neutral points,
wherein ' ‘

said controller includes

inverter control means for controlling, when the AC power from said external
power source is applied to said first and second neutral points, said first and second
invertefs in a coordinated manner, so that the AC power is c;onverted to a DC power
and output to said DC power line, and |

converter control means for setting, when the AC power from said external
power source is applied to said first and second neutral points, a control target of the
voltage of said DC power ling based on a voltage level of said external power source,
and for controlling said converter such that said electric storage is charged while the

voltage of sdid DC power source is adjusted to said control target.

" 8. A method of charge control for charging an electric storage by a charger,
‘whierein

said charger includes .

a star-connecteq first poly-phase winding,

a star-connected second poly-phase- winding,

a power input unit connected to a first neutral point of said first poly-phase
winding and a second neutral point of said second poly-phase winding, and applying an
AC power from an external power source to said first and second neutral points,

| a power converting apparatus converting to a DC power, the AC power from

said external power source applied to said first and second neutral points and -

-27 -



10

15

20

25

WO 2007/037240 PCT/JP2006/319100

. 6utputting said DC power to a DC power line, and
a converter lowering a voltage from said DC power line to charge said electric .
storage, while controlling the voltage of said DC power line to be not lower than a
voltage of said electric storage, in accordance with a set control target;
said method comprising:
a first step of detecting a voltage level of said external power source; and

‘a second step of sefting said control target based on the detected voltage level.

9. The method of charge control according to claim 8, wherein
in said second step, a sét value predetérmined in accordance with the voltage

level of said external power source is set as said control target.

10. The method of charge control according to claim 8, wherein
in said second step, a voltage approximately equal to a crest value of the

voltage of said external power source is set as said control target. *

11. * A charge control apparatus for charging an electric storage, comprising:
a star-connected first poly-phase winding;
' a star-connected second poly-phase winding;
T a bower input unit connected to a first neutral point of said first poly-phase
winding and a second neutral point of said second poly-phase winding, and applying an
AC power from an extgrnal power source to said first and second neutral pqints;

a power coqverting apparatus convérting to a DC power, the AC power from
said external power source applied to said first and second neutral pbints and
outputting said DC power to a DC power line;

a converter lowering a voltage from said DC power line to charge said electric

sforage, while controlling the voltage of said DC power line to be not lower than a

voltage of said electric storage, in accordance with an applied command; and -
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a controller executing a series of operations; wherein ‘
said controller sets a control target of the voltage of said DC power line based
on a voltage level of said external power source; and outputs said command for

controlling the voltage of said DC power line to said control target, to said converter.

12. The charge control apparatus according to claim 11, wherein
,said controller sets a set value predetermined in accordance with the voltage

level of said external power source, as said control target.

10 , 13. The charge control apparatus according to claim 11, wherein
said controller sets a voltage approximately equal to a crest value of the

voltage of said external power source as said control target.

14. The charge control apparatus according to claim 11, wherein
15 said power converting apparatus includes first and second inverters connected
to said first and second poly-phase wihdings, respectively; and
said controller controls said first and second inverters in a coordinated manner,
so that the AC power applied to said first and second neutral points is converted to the

‘DC power and output to said DC power line.
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