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FIG.5
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EXTERNAL POWER SUPPLY SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to an external power supply
system and, more particularly, to an external power supply
system configured to output electric power of an electrical
storage device to an external device via an inverter.

[0003] 2. Description of Related Art

[0004] Japanese Patent Application Publication No. 2010-
098851 (JP 2010-098851 A) describes a hybrid vehicle con-
figured to charge a battery with the use of an external power
supply connected to neutral points of motor generators.
[0005] It is conceivable to supply electric power from the
battery to a device outside the vehicle by utilizing the neutral
points of the motor generators of the hybrid vehicle including
the configuration as described in JP 2010-098851 A.

[0006] However, because there occurs an error in dead time
period that is a period during which an off-state driving signal
is supplied to both upper-arm and lower-arm switching ele-
ments of an inverter (hereinafter, such an error is termed dead
time error), there also occurs an error in output of electric
power from the neutral points. Particularly, there is a differ-
ence in dead time error between when an engine is driven and
when the engine is not driven, so it is required to appropriately
compensate for an inverter command value in dead time
period when the engine is driven.

SUMMARY OF THE INVENTION

[0007] The invention provides an external power supply
system in which an output error in dead time period is
reduced.

[0008] An aspect of the invention provides an external
power supply system. The external power supply system
includes: an electrical storage device; a motor; an inverter
configured to drive the motor by using electric power of the
electrical storage device; and a control unit configured to
control the inverter. The motor includes stator coils connected
to a neutral point. The neutral point is an output node from
which electric power from the electrical storage device is
supplied to an external device. The inverter includes a first
switching element and a second switching element connected
in series with each other between a positive electrode power
supply line and a negative electrode power supply line. A
connection node of the first switching element and the second
switching element is connected to a corresponding one of the
stator coils. The control unit is configured to input the driving
signals to the inverter so as to drive the inverter such that a
voltage at the neutral point becomes a predetermined value.
The control unit is configured to compensate for the driving
signals in a dead time period, which is a period in which
off-state driving signals are supplied to the first switching
element and the second switching element, on the basis of a
current that is input from the connection node to the corre-
sponding one of the stator coils or output from the corre-
sponding one of the stator coils to the connection node while
an engine is driven.

[0009] The stator coils may include a U-phase coil, a
V-phase coil and a W-phase coil of which one ends are con-
nected to the neutral point. The connection node of the first
switching element and the second switching element may be
connected to the other end of the U-phase coil. The inverter
may further include a third switching element, a fourth
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switching element, a fifth switching element and a sixth
switching element, the third switching element and the fourth
switching element being connected in series with each other
between the positive electrode power supply line and the
negative electrode power supply line, a connection node of
the third switching element and the fourth switching element
being connected to the other end of the V-phase coil, the fifth
switching element and the sixth switching element being
connected in series with each other between the positive
electrode power supply line and the negative electrode power
supply line, a connection node of the fifth switching element
and the sixth switching element being connected to the other
end of the W-phase coil. The current that is input from the
connection node to the corresponding one of the stator coils or
output from the corresponding one of the stator toils to the
connection node may include a current flowing through the
U-phase coil, a current flowing through the V-phase coil and
a current flowing through the W-phase coil.

[0010] Another aspect of the invention provides an external
power supply system. The external power supply system
includes: an electrical storage device; a motor; an inverter
configured to drive the motor by using electric power of the
electrical storage device; and a control unit configured to
control the inverter. The motor includes stator coils connected
to a neutral point. The inverter includes a first switching
element and a second switching element connected in series
with each other between a positive electrode power supply
line and a negative electrode power supply line. A connection
node of the first switching element and the second switching
element is connected to a corresponding one of the stator
coils. The control unit is configured to input the driving sig-
nals to the inverter so as to drive the inverter such that a
voltage at the neutral point becomes a predetermined value.
The control unit is configured to compensate for the driving
signals in a dead time period, which is a period in which
off-state driving signals are supplied to the first switching
element and the second switching element, on the basis of a
rotation angle of the motor while an engine is driven.

[0011] In any one of the above-described external power
supply systems, the control unit may be configured to repeat-
edly compensate for the driving signals on the basis of an
error one period before in an output voltage at the neutral
point while the engine is not driven.

[0012] In any one of the above-described external power
supply systems, the control unit may be configured to com-
pensate for the driving signals in the dead time period when
one of an output voltage of the inverter and a carrier frequency
of the inverter is changed while the engine is not driven.
[0013] Any one ofthe above-described external power sup-
ply systems may further include a second motor and a second
inverter. An external load may be connected between the
neutral point and the second neutral point. The second neutral
point may be a neutral point of stator coils of the second
motor. The control unit may be configured to compensate for
the driving signals in the dead time period when a voltage
share between the inverter and the second inverter is changed
while the engine is not driven.

[0014] The external power supply system may further
include an engine. The motor may be configured to be able to
generate electric power upon reception of mechanical power
from the engine.

[0015] According to the aspects of the invention, an output
error in a dead time period is reduced, so the quality of feeding
electric power improves.



US 2016/0068066 Al

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features, advantages, and technical and industrial
significance of exemplary embodiments of the invention will
be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:

[0017] FIG. 1 is a block diagram that shows the overall
configuration of a vehicle to which an external power supply
system according to a first embodiment is applied;

[0018] FIG. 2 is a view for illustrating the circuit configu-
ration of a converter and an inverter and currents that flow at
the time when electric power is supplied from a neutral point;

[0019] FIG. 3 is a view that schematically shows one-phase
inverter circuit;
[0020] FIG. 4 is a waveform chart for illustrating the prin-

ciple of occurrence of an error in a dead time period of the
inverter;

[0021] FIG.5isa view for illustrating a voltage drop due to
an error that occurs in a dead time period;

[0022] FIG. 6is ablock diagram that shows a configuration
associated with compensation control over a dead time
period, which is executed by a control device shown in FIG.
1
[0023] FIG. 7 is a table for illustrating how the mode of
compensation for a dead time period is used;

[0024] FIG. 8 is a flowchart for illustrating control for
switching the mode of compensation for a dead time period;
[0025] FIG. 9 is a waveform chart for illustrating a distor-
tion of a power supply waveform due to an error that occurs in
a dead time period during engine stop;

[0026] FIG. 10 is a block diagram that shows the configu-
ration of a dead time compensation control unit when repeti-
tion control is executed;

[0027] FIG. 11 is a view for illustrating a difference in
waveform between before and after repetition control is
executed;

[0028] FIG. 12 is a block diagram for illustrating the con-
figuration of a repetition control unit shown in FIG. 10;
[0029] FIG. 13 is a block diagram for illustrating a value L.
in FIG. 12;

[0030] FIG.14is a waveform chart for illustrating the value
L in FIG. 12;

[0031] FIG. 15 is a waveform chart that shows an output
voltage and inverter currents during engine operation;
[0032] FIG.16is an enlarged waveform chart between time
tl and time t2 in FIG. 15;

[0033] FIG.17isablockdiagram forillustrating an inverter
output error during engine operation;

[0034] FIG. 18 shows waveform charts for illustrating an
inverter output error during engine operation;

[0035] FIG. 19 is a block diagram that shows the configu-
ration of a dead time compensation control unit when com-
pensation control based on current polarity is executed;
[0036] FIG. 20 is a block diagram that shows the configu-
ration of a dead time compensation unit shown in FIG. 19;
[0037] FIG. 21 is a waveform chart that shows an example
in which current ripple is strong and a current polarity fluc-
tuates at a high rate;

[0038] FIG. 22 is a block diagram of a dead time compen-
sation control unit that executes compensation control based
on current polarity determination that utilizes a rotation angle
of an MG1,
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[0039] FIG. 23 is a waveform chart for illustrating calcula-
tion of an inverter error voltage, which utilizes the rotation
angle of the MG1;

[0040] FIG. 24 is a flowchart for illustrating the process of
calculating a compensation value, which is executed by a
dead time compensation unit in FIG. 22;

[0041] FIG. 25 is a flowchart for illustrating calculation of
a peak value of a harmonic that occurs in a neutral point
output voltage;

[0042] FIG. 26 is a flowchart for illustrating calculation of
a peak value of a current of the motor generator MG1;
[0043] FIG. 27 is a flowchart for illustrating determination
of'a phase difference between the peak value of the harmonic
and the peak value of the current;

[0044] FIG. 28 is a waveform chart for illustrating the pro-
cess of detecting a phase difference between the peak value of
the harmonic and the peak value of the current;

[0045] FIG. 29 is a block diagram that shows the configu-
ration of a dead time compensation control unit that is used in
a first alternative embodiment;

[0046] FIG. 30 is a block diagram that shows the configu-
ration of a dead time compensation unit in FIG. 29;

[0047] FIG. 31 is a waveform chart of output voltage and
output current before measures according to the first alterna-
tive embodiment are taken;

[0048] FIG. 32 is a waveform chart of output voltage and
output current after the measures according to the first alter-
native embodiment are taken; and

[0049] FIG. 33 is a block diagram that shows the configu-
ration of a dead time compensation control unit that is used in
a second alternative embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0050] Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying draw-
ings. Like reference numerals denote the same or correspond-
ing components in the drawings, and the description will not
be repeated.

First Embodiment

[0051] FIG. 1 is a block diagram that shows the overall
configuration of a vehicle to which an external power supply
system according to a first embodiment is applied. In the
following embodiments, the vehicle is a hybrid vehicle. How-
ever, the vehicle according to the invention is not limited to a
hybrid vehicle. As shown in FIG. 1, the vehicle 100 includes
an engine 2, motor generators MG1, MG2, a power split
mechanism 4 and a drive wheel 6. The vehicle 100 further
includes an electrical storage device B, a system main relay
SMR, a converter 10, inverters 21, 22 and a control device 50.
[0052] The vehicle 100 is a hybrid vehicle that travels with
the use of'the engine 2 and the motor generator MG2 as power
sources. Driving force generated by the engine 2 and the
motor generator MG?2 is transmitted to the drive wheel 6.
[0053] The engine 2 is an internal combustion engine, such
as a gasoline engine and a diesel engine, that outputs power by
burning fuel. The engine 2 is configured to be electrically
controllable in an operating state, such as a throttle opening
degree (intake air amount), a fuel supply amount and ignition
timing, by a signal from the control device 50.

[0054] The motor generators MG1, MG2 are alternating-
current rotary electric machines, and are, for example, three-
phase alternating-current synchronous motors. The motor



US 2016/0068066 Al

generator MG1 is used as a generator that is driven by the
engine 2, and is also used as a rotary electric machine that is
able to start the engine 2. Electric power that is obtained
through power generation of the motor generator MG1 is
allowed to be used to drive the motor generator MG2. Electric
power that is obtained through power generation of the motor
generator MGG1 is allowed to be supplied to an external device
that is connected to the vehicle 100. The motor generator
MG?2 is mainly used as a rotary electric machine that drives
the drive wheel 6 of the vehicle 100.

[0055] The power split mechanism 4, for example, includes
aplanetary gear mechanism having three rotary shafts, that s,
asun gear, a carrier and a ring gear. The sun gear is coupled to
a rotary shaft of the motor generator MG1. The carrier is
coupled to a crankshaft of the engine 2. The ring gear is
coupled to a drive shaft. The power split mechanism 4 splits
the driving force of the engine 2 into power that is transmitted
to the rotary shaft of the motor generator MG1 and power that
is transmitted to the drive shaft. The drive shaft is coupled to
the drive wheel 6. The drive shaft is also coupled to a rotary
shaft of the motor generator MG2.

[0056] The electrical storage device B is a chargeable and
dischargeable direct-current power supply, and is, for
example, formed of a secondary battery such as a nickel metal
hydride battery and a lithium ion battery, a capacitor, or the
like. The electrical storage device B supplies electric powerto
the converter 10, and is charged with electric power from the
converter 10 during regeneration of electric power.

[0057] The system main relay SMR is provided in a posi-
tive electrode power supply line P11 and a negative electrode
power supply line NL that connect the electrical storage
device B to the converter 10. The system main relay SMR is
a relay for electrically connecting or interrupting the electri-
cal storage device B to or from an electrical system. The
on/off state of the system main relay SMR is controlled by the
control device 50.

[0058] The converter 10 receives electric power from the
electrical storage device via the positive electrode power sup-
ply line PL1 and the negative electrode power supply line NL.
The converter 10 steps up voltage from the electrical storage
device B, and supplies the stepped-up voltage to the inverters
21, 22 via a positive electrode power supply line PL.2 and the
negative electrode power supply line NL. The negative elec-
trode power supply line NL is a power supply line common to
the input side and output side of the converter 10. A smooth-
ing capacitor C1 is connected between the positive electrode
power supply line PL.2 and the negative electrode power
supply line NL.

[0059] The converter 10 charges the electrical storage
device B while stepping down voltage generated by the motor
generator MGG1 or the motor generator MG2 and rectified by
a corresponding one of the inverters 21, 22.

[0060] The inverters 21, 22 are connected to the converter
10 in parallel with each other. The inverters 21, 22 are con-
trolled by signals from the control device 50. The inverter 21
drives the motor generator MG1 by converting direct-current
power, supplied from the converter 10, to alternating-current
power. The inverter 22 drives the motor generator MG2 by
converting direct-current power, supplied from the converter
10, to alternating-current power.

[0061] Each of the inverters 21, 22 is configured to be able
to supply voltage VO to an external device (not shown) via a
neutral point of stator coils of a corresponding one of the
motor generators MG1, MG2.
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[0062] The control device 50 determines a target driving
force, which is transmitted to the drive wheel 6, on the basis
of an accelerator operation amount, a brake depression
amount, a vehicle speed, and the like. The control device 50
controls the engine 2 and the motor generators MG1, MG2 so
as to achieve an operating state such that the target driving
force is efficiently output.

[0063] In the above-described configuration, the control
device 50 is required to control the inverters 21, 22 in
response to an external device that is connected to the vehicle
100, at the time when external discharging is carried out.
Specifically, a required voltage of an external device and the
maximum value of current acceptable by a load device (here-
inafter, referred to as maximum current value) depend on
each external device. Therefore, the control device 50 outputs
voltage according to the required, voltage of the external
device that is connected to the vehicle 100 or limits output
current such that the output current does not exceed the maxi-
mum current value.

[0064] FIG. 2 is a view for illustrating the circuit configu-
ration of the converter and inverters and currents that flow at
the time when electric power is supplied from the neutral
points. As shown in FIG. 2, the converter 10 includes a reactor
L 1 and switching elements Q5, Q6. A diode is connected in
antiparallel with each of the switching elements Q5, Q6.

[0065] The inverter 22 includes upper arm switching ele-
ments Q1 and lower arm switching elements Q2. The switch-
ing elements Q1 include three switching elements corre-
sponding to U-phase, V-phase and W-phase stator coils. The
switching elements Q2 include three switching elements cor-
responding to the U-phase, V-phase and W-phase stator coils.

[0066] The inverter 21 includes upper arm switching ele-
ments Q3 and lower arm switching elements Q4. The switch-
ing elements Q3 include three switching elements corre-
sponding to U-phase, V-phase and W-phase stator coils. The
switching elements Q4 include three switching elements cor-
responding to the U-phase, V-phase and W-phase stator coils.

[0067] Each of the above-described switching elements Q1
to Q6 may be, for example, an IGBT element. Another ele-
ment (MOS), or the like, may also be used instead.

[0068] In neutral point power generation, the U-phase,
V-phase and W-phase switching elements carry out switching
together. Therefore, as far as the engine is stopped, inverter
currents are equal among the phases. That is, as indicated by
the arrows in FIG. 2, currents having the same phase and the
same amplitude flow through the U phase, the V phase and the
W phase.

[0069] FIG. 3 is a view that schematically shows one-phase
inverter circuit. FIG. 4 is a waveform chart for illustrating the
principle of occurrence of an error in a dead time period of the
inverter.

[0070] The mechanism of occurrence of a dead time error
in the inverter will be described with reference to FIG. 3 and
FIG. 4. Time t1 and time t3 at which a voltage command Vn
crosses a carrier signal Ve are ideal on/off switching points of
each of the switching elements Q1, Q4.

[0071] However, if the upper arm and lower arm of the
inverter turn on at the satte time, a short-circuit state occurs.
Therefore, actually, the gate of the switching element Q1 is
turned off at time t1, and the gate of the switching element Q4
is turned on at time t2. A time between the time t1 and the time
12 is a dead time.
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[0072] Similarly, the gate of the switching element Q4 is
turned off at time t3, and the gate of the switching element Q1
is turned on at time t4. A time between the time t3 and the time
t4 is a dead time.

[0073] Here, when the direction of current is —Ia as shown
in FIG. 3, an inverter output voltage Vao changes from
+0.5Vd to -0.5Vd at time t1, and the inverter output voltage
Vao changes from —0.5Vd to +0.5Vd at time t3. In this case,
as indicated by the oblique lines, the waveform varies earlier
than ideal timing t4 when the voltage Vao rises, and an output
error voltage due to the dead time occurs. A zero potential of
the voltage Vao is set at the intermediate potential of a voltage
VH. A connection node of two capacitors imaginarily indi-
cated by the dashed line in FIG. 3 corresponds to the zero
potential of the voltage Vao.

[0074] On the other hand, when the direction of current is
+la as shown in FIG. 3, the inverter output voltage Vao
changes from +0.5Vd to -0. Vd at time t2, and the inverter
output voltage Vao changes from —0.5Vd to +0.5Vd at time t4.
In this case, as indicated by the oblique lines, the waveform
varies later than ideal timing t1 when the voltage Vao falls,
and an output error voltage due to the dead time occurs.

[0075] FIG.5isa view for illustrating a voltage drop due to
an error that occurs in a dead time period. As shown in FIG. 5,
a voltage corresponding to a neutral point output voltage
command value is indicated by the dashed line Vn, and an
actual neutral point output voltage is indicated by the con-
tinuous line Vm. In a period TA in which the current polarity
is +Ia, the continuous line Vm is higher than the dashed line
Vn. In a period TB in which the current polarity is -Ia, the
continuous line Vm is lower than the dashed line Vn. In any
case, the continuous line Vm that is an actual voltage is lower
in absolute value than the dashed line Vn that is a command
value. At a portion at which Vm is close to zero, the polarity
of current and the polarity of output error frequently repeat
inversion, so there occurs a portion in a predetermined period
in which Vm is fixed to 0.

[0076] For example, when the command value Vn is AC
200V (283 V peak), the actual neutral point output voltage
Vm drops to AC 172 V (243 V peak). In this case, a drop
amount Vtd at the peak value is 40 V. The Vtd is an output
error voltage of the inverter.

[0077] The output error voltage Vtd of the inverter is
allowed to be calculated by the following mathematical
expression (1).

Vid(V)y=VH(V)xtd(sec)xfc(Hz) (€8]

Here, Vtd denotes the output error voltage, VH denotes the
inverter power supply voltage VH shown in FIG. 3, td denotes
a temporal difference (td1 or td2) with respect to the ideal
timing shown in FIG. 4, and fc denotes a carrier frequency.
[0078] When VH=500 V, td=8 ps and fc=10 kHz, Vtd is
calculated as 40 V from the mathematical expression (1).
[0079] FIG. 6is a block diagram that shows a configuration
associated with compensation control over a dead time
period, which is executed by the control device 50 shown in
FIG. 1. As shown in FIG. 6, the control device 50 includes a
generator control command output unit 51, a motor control
command output unit 52, dead time compensation control
units 53, 54, a dead time control switching unit 55 and PWM
control units 56, 57.

[0080] The PWM control unit 56 outputs a PWM signal to
the inverter 21 that drives the motor generator MG1. The
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PWM control unit 57 outputs a PWM signal to the inverter 22
that drives the motor generator MG2.

[0081] The dead time control switching unit 55 selectively
activates one of the dead time compensation control unit 53
for executing repetition control and the dead time compensa-
tion control unit 54 for executing current polarity control on
the basis of the state of the engine and the state of the power
supply system.

[0082] FIG. 7 is a table for illustrating how the mode of
compensation for a dead time period is used. The dead time
control switching unit 55 shown in FIG. 6 determines whether
the dead time compensation control unit 53 based on repeti-
tion control or the dead time compensation control unit 54
based on inverter output current polarity is used on the basis
of the cases shown in FIG. 7.

[0083] During engine operation, when the engine rotation
speed is fixed and the electrical storage device B is maximally
charged through engine power generation, the dead time
compensation control unit 53 based on repetition control is
used.

[0084] During engine operation, when the engine rotation
speed is fluctuating or when there occurs a predetermined
condition even when the engine rotation speed is fixed, the
dead time compensation control unit 54 based on inverter
output current polarity is used. The predetermined condition
here is a condition that any one of the voltage VH, the carrier
frequency fc and a neutral point voltage share k is changed.

[0085] On the other hand, while the engine is stopped, the
dead time compensation control unit 53 based on repetition
control is constantly used. During engine stop, the dead time
compensation control unit 54 based on inverter output current
polarity is not used.

[0086] FIG. 8 is a flowchart for illustrating control for
switching the mode of compensation for a dead time period.
The process of the flowchart is called from a main routine and
executed at constant time intervals or each time the predeter-
mined condition is satisfied. The process of the flowchart
corresponds particularly to the process that is executed by the
dead time control switching unit 55 shown in FIG. 6 within
the control device 50 shown in FIG. 1.

[0087] As shown in FIG. 1 and FIG. 8, initially, when the
process is started, it is determined in step S1 whether the
engine is operating. When it is determined in step S1 that the
engine is not operating (is stopped), the process proceeds to
step S9, and dead time compensation based on repetition
controlis employed. On the other hand, when it is determined
in step S1 that the engine is operating, the process proceeds to
step S2.

[0088] In step S2, it is determined whether a battery level
(also referred to as state of charge (SOC)) of the electrical
storage device B is lower than a predetermined percentage
(for example, 74%).

[0089] When the SOC is not lower than 74% in step S2, the
process proceeds to step S10, and dead time compensation
based on inverter output current polarity is employed. On the
other hand, when the SOC is lower than 74% in step S2, the
process proceeds to step S3. The predetermined percentage is
not limited to, 74%, and may be changed to an appropriate
value.

[0090] In step S3, it is determined whether a charging
power Pchg is 5.5 kW (a predetermined value at which charg-
ing is carried out when the SOC is low). When Pchg is not 5.5
kW in step S3, the process proceeds to step S4. When Pchg is
5.5 kW in step S3, the process proceeds to step S5.
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[0091] In step S4, it is determined whether there is a fluc-
tuation in the engine rotation speed. When there is a fluctua-
tion in the engine rotation speed in step S4, the process
proceeds to step S10, and dead time compensation based on
inverter output current polarity is employed. On the other
hand, when there is no fluctuation in the engine rotation speed
in step S4, the process proceeds to step S9, and dead time
compensation based on repetition control is employed.
[0092] Instep S5, itis determined whether there is a change
in the carrier frequency of the inverter. When it is determined
in step S5 that there is a change in the carrier frequency, the
process proceeds to step S10, and dead time compensation
based on inverter output current polarity is employed. On the
other hand, when there is no change in the carrier frequency in
step S5, the process proceeds to step S6.

[0093] Instep S6, it is determined whether there is a change
in the voltage VH that is controlled by the converter 10. When
it is determined in step S6 that there is a change in the voltage
VH, the process proceeds to step S10, and dead time com-
pensation based on inverter output current polarity is
employed. On the other hand, when it is determined in step S6
that there is no change in the voltage VH, the process proceeds
to step S7.

[0094] Instep S7,itis determined whether there is a change
in the voltage share k that will be described later with refer-
enceto a block diagram. When it is determined in step S7 that
there is a change in the voltage share k, the process proceeds
to step S10, and dead time compensation based on inverter
output current polarity is employed. On the other hand, when
it is determined in step S7 that there is no change in the
voltage share k, the process proceeds to step S8.

[0095] In step S8, it is determined whether there is a fluc-
tuation in the engine rotation speed. When there is a fluctua-
tion in the engine rotation speed in step S8, the process
proceeds to step S10, and dead time compensation based on
inverter output current polarity is employed. On the other
hand, when there is no fluctuation in the engine rotation speed
in step S8, the process proceeds to step S9, and dead time
compensation based on repetition control is employed.
[0096] When it is determined in step S9 or step. S10 that
dead time compensation of any one of the modes is executed,
the process proceeds to step S11, and control is shifted to the
main routine.

[0097] In the above-described process, whether there is a
fluctuation in the engine rotation speed, whether there is a
change in the carrier frequency, whether there is a change in
the voltage VH and whether there is a change in the voltage
share k each may be determined that there is no fluctuation or
no change when a fluctuation amount or change amount is
smaller than a predetermined threshold.

Dead Time Error Compensation During Engine Stop

[0098] FIG. 9 is a waveform chart for illustrating a distor-
tion of a power supply waveform due to an error that occurs in
a dead time period during engine stop. As shown in FIG. 9, a
neutral point output voltage VO and a neutral point output
current JO are shown. During engine stop, a dead time error is
the same in each period, so there is the same distortion at
dashed-line portions Al, A2 of the neutral point output volt-
age VO.

[0099] FIG. 10 is a block diagram that shows the configu-
ration of the dead time compensation control unit 53 when
repetition control is executed. As shown in FIG. 10, the dead
time compensation control unit 53 includes a subtracter 62, a
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repetition control unit 64 and a share determination unit 66.
The subtracter 62 computes a difference between an output
voltage command value Vsr and an output voltage monitored
value Vs. The repetition control unit 64 receives an output of
the subtracter 62. The share determination unit 66 generates
an output corresponding to the voltage share between the
inverter 21 and the inverter 22 on the basis ofthe voltage share
k upon reception of an output of the repetition control unit 64.
[0100] The dead time compensation control unit 53 further
includes an adder 67 and an adder 68. The adder 67 adds the
output (k) of the share determination unit 66 and the output of
the generator control command output unit 51 and then out-
puts the added result to the PWM control unit 56. The adder
68 adds the output (1-k) of the share determination unit 66
and the output of the motor control command output unit 52,
and then outputs the added result to the PWM control unit 56.
[0101] FIG. 11 is a view for illustrating a difference in
waveform between before and after repetition control is
executed. As shown in FIG. 11, a waveform with no repetition
control is shown in a period T1, and a waveform with repeti-
tion control is shown in a period T2. In the period T1, there is
a deviation AV1 in an output value W5 with respect to a
command value W4.

[0102] In contrast, in the period T2, an output as indicated
by the dashed line W6 should be output without repetition
control; however, owing to application of repetition control,
the stored deviation AV1 one period before is corrected, and
the neutral point output voltage W5 coincides with the com-
mand value W4.

[0103] The principle of repetition control is to store an
output deviation one period before for an output error that
occurs in each period and then to compensate for the com-
mand value. Hereinafter, repetition control will be more spe-
cifically described.

[0104] FIG. 12 is a block diagram for illustrating the con-
figuration of the repetition control unit 64 shown in FIG. 10.
As shown in FIG. 12, the repetition control unit 64 includes an
adder 71 and blocks 72 to 75.

[0105] The adder 71 adds the differential value between the
neutral point voltage command value Vsr and the output
voltage monitored value Vs, to an output of the block 74. The
block 72 stores a voltage deviation V1 of the neutral point
voltage output one period before. That is, the block 72
samples and stores M neutral point output commands, and
extracts the samples with a delay in phase by the sampling
number L corresponding to a delay from an inverter output to
a neutral point load voltage.

[0106] FIG. 13 is a block diagram for illustrating a value L
in FIG. 12. FIG. 14 is a waveform chart for illustrating the
value L in FIG. 12. As shown in FIG. 13 and FIG. 14, the
output voltage phase of the neutral point output voltage VO is
delayed by an L.C filter by a delay Td with respect to a voltage
VINV just output from the inverter 21. The delay Td corre-
sponds to the sampling number L.

[0107] Referring back to FIG. 12, the block 73 removes
noise from an output ev of the block 72 through moving
average. In the case of n-point sampling, where stored output
values ev are ev1 to evn, a moving average value is expressed
by (evl+ev2+ ... +evn)/n.

[0108] The block 74 executes the process of converting an
output of the block 73 to an inverter output voltage. Specifi-
cally, a sample ev that is earlier in phase by the sampling
number [, corresponding to a delay in neutral point load
voltage from inverter output is extracted.
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[0109] The block 75 multiplies the output ev by a gain Kr,
and then outputs the obtained result as a compensated voltage
command value evo.

[0110] In the block diagram, F(z) indicates a moving aver-
age filter, Z~* indicates a neutral point output (inverter output
voltage), and Z*** indicates a neutral point output (neutral
point load voltage) one period before.

Dead Time Error Compensation During Engine Operation

[0111] FIG. 15 is a waveform chart that shows an output
voltage and inverter currents during engine operation. FIG.
15 shows the neutral point output voltage VO and current
values 1U, IV, IW of U-phase, V-phase, W-phase inverter
currents. The inverter current values are directly proportional
to the engine rotation speed, and fluctuate in frequency.
[0112] FIG.161is an enlarged waveform chart between time
t1 and time 12 in FIG. 15. A pulsation is occurring in the
neutral point output voltage VO at a frequency three times as
large as that of each inverter current. The voltage at the neutral
point fluctuates depending on the polarities of the phase cur-
rents. The reason why the fluctuation occurs will be more
specifically described.

[0113] As shown in FIG. 15 and FIG. 16, a pulsation is
occurring in inverter currents. Therefore, each inverter cur-
rent waveform is not completely symmetric vertically with
respect to the line at which current is zero. A period TP1is a
period in which the current [U and the current IV are positive,
and the current IW is negative. In the period TP1, the inverter
output error voltage is +(Vtd/3). A period TP2 is a period in
which the current IV is positive and the current IU and the
current IW are negative. In the period TP2, the inverter output
error voltage is —(Vtd/3). These inverter output error voltages
will be further described.

[0114] FIG.17isablockdiagram forillustrating an inverter
output error during engine operation. FIG. 18 shows wave-
form charts for illustrating an inverter output error during
engine operation.

[0115] As shown in FIG. 17, for the sake of convenience,
the output of the inverter 22 at the motor generator MG2 side
is constantly fixed to a potential N.

[0116] In the condition i) of FIG. 18, it is assumed that the
U-phase output voltage VU, V-phase output voltage VV and
W-phase output voltage VW of the inverter 21 all are the
voltage VH. The total sum of one third of each of the three-
phase outputs is the neutral point output, so the neutral point
output is the voltage VH in the condition 1).

[0117] Inthe condition ii) of FIG. 18, it is assumed that the
U-phase output voltage VU and V-phase output voltage VV of
the inverter 21 all are the voltage VH and the W-phase output
voltage VW is the potential N. The total sum of one third of
each of the three-phase outputs is the neutral point output, so
the neutral point output is a voltage 25VH in the condition ii).
[0118] It is understood that, in a dead time period, in the
circuit shown in FIG. 3, the diode D1 is in the forward direc-
tion when the direction of current is +la and Vao having a
value of VH is output; whereas the diode D4 is in the forward
direction when the direction of current is —la and Vao having
a value of N is output.

[0119] Referring back to FIG. 16, in the period TP1, the
two-phase current polarities are positive, and the remaining
one-phase current polarity is negative. An output error in the
case where the current polarity is positive is +Vtd, and an
output error in the case where the current polarity is negative
is =Vtd. As described with reference to FIG. 17 and FI1G. 18,

Mar. 10, 2016

the neutral point output is the total sum of one third of each of
the three-phase output voltages, so an error of the neutral
point output is also similarly calculated, and a neutral point
output error Ve(TP1) in the period TP1 is expressed by the
following mathematical expression (2).

Ve(TP1)=Ysx (+ Vid)+Yax (+ Vid)+Yix (= Vid)

Ve(TP1)=Yix(+Vtd) @)

In the period TP2, the two-phase current polarities are nega-
tive, and the remaining one-phase current polarity is positive.
When considered as in the case of the above, a neutral point
output error Ve(TP2) in the period TP2 is expressed by the
following mathematical expression (3).

Ve(TP2)=Ysx (= Vid)+Yax (- Vid)+Yix (+ Vid)

Ve(TP2)=Ysx(~Vtd) 3)

From the correlation between a current polarity and a dead
time error as described above, it is effective to execute com-
pensation control based on current polarity during engine
operation in which the repeating period is not stable.

[0120] FIG. 19 is a block diagram that shows the configu-
ration of the dead time compensation control unit 54 when
compensation control based on current polarity is executed.
[0121] As shown in FIG. 19, the dead time compensation
control unit 54 includes a subtracter 81, a voltage control unit
82, a dead time compensation unit 83, adders 84, 85, 87, 88
and a share determination unit 86. The subtracter 81 com-
putes a difference between the output voltage command value
Vsr and the output voltage monitored value Vs. The voltage
control unit 82 receives an output of the subtracter 81. The
dead time compensation unit 83 outputs a compensation
value on the basis of phase currents that are output from the
inverters 21, 22 to the motor generators.

[0122] The deadtime compensation unit 83 includes adead
time compensation unit 91 and a dead time compensation unit
92. The dead time compensation unit 91 outputs a compen-
sation value to the adder 85 in response to phase currents igu,
igv, igw that are output from the inverter 21 to the motor
generator MG1. The dead time compensation unit 92 outputs
a compensation value to the adder 84 in response to phase
currents imu, imv, imw that are output from the inverter 22 to
the motor generator MG2.

[0123] The adder 84 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 92, to the share determination
unit 86. The adder 85 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 91, to the share determination
unit 86.

[0124] The share determination unit 86 multiplies the out-
put of the adder 85 by the share k and then outputs the
obtained result to the adder 87. The adder 87 adds the value
that is provided from the share determination unit 86 to the
output of the generator control command output unit 51 and
then outputs the obtained result to the PWM control unit 56.
The share determination unit 86 multiplies the output of the
adder 84 by (1-k) and then outputs the obtained result to the
adder 88. The adder 88 adds the value that is provided from
the share determination unit 86 to the output of the motor
control command output unit 52 and then outputs the
obtained result to the PWM control unit 57.

[0125] FIG. 20 is a block diagram that shows the configu-
ration of the dead time compensation unit 83 shown in FIG.
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19. As shown in FIG. 20, the dead time compensation unit 83
includes the dead time compensation unit 91 and the dead
time compensation unit 92. The dead time compensation unit
91 carries out compensation associated with the motor gen-
erator MG1. The dead time compensation unit 92 carries out
compensation associated with the motor generator MG2.
[0126] The dead time compensation unit 91 includes com-
parators 101 to 103, multipliers 105 to 107, an adder 108 and
a coefficient multiplier 109. The comparators 101 to 103
respectively compare the phase currents igu, igv, igw with
zero. The multipliers 105 to 107 respectively multiply the
outputs of the comparators 101 to 103 by the dead time error
voltage Vtd (=VHxtdxfc). The adder 108 computes the total
sum of the outputs of the multipliers 105 to 107. The coeffi-
cient multiplier 109 multiplies the output of the adder 108 by
a coefficient that is %3. The output of the coefficient multiplier
109 is input to the adder 85 shown in FIG. 19 as a voltage
compensation value for the motor generator MG1.

[0127] The dead time compensation unit 92 includes com-
parators 111 to 113, multipliers 115 to 117, an adder 118 and
a coefficient multiplier 119. The comparators 111 to 113
respectively compare phase currents imu, imv, imw with zero.
The multipliers 115 to 117 respectively multiply the outputs
of the comparators 111 to 113 by the dead time error voltage
Vtd (=VHxtdxfc). The adder 118 computes the total sum of
the outputs of the multipliers 115 to 117. The coefficient
multiplier 119 multiplies the output of the adder 118 by a
coefficient that is Y4. The output of the coefficient multiplier
119 is input to the adder 84 shown in FIG. 19 as a voltage
compensation value for the motor generator MG2.

[0128] In the first embodiment, dead time compensation
control based on repetition control, which is particularly
effective to compensate for a stable and periodical error, and
control based on current polarity, which is effective to com-
pensate for an error of which the period fluctuates during
engine operation, are combined with each other. Thus, it is
possible to prevent occurrence of a significant error in voltage
that is output from the neutral points.

Second Embodiment

[0129] In the first embodiment, in order to compensate for
an error of output voltage during engine operation, or the like,
control that is executed on the basis of the polarities of
inverter currents is applied. However, when the current
polarities change at a high rate, a control delay influences on
compensation for voltage if control is executed after the cur-
rent polarities are determined each time.

[0130] FIG. 21 is a waveform chart that shows an example
in which current ripple is strong and the current polarity
fluctuates at a high rate. FIG. 21 shows a neutral point output
voltage VO and an inverter output current igv. In a portion
surrounded by the dashed line G, current varies while cross-
ing zero, and repeatedly inverts its polarity from positive to
negative or negative to positive at a high rate. In such a case,
it is difficult to execute feedback control over the current
polarity. In a second embodiment, instead of carrying out
current polarity determination on the basis of the output of the
current sensor, the current polarities are determined on the
basis of the rotation angle of the motor generator MG1.
[0131] FIG. 22 is a block diagram of a dead time compen-
sation control unit 54A that executes compensation control
based on current polarity determination that utilizes the rota-
tion angle of the MG1.
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[0132] As shown in FIG. 22, the dead time compensation
control unit 54 A includes the subtracter 81, the voltage con-
trol unit 82, a dead time compensation unit 83A, adders 84,
85, 87, 88 and a share determination unit 86. The subtracter 81
computes a difference between the output voltage command
value Vsr and the output voltage monitored value Vs. The
voltage control unit 82 receives an output of the subtracter 81.
The dead time compensation unit 83A outputs a compensa-
tion value on the basis of an output of a resolver 130 that
detects the rotation angle of the motor generator MG1 and
phase currents that are output from the inverter 22 to the
motor generator MG2.

[0133] The deadtime compensation unit 83 includes adead
time compensation unit 91A and the dead time compensation
unit 92. The dead time compensation unit 91A outputs a
compensation value to the adder 85 in response to the rotation
angle of the motor generator MG1, detected by the resolver
130. The dead time compensation unit 92 outputs a compen-
sation value to the adder 84 in response to the phase currents
imu, imv, imw that are output from the inverter 22 to the
motor generator MG2.

[0134] The adder 84 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 92, to the share determination
unit 86. The adder 85 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 91A, to the share determination
unit 86.

[0135] The share determination unit 86 multiplies the out-
put of the adder 85 by the share k and then outputs the
obtained result to the adder 87. The adder 87 adds the value
that is provided from the share determination unit 86 to the
output of the generator control command output unit 51 and
then outputs the obtained result to the PWM control unit 56.
The share determination unit 86 multiplies the output of the
adder 84 by (1-k) and then outputs the obtained result to the
adder 88. The adder 88 adds the value that is provided from
the share determination unit 86 to the output of the motor
control command output unit 52 and then outputs the
obtained result to the PWM control unit 57.

[0136] As shown in FIG. 22, it is possible to acquire the
rotation angle of the motor generator MG1 from the resolver
130 and then add correction values for correcting voltage
errors to the command values as in the case where the polari-
ties of inverter currents are determined. Because the vehicle is
stopped when the motor generator MG2 supplies electric
power, inverter currents are locked currents (DC currents) and
the current polarities are fixed, so it is possible to carry out
dead time compensation by monitoring the current polarities
with the use of the dead time compensation unit 92 as in the
case of the first embodiment.

[0137] FIG. 23 is a waveform chart for illustrating calcula-
tion of an inverter error voltage, which utilizes the rotation
angle of the MG1. As shown in FIG. 23, an interval (period)
Ta of the peak value of the harmonic of the neutral point
output voltage, a temporal difference Tc between the peak of
each inverter phase current and the peak of the harmonic of
the neutral point output voltage, and an effective value AVb of
a harmonic voltage are used for compensation.

[0138] When the current polarities of inverter outputs vary
at a high rate, the process of detecting a phase difference
between the harmonic of the neutral point output and the
V-phase current of the motor generator MG1, which is slower
in computation speed than the variation in current polarities,
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is executed. When the periods TP1, TP2 of FIG. 23 are
defined from the detected phase difference and then correc-
tion values +(Vtd/3), —(Vtd/3) are applied, it is possible to
execute a process substantially equivalent to compensation
for a dead time error voltage on the basis of the polarities of
inverter currents.

[0139] FIG. 24 is a flowchart for illustrating the process of
calculating a compensation value, which is executed by the
dead time compensation unit 91A shown in FIG. 22. As
shown in FIG. 24, initially, when the process is started, a
rotation angle is received from the resolver 130 installed in a
rotor receiving shaft of the motor generator MG1 in step S21.
Subsequently, in step S22, a rotation speed is calculated from
a rotation angle per unit time.

[0140] Instep S23, the period Ta of the neutral point output
voltage harmonic is calculated. The period Ta is calculated
through the process of FIG. 25 described later. An electric-
angle frequency of the motor generator MG1 is three times as
high as the harmonic frequency that occurs in neutral point
electric power. When the motor generator MGG1 is an 8-pole
PM motor, the electric-angle frequency of the motor genera-
tor MG1 is four times as high as the rotation speed of the
motor generator MG1.

[0141] Afterthat, in step S24, the voltage VH, the dead time
td and the carrier frequency fc, which are pieces of internal
information of an ECU for driving the motor generator MG1,
are acquired. In step S25, a voltage effective value of the
harmonic, which is superimposed on the neutral point output
voltage, is calculated from AVb shown in FIG. 23.

[0142] In step S26, a phase difference is calculated on the
basis of the temporal difference Tc shown in FIG. 23. Calcu-
lation of the temporal difference Tc will be described later
with reference to FIG. 27 and FIG. 28.

[0143] Afterrequired informationis calculated, a dead time
compensation value is calculated in step S27. The dead time
compensation value Vd is calculated from the following
mathematical expression (4).

Vd=V2-Va-sin(3x2mfi+§) 4

Here, Va denotes the amplitude of the harmonic of the neutral
point output voltage, f denotes the electric-angle frequency of
MG1 current, ¢ denotes a value obtained from a phase differ-
ence between the harmonic ofthe neutral point output voltage
and the MG1 current, and t denotes time.

[0144] Furthermore, in step S28, the dead time compensa-
tion value Vd calculated in step S27 is provided to the adder
85 shown in FIG. 22, and is added to the value from the
voltage control unit 82.

[0145] When the process of step S28 ends, the process
returns to the start again in step S29, and the process of the
flowchart shown in FIG. 24 is repeated.

[0146] FIG. 25 is a flowchart for illustrating calculation of
the peak value of the harmonic that occurs in the neutral point
output voltage. The result of the process is used in step S23 of
FIG. 24.

[0147] As shown in FIG. 25, initially, in step S41, the
process of capturing a neutral point voltage output V(0) (in-
stantaneous value) is executed. In step S42, the process of
calculating AV(0) that is a differential value between a last
value V(-1) and the current value V(0) is executed.

[0148] In step S43, it is determined whether the calculated
differential value AV(0) is larger than 0. When the relation-
ship AV(0)>0 is not satisfied in step S43, the process proceeds
to step S44, and the fact that the differential value AV(0) is
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zero or negative is stored in a memory. On the other hand,
when the relationship AV(0)>0 is satisfied in step S43, the
process proceeds to step S45, and the fact that the differential
value AV(0) is positive is stored in the memory. The storage
content may be, for example, configured such that a prede-
termined flag corresponds to 0 or 1.

[0149] Subsequent to the process of step S44 or S45, in step
S46, the process of capturing a neutral point voltage output
V(n) (instantaneous value) is executed. Here, the initial value
of'nis set to 1. In step S47, the process of calculating AV(n)
that is a differential value between a last value V(n-1) and the
current value V(n) is executed.

[0150] Instep S48, it is determined whether the calculated
differential value AV(n) is larger than 0. When the relation-
ship AV(n)>0 is not satisfied in step S48, the process proceeds
to step S49, and the fact that the differential value AV(n) is
zero or negative is stored in the memory. On the other hand,
when the relationship AV(n)>0 is satisfied in step S48, the
process proceeds to step S50, and the fact that the differential
value AV(n) is positive is stored in the memory. The storage
content may be, for example, configured such that a prede-
termined flag corresponds to 0 or 1.

[0151] When the process of step S49 is executed, it is sub-
sequently determined in step S51 whether the last differential
value AV(n-1) is positive. When the differential value AV(n-
1) is positive, the process proceeds to step S53. When the
differential value AV(n-1) is zero or negative, the process
proceeds to step S57.

[0152] It is determined in step S53 that the output value
V(n) at that timing is the peak value (negative side) of the
harmonic voltage of the neutral point output, a pulse output A
is output in step S54, and then the process proceeds to step
S57.

[0153] On the other hand, when the process of step S50 is
executed, it is subsequently determined in step S52 whether
the last differential value AV(n-1) is positive. When the dif-
ferential value AV(n-1) is positive, the process proceeds to
step S57. When the differential value AV(n-1) is zero or
negative, the process proceeds to step S55.

[0154] It is determined in step S55 that the output value
V(n) at that timing is the peak value (positive side) of the
harmonic voltage of the neutral point output, a pulse output B
is output in step S56, and then the process proceeds to step
S57.

[0155] In step S57, the variable n is added with 1, and then
the process of step S46 is executed again.

[0156] Inthis way, variations in neutral point electric power
output value are repeatedly observed, and a pulse output is
output each time a peak is detected.

[0157] Subsequently, the process of calculating the current
peak value of the motor generator MG1 will be described.
This process is also basically the process of detecting a peak
by observing variations in current as in the case of the process
shown in FIG. 25.

[0158] FIG. 26 is a flowchart for illustrating calculation of
the current peak value of the motor generator MG1. As shown
in FIG. 26, initially, in step S81, the process of capturing a
V-phase current value I(0) (instantaneous value) of the motor
generator MG1 is executed. In step S82, the process of cal-
culating AI(0) that is a differential value between the last
value I(~1) and the current value 1(0) is executed.

[0159] In step S83, it is determined whether the calculated
differential value AI(0) is, smaller than 0. When the relation-
ship AI(0)>0 is not satisfied in step S83. the process proceeds
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to step S84, and the fact that the differential value AI(0) is zero
or negative is stored in the memory. On the other hand, when
the relationship that AI(0)>0 is satisfied in step S83, the
process proceeds to step S85, and the fact that the differential
value AI(0) is positive is stored in the memory. The storage
content may be, for example, configured such that a prede-
termined flag corresponds to O or 1.

[0160] Subsequent to the process of step S84 or step S85, in
step S86, the process of capturing a V-phase current value I(n)
(instantaneous value) of the motor generator MG1 is
executed. Here, the initial value of nis setto 1. In step S87, the
process of calculating Al(n) that is a differential value
between the last value I(n-1) and the current value I(n) is
executed.

[0161] Instep S88, it is determined whether the calculated
differential value Al(n) is larger than 0. When the relationship
that Al(n)>0 is not satisfied in step S88, the process proceeds
to step S89, and the fact that the differential value Al(n) is zero
or negative is stored in the memory. On the other hand, when
the relationship that Al(n)>0 is satisfied in step S88, the
process proceeds to step S90, and the fact that the differential
value Al(n) is positive is stored in the memory. The storage
content may be, for example, configured such that a prede-
termined flag corresponds to O or 1.

[0162] When the process of step S89 is executed, it is sub-
sequently determined in step S91 whether the last differential
value Al(n-1) is positive. When the differential value Al(n-1)
is positive, the process proceeds to step S93. When the dif-
ferential value Al(n-1) is zero or negative, the process pro-
ceeds to step S97.

[0163] Itis determined in step S93 that the output value I(n)
at that timing is the peak value (negative side) of the V-phase
current value of the motor generator M(G1, a pulse output C is
output in step S94, and then the process proceeds to step S97.
[0164] On the other hand, when the process of step S90 is
executed, it is subsequently determined in step S92 whether
the last differential value Al(n-1) is positive. When the dif-
ferential value Al(n-1) is positive, the process proceeds to
step S97. When the differential value Al(n-1) is zero or nega-
tive, the process proceeds to step S95.

[0165] Itis determined in step S95 that the output value I(n)
at that timing is the peak value (positive side) of the V-phase
current value of the motor generator MG1, a pulse output D is
output in step S96, and then the process proceeds to step S97.
[0166] In step S97, the variable n is added with 1, and then
the process of step S86 is executed again.

[0167] In this way, variations in the V-phase current value
of the motor generator MG1 are repeatedly observed, and a
pulse output is output each time a peak is detected.

[0168] FIG.27 is a flowchart for illustrating determination
of a phase difference between a peak value of the harmonic
and the peak value of the current. The process of the flowchart
is executed in parallel with FIG. 25 (pulse A is output) and
FIG. 26 (pulse C is output).

[0169] AsshowninFIG. 27, initially, when the pulse output
A is received in step S110, a timer counter (not shown) in the
ECU isreset in step S111. Subsequently, counting of the timer
counter is started in step S112.

[0170] After that, when the pulse output C is received in
step S113, a counter value counted up until this timing is
captured in step S114, and atime Tc (FIG. 23) is calculated on
the basis of the captured counter value.

[0171] In step S115, the period (Ta in FIG. 23) of the
harmonic of the neutral point output voltage of which the
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effective value AVb is calculated is calculated. In addition, in
step S116, a phase difference ¢ is calculated from the follow-
ing mathematical expression (5) by using the counted time Tc
and the period Ta.

¢=Tcx2n/Ta (5)

When the phase difference ¢ is calculated in step S116, the
pulse output A is received in step S117 again, and counter
resetting and counting up from step S111 are repeated.
[0172] FIG. 28 is a waveform chart for illustrating the pro-
cess of detecting the phase difference between the peak value
of the harmonic and the peak value of the inverter current.
[0173] As shown in FIG. 28, when the pulse A is output at
the local minimum value of the neutral point output voltage,
the counter is reset to zero accordingly, and then counting up
is started. When the pulse C is output at the local minimum
value of the V-phase current of the motor generator MG1, the
time Tcis acquired accordingly. The above-described process
is executed in the flowchart of FIG. 27.

[0174] As described above, in the second embodiment,
when the current polarities of the inverter outputs vary at a
high rate, the process of detecting the phase difference
between the harmonic of the neutral point output and the
V-phase current of the motor generator MG1, which is slower
in computation speed than the variation in current polarities,
is executed. The periods TP1, TP2 in FIG. 23 are defined from
the detected phase difference, and substantially a process
equivalent to compensation for the dead time error voltage
from the polarities of the inverter currents is possible.

First Alternative Embodiment

[0175] FIG. 29 is a block diagram that shows the configu-
ration of a dead time compensation control unit 54B that is
used in a first alternative embodiment. The dead time com-
pensation control unit 54B differs from the dead time com-
pensation control unit 54 shown in FIG. 19 in that dead time
compensation based on the currents of the MG2 is omitted.
[0176] As shown in FIG. 29, the dead time compensation
control unit 54B includes the subtracter 81, the voltage con-
trol unit 82, a dead time compensation unit 83B, the adders
85, 87, 88 and the share determination unit 86. The subtracter
81 computes a difference between the output voltage com-
mand value Vsr and the output voltage monitored value Vs.
The voltage control unit 82 receives an output of the sub-
tracter 81. The dead time compensation unit 83B outputs a
compensation value on the basis of phase currents that are
output from the inverter 21 to the motor generator.

[0177] The dead time compensation unit 83B outputs a
compensation value to the adder 85 in response to the phase
currents igu, igv, igw that are output from the inverter 21 to
the motor generator MG1.

[0178] The adder 85 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 83B, to the share determination
unit 86.

[0179] The share determination unit 86 multiplies the out-
put of the adder 85 by the share k and then outputs the
obtained result to the adder 87. The adder 87 adds the value
that is provided from the share determination unit 86 to the
output of the generator control command output unit 51 and
then outputs the obtained result to the PWM control unit 56.
The share determination unit 86 multiplies the output of the
voltage control unit 82 by (1-k) and then outputs the obtained
result to the adder 88. The adder 88 adds the value that is
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provided from the share determination unit 86 to the output of
the motor control command output unit 52 and then outputs
the obtained result to the PWM control unit 57.

[0180] FIG. 30 is a block diagram that shows the configu-
ration of the dead time compensation unit 83B shown in FIG.
29. The dead time compensation unit 83B differs from the
dead time compensation unit 83 shown in FIG. 20 in that the
dead time compensation unit 92 of the MG2 is omitted.
[0181] The dead time compensation unit 83B includes the
comparators 101 to 103, the multipliers 105 to 107, the adder
108 and the coefficient multiplier 109. The comparators 101
to 103 respectively compare the phase currents igu, igv, igw
with zero. The multipliers 105 to 107 respectively multiply
the outputs of the comparators 101 to 103 by the dead time
error voltage Vtd (=VHxtdxfc). The adder 108 computes the
total sum of the outputs of the multipliers 105 to 107. The
coefficient multiplier 109 multiplies the output of the adder
108 by a coefficient that is /4. The output of the coefficient
multiplier 109 is input to the adder 85 shown in FIG. 29 as a
voltage compensation value for the motor generator MG1.
[0182] FIG. 31 is a waveform chart of output voltage and
output current before measures according to the first alterna-
tive embodiment are taken. FIG. 32 is a waveform chart of
output voltage and output current after the measures accord-
ing to the first alternative embodiment are taken.

[0183] Asshown in FIG. 31 and FIG. 32, the output voltage
is the effective value of the amplitude, that is, 186 V, and the
distortion factor is 5.3% before the measures are taken;
whereas the output voltage is the effective value of the ampli-
tude, that is, 200 V, and the distortion factor is improved to
1.3% after the measures are taken.

[0184] Inthis way, only by making a correction on the basis
of'the polarities of the inverter output currents for driving the
motor generator MG1, the quality of voltage that is supplied
from the neutral points is significantly improved.

Second Alternative Embodiment

[0185] FIG. 33 is a block diagram that shows the configu-
ration of a dead time compensation control unit 54C that is
used in a second alternative embodiment. The dead time
compensation control unit 54C differs from the dead time
compensation control unit 54 shown in FIG. 22 in that dead
time compensation based on the currents of the MG2 is omit-
ted.

[0186] As shown in FIG. 33, the dead time compensation
control unit 54C includes the subtracter 81, the voltage con-
trol unit 82, the dead time compensation unit 83 A, the adders
85, 87, 88 and the share determination unit 86. The subtracter
81 computes a difference between the output voltage com-
mand value Vsr and the output voltage monitored value Vs.
The voltage control unit 82 receives an output of the sub-
tracter 81. The dead time compensation unit 83A outputs a
compensation value on the basis of the output of the resolver
130 that detects the rotation angle of the motor generator
MGI1.

[0187] The dead time compensation unit 83C outputs a
compensation value to the adder 85 in response to the rotation
angle of the motor generator MG1, detected by the resolver
130.

[0188] The adder 85 outputs the result, obtained by adding
the output of the voltage control unit 82 to the output of the
dead time compensation unit 83C, to the share determination
unit 86.
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[0189] The share determination unit 86 multiplies the out-
put of the adder 85 by the share k and then outputs the
obtained result to the adder 87. The adder 87 adds the value
that is provided from the share determination unit 86 to the
output of the generator control command output unit 51 and
then outputs the obtained result to the PWM control unit 56.
The share determination unit 86 multiplies the output of the
voltage control unit 82 by (1-k) and then outputs the obtained
result to the adder 88. The adder 88 adds the value that is
provided from the share determination unit 86 to the output of
the motor control command output unit 52 and then outputs
the obtained result to the PWM control unit 57.

[0190] Calculation of a compensation value, which is car-
ried out in the dead time compensation unit 83C, is a similar
process to the process that is executed in the dead time com-
pensation unit 91A and described in the second embodiment
with reference to FIG. 23 to FIG. 28, so the description will
not be repeated.

[0191] Even with the configuration like the second alterna-
tive embodiment shown in FIG. 33 as well, it is possible to
supply electric power, in which a dead time error is improved,
from the neutral points.

[0192] Lastly, the embodiments of the specification will be
summarized with reference to the accompanying drawings
again. As shown in FIG. 1 and FIG. 2, the external power
supply system includes the electrical storage device B, the
motor (motor generator MG1), the inverter that drives the
motor MG1 by using the electric power of the electrical
storage device B, and the control device 50 that controls the
inverter. The motor. MG1 includes the stator coils connected
to the neutral point. The neutral point is an output node from
which electric power from the electrical storage device B is
supplied to an external device. The inverter 21 includes the
first switching element Q1 and the second switching element
Q2 connected in series with each other between the positive
electrode power supply line PL.2 and the negative electrode
power supply line NL. The connection node of the first
switching element Q1 and the second switching element Q2
is connected to a corresponding one of the stator coils. The
control device 50 inputs driving signals to the inverter 21 so as
to drive the inverter 21 such that the voltage at the neutral
point becomes the predetermined value. The control device
50 compensates for the driving signals in a dead time period,
which is a period in which off-state driving signals are sup-
plied to the first switching element Q1 and the second switch-
ing element Q2, on the basis of a current that is input from the
connection node to the corresponding one of the stator coils or
output from the corresponding one of the stator coils to the
connection node while the engine is driven.

[0193] The stator coils include the U-phase coil (U), the
V-phase coil (V) and the W-phase coil (W) of which one ends
are connected to the neutral point. The connection node ofthe
first switching element Q1 and the second switching element
Q2 is connected to the other end of the U-phase coil. As
shown in FIG. 2, the inverter 21 further includes third and
fourth switching elements (V-phase Q1, Q2) and fifth and
sixth switching elements (W-phase Q1, Q2). The third and
fourth switching elements are connected in series with each
other between the positive electrode power supply line and
the negative electrode power supply line, and the connection
node of the third and fourth switching elements is connected
to the other end of the V-phase coil. The fifth and sixth
switching elements (W-phase Q1, Q2) are connected in series
with each other between the positive electrode power supply
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line and the negative electrode power supply line, and the
connection node of the fifth and sixth switching elements is
connected to the other end of the W-phase coil. The current
that is input from the connection node to the corresponding
one of the stator coils or output from the corresponding one of
the stator coils to the connection node includes a current
flowing through the U-phase coil, a current flowing through
the V-phase coil and a current flowing through the W-phase
coil.

[0194] Another aspect of the external power supply system
shown in FIG. 22 or FIG. 33 includes the electrical storage
device B, the motor MG1, the inverter 21 and the control
device 50. The inverter 21 drives the motor MG1 by using the
electric power of the electrical storage device B. The control
device 50 controls the inverter 21. The motor MG1 includes
stator coils connected to the neutral point. The inverter 21
includes the first switching element Q1 and the second
switching element Q2 connected in series with each other
between the positive electrode power supply line and the
negative electrode power supply line. The connection node of
the first switching element Q1 and the second switching ele-
ment Q2 is connected to a corresponding one of the stator
coils. The control device 50 inputs driving signals to the
inverter so as to drive the inverter 21 such that the voltage at
the neutral point becomes the predetermined value. The con-
trol device 50 compensates for the driving signals in a dead
time period, which is a period in which off-state driving
signals are supplied to the first switching element Q1 and the
second switching element Q2, on the basis of the rotation
angle of the motor MG1 while the engine is driven.

[0195] In any one of the above-described external power
supply systems, the control device 50 may repeatedly com-
pensate for the driving signals on the basis of an error one
period before in the output voltage at the neutral point as
described with reference to FIG. 10 to FIG. 12 while the
engine is not driven.

[0196] In any one of the above-described external power
supply systems, the control device 50 may compensate for the
driving signals in the dead time period when one of the output
voltage of the inverter and the carrier frequency ofthe inverter
is changed while the engine is not driven as shown in FIG. 7
and FIG. 8.

[0197] Any one ofthe above-described external power sup-
ply systems further includes a second motor (motor generator
MG?2) and a second inverter. An external load is connected
between the neutral point and a second neutral point. The
second neutral point is a neutral point of the stator coils of the
second motor MG2. As shown in FIG. 7 and FIG. 8, the
control device 50 may compensate for the driving signals in
the dead time period when the voltage share between the
inverter and the second inverter is changed while the engine is
not driven.

[0198] As shown in FIG. 1, the external power supply sys-
tem further includes the engine 2. The motor MG1 may be
configured to generate electric power upon reception of
mechanical power from the engine 2.

[0199] The embodiments described above are illustrative
and not restrictive in all respects. The scope of the invention
is defined by the appended claims rather than the above
description. The scope of the invention is intended to encom-
pass all modifications within the scope of the appended
claims and equivalents thereof.
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1. An external power supply system comprising:

an electrical storage device;

a motor including stator coils connected to a neutral point,
the neutral point being an output node from which elec-
tric power from the electrical storage device is supplied
to an external device;

an inverter configured to drive the motor by using the
electric power of the electrical storage device, the
inverter including a first switching element and a second
switching element connected in series with each other
between a positive electrode power supply line and a
negative electrode power supply line, a connection node
of the first switching element and the second switching
element being connected to a corresponding one of the
stator coils; and

a control unit configured to control the inverter, the control
unit being configured to input driving signals to the
inverter so as to drive the inverter such that a voltage at
the neutral point becomes a predetermined value, the
control unit being configured to compensate for the driv-
ing signals in a dead time period, which is a period in
which off-state driving signals are supplied to the first
switching element and the second switching element, on
the basis of a current that is input from the connection
node to the corresponding one of the stator coils or
output from the corresponding one of the stator coils to
the connection node while an engine is driven.

2. The external power supply system according to claim 1,

wherein

the stator coils include a U-phase coil, a V-phase coil and a
W-phase coil of which one ends are connected to the
neutral point,

the connection node of the first switching element and the
second switching element is connected to the other end
of the U-phase coil,

the inverter further includes a third switching element, a
fourth switching element, a fifth switching element and
a sixth switching element, the third switching element
and the fourth switching element being connected in
series with each other between the positive electrode
power supply line and the negative electrode power sup-
ply line, a connection node of the third switching ele-
ment and the fourth switching element being connected
to the other end of the V-phase coil, the fifth switching
element and the sixth switching element being con-
nected in series with each other between the positive
electrode power supply line and the negative electrode
power supply line, a connection node of the fifth switch-
ing element and the sixth switching element being con-
nected to the other end of the W-phase coil, and

the current that is input from the connection node to the
corresponding one of the stator coils or output from the
corresponding one of the stator coils to the connection
node includes a current flowing through the U-phase
coil, a current flowing through the V-phase coil and a
current flowing through the W-phase coil.

3. An external power supply system comprising:
an electrical storage device;
a motor including stator coils connected to a neutral point;

an inverter configured to drive the motor by using the
electric power of the electrical storage device, the
inverter including a first switching element and a second
switching element connected in series with each other



US 2016/0068066 Al

between a positive electrode power supply line and a
negative electrode power supply line, a connection node
of the first switching element and the second switching
element being connected to a corresponding one of the
stator coils; and

a control unit configured to control the inverter, the control
unit being configured to input driving signals to the
inverter so as to drive the inverter such that a voltage at
the neutral point becomes a predetermined value, the
controlunit being configured to compensate for the driv-
ing signals in a dead time period, which is a period in
which off-state driving signals are supplied to the first
switching element and the second switching element, on
the basis of a period of the neutral point output voltage
harmonic which is calculated from a rotation angle of
the motor, while an engine is driven.

4. The external power supply system according to claim 1,

wherein

the control unit is configured to repeatedly compensate for
the driving signals on the basis of an error one period
before in an output voltage at the neutral point while the
engine is not driven.
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5. The external power supply system according to claim 1,
wherein

the control unit is configured to compensate for the driving

signals in the dead time period when one of an output
voltage of the inverter and a carrier frequency of the
inverter is changed while the engine is not driven.

6. The external power supply system according to claim 1,
further comprising:

a second motor and a second inverter, wherein

an external load is connected between the neutral point and

a second neutral point,

the second neutral point is a neutral point of stator coils of

the second motor, and

the control unit is configured to compensate for the driving

signals in the dead time period when a voltage share
between the inverter and the second inverter is changed
while the engine is not driven.

7. The external power supply system according to claim 1,
further comprising: an engine, wherein the motor is config-
ured to be able to generate electric power upon reception of
mechanical power from the engine.
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