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DESCRIPTION
TITLE
INVERTER CONTROL DEVICE AND DRIVE SYSTEM
FIELD

Embodiments described herein relate generally to an inverter control
device and a drive system.

BACKGROUND

In a control device of an inverter which drives a magnet-type
synchronous motor, to realize the downsizing, the reduction of weight, the
reduction of cost and the enhancement of reliability of the control device, there
has been proposed a rotary sensorless control method which does not use a
rotary sensor such as a resolver or an encoder. In the rotary sensorless control,
it is desirable that a rotary phase angle and a rotational speed can be estimated
within a wide speed range from stopping of the inverter to a maximum high
speed.

For example, in applying a rotary sensorless control to a synchronous
electric motor having a magnet in a rotor, positional information of a magnetic
pole (at least one of an N pole and an S pole) of the magnet is indispensable.
CITATION LIST '

PATENT LITERATURE 1: Japanese Patent No. 4241218
SUMMARY

However, in a method which uses a harmonic current, there has been a
case where it is difficult to detect the harmonic current during a high speed
rotation so that accuracy of determination of the position of a magnetic pole of
the magnet is lowered. Further, there has been a case where applying of a
harmonic voltage generates noise. '

Further, even with respect to an electric motor of a method which uses a
magnet induced voltage, in the case of an electric motor having a small magnet
magnetic flux, for example, an electric motor which positively makes use of a
reluctance torque, even when the electric motor is rotated at a high speed, a
non-load induced voltage is scarcely generated and hence, it is difficult to
determine a magnetic pole position of a magnet by making use of a voltage
signal.

Embodiments described herein have been made in view of the above-
mentioned circumstances, and it is an object of the present invention to provide
an inverter control device and a drive system capable of enhancing accuracy of
a rotary sensorless control of an electric motor.
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An inverter control device according to embodiments comprises a
current command generator that generates a current command value; a current
detector that detects a current value of an alternating current to be outputted
from an inverter circuit to an electric motor; a gate command generator that
generates a gate command to the inverter circuit such that the current
command value and the current value detected by the current detector match,
and obtains an output voltage target vector of the inverter circuit based on the
gate command; a rotary phase angle estimator that obtains a rotary phase
angle estimated value of the electric motor based on the current value detected
by the current detector and the output voltage target vector; and a polarity
determination part that, with supply of a current in synchronism with a rotor
frequency of the electric motor, performs determination of a magnet magnetic
pole of the electric motor using a generated magnetic flux or voltage in
synchronism with the generated rotor frequency or both of the magnetic flux and
the voltage, and outputs a correction value for the rotary phase angle estimated
value based on a result of the determination.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing a configuration example
of an inverter control device and a drive system of a first embodiment.

FIG. 2 is a view for explaining definitions of a d-axis, a g-axis, and an
estimated rotatory coordinate system according to the embodiment.

FIG. 3 is a view for describing a configuration example of a gate
command generator shown in FIG. 1.

FIG. 4 is a view for describing a configuration example of a part of an
electric motor shown in FIG. 1.

FIG. 5 is a block diagram schematically showing a configuration example
of a polarity determination part of the inverter control device of the first
embodiment.

FIG. 6 is a view showing an example of a d-axis current - d-axis basic
wave magnetic flux characteristic of a magnet-type synchronous motor.

FIG. 7 is a view for describing an example of a setting range of a d-axis
inductance set value in the inverter control device of the embodiment.

FIG. 8 is a view for describing an example of an operation of the inverter
control device of the embodiment.

FIG. 9 is a view showing an example of a simulation result with respect
to the inverter control device of the first embodiment.

FIG. 10 is a view showing an example of a simulation result with respect
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to the inverter control device of the first embodiment.

FIG. 11 is a block diagram schematically showing a configuration
example of a polarity determination part of an inverter control device of a
second embodiment.

FIG. 12 is a block diagram schematically showing a configuration
example of a polarity determination part of an inverter control device of a third
embodiment.

FIG. 13 is a view showing an example of a relationship between a
predetermined threshold value and an absolute value of a magnetic flux
difference A®Pd_NS.

FIG. 14 is a block diagram schematically showing a configuration
example of an inverter control device and a drive system of a fourth
embodiment.

FIG. 15 is a block diagram schematically showing another configuration
example of a polarity determination part of the inverter control device of the
fourth embodiment.

FIG. 16 is a view showing an example of a simulation result of a polarity
determination operation performed by the inverter control device of the
embodiment.

FIG. 17 is a view showing an example of a simulation result of a polarity
determination operation performed by the inverter control device of the
embodiment.

FIG. 18 is a block diagram schematically showing a configuration
example of an inverter control device and a drive system of a fifth embodiment.

FIG. 19 is a block diagram schematically showing another configuration
example of a polarity determination part of the inverter control device of the fifth
embodiment.

FIG. 20 is a view showing an example of a simulation result of a polarity
determination operation performed by the inverter control device of the
embodiment.

FIG. 21 is a view showing an example of a simulation result of a polarity
determination operation performed by the inverter control device of the
embodiment.

DETAILED DESCRIPTION

Hereinafter, inverter control devices and drive systems of embodiments
are described in detail with reference to drawings.

FIG. 1 is a block diagram schematically showing a configuration example
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of an inverter control device and a drive system of a first embodiment. The
inverter control device 1 of the embodiment is, for example, an inverter control
device capable of controlling an inverter circuit which drives a permanent
magnet synchronous motor having magnetic saliency. The inverter control
device is mounted on a drive system which drives a vehicle.

The drive system shown in FIG. 1 includes an electric motor M, an
inverter circuit INV, an inverter control device 1, and a host controller CTR. The
inverter control device 1 includes a current command generator 10, a dg/a
converter 20, an angle calculator 30, a gate command generator 40, a three-
phase/ap converter 50, a rotary phase angle estimator 60, a polarity
determination part 70, and a current sensor 80.

The current command generator 10 receives a current amplitude
command idq_ref, a current phase command B_ref, and a current conducting
flag lon from the host controller CTR. The current command generator 10
calculates a d-axis current command value id_ref and a g-axis current
command value iq_ref to be supplied to the electric motor M based on the
current amplitude command and the current phase command, and outputs the
values when a current conducting flag lon is ON (high level). The d-axis current
command value id_ref and the g-axis current command value iq_ref are
obtained by the following formulae.

id_ref = -idg_ref-sinp_ref

ig_ref = idq_ref-cosB_ref

FIG. 2 is a view for explaining definitions of a d-axis, a g-axis, and an
estimated rotatory coordinate system (a dc-axis, a qc-axis) according to the
embodiment.

The d-axis is a vector axis at which a static inductance becomes the
smallest in a rotor of the electric motor M, and the g-axis is a vector axis
orthogonal to the d-axis at an electric angle. On the other hand, the estimated
rotatory coordinate system corresponds to the d-axis and the g-axis at an
estimated position of the rotor. That is, the dc-axis is a vector axis rotated from
the d-axis by an estimated error A8, and the gc-axis is a vector axis rotated
from the g-axis by the estimated error A8. The d-axis current command value
id_ref obtained by the above formula is a vector value in a direction rotated 180
degrees from the dc-axis. The g-axis current command value iq_ref obtained by
the above formula is a vector value in the direction of the qc-axis.

To the dg/ap converter 20, the d-axis current command value id_ref, the
g-axis current command value ig_ref, and an estimated value Best of a rotary
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phase angle are inputted. The dg/af converter 20 is a vector converter which
converts the d-axis current command value id_ref and the g-axis current
command value iq_ref expressed by a coordinate system of the dg-axes into an
a-axis current command value ia_ref and a B-axis current command value
iB_ref expressed by a fixed coordinate system of a-axes. The a-axis indicates
a U-phase coil axis of the electric motor M, and the -axis is an axis orthogonal
to the a-axis. Values expressed by the fixed coordinate system of the af3-axes
can be calculated without using a rotor phase angle of the electric motor.

A subtractor of a current controller is arranged at a subsequent stage of
the dg/aB converter 20. The a-axis current command value ia_ref and the B-axis
current command value iB_ref outputted from the dg/af converter 20 are
inputted to the subtractor. Furthermore, current values of currents of at least two
phases outputted from an inverter circuit INV are detected by a current sensor
80, and current values ia_FBK, iB_FBK converted into the aB-axes fixed
coordinate system by the three-phase/ap converter 50 are inputted to the
subtractor. The subtractor outputs a current vector deviation Aia between the a-
axis current command value ia_ref and a current value ia_FBK outputted from
the inverter circuit INV, and a current vector deviation Ai3 between the B-axis
current command value iB_ref and the current value iB_FBK outputted from the
inverter circuit INV.

To the angle calculator 30, the current vector deviation Aia and the
current vector deviation Aif outputted from the subtractor are inputted. The
angle calculator 30 calculates an angle 8i of current vector deviation of the af3-
axis (fixed coordinate system) from the inputted current vector deviations Aia,
AiB. The angle 8i is obtained as arc tangents (tan-') of the current vector
deviations Aia, Aif.

FIG. 3 is a view for describing a configuration example of a gate
command generator 40 shown in FIG. 1.

The gate command generator 40 outputs gate commands to be supplied
to switching elements of a U-phase, a V-phase and a W-phase of the inverter
circuit INV so that current command values and current values actually
outputted from the inverter circuit INV match.

In this embodiment, the inverter circuit INV has six switching elements
(two switches for each phase) (not shown in the drawing) and, therefore, eight
combinations are considered as a combination state of the switching elements.
Accordingly, by considering a phase difference of each phase in an output
voltage of the inverter circuit INV, eight voltage vectors corresponding to
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respective switching states are assumed. The eight voltage vectors may be
expressed as being formed of: six basic voltage vectors V1 to V6 having phases
different from each other by /3 and having the same magnitude; and two zero
voltage vectors VO and V7. In such a state, the eight voltage vectors VO to V7
correspond to the eight types of the switching states. For example, the voltage
vectors are expressed as "1" when the switching element on a positive side of
each phase is ON, and are expressed as "0" when the switching element on a
negative side of each phase is ON.

In the embodiment, an example of a current tracking type PWM control is
described. In this current tracking type PWM control, a gate command is
generated by selecting a non-zero voltage vector (voltage vectors V1 to V6
other than the zero voltage vectors V0= (000) and V7= (111)) based on a
current command value and an angle 0i of a current vector deviation of a
detected current. The voltage vector V1 corresponds to (001) when expressed
by a UVW gate command. In the same manner, voltage vectors V2 to V7 and
VO correspond to (010), (011), (100), (101), (110), (111) and (000) respectively.
Among these voltage vectors, the voltage vectors VO and V7 are referred to as
zero voltage vectors since an UVW interphase voltage is OV. The voltage
vectors V2 to V6 are referred to as non-zero voltage vectors. When the inverter
circuit INV outputs the zero voltage vector VO or the zero voltage vector V7, a
current is changed only by an induced voltage of the rotor, and a change
amount of the current becomes small. Accordingly, in the embodiment, in order
to increase a current differential term in detecting the rotor position, only the
non-zero voltage vectors are selected as the voltage vector.

The gate command generator 40 includes: a table TB in which gate
commands of a U-phase, a V-phase and a W-phase with respect to a range of
an angle 0i are stored; and a three-phase/af converter 42.

The gate command generator 40 uses the table TB to select a voltage
vector closest to a vector of an angle 6i using a voltage vector V4 (=0) as a
reference, and outputs a gate command corresponding to the selected voltage
vector.

The three-phase/ap converter 42 receives gate commands outputted
from the table TB, and calculates output voltage target vectors Va and V3 of an
aB-axis fixed coordinate system by performing an af conversion on the gate
commands corresponding to the U, V and W phases, and outputs the output
voltage target vectors Va and VB. The output voltage target vectors Va and V8
are obtained by performing the af§ conversion on three-phase alternating-
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current voltage commands calculated from the gate commands of the inverter
circuit INV, and are vector values of output voltages of the inverter circuit INV
which the gate commands intend to realize.

The inverter circuit INV includes: a direct-current power source (direct-
current load); two switching elements of a U-phase; two switching elements of a
V-phase; and two switching elements of a W-phase. The two switching
elements of each phase are connected in series between a direct-current line
connected to a positive electrode of the direct-current power source and a
direct-current line connected to a negative electrode of the direct-current power
source. The switching elements of the inverter circuit INV are controlled in
accordance with gate commands received from the gate command generator
40. The inverter circuit INV is a three-phase alternating-current inverter which
outputs a U-phase current lu, a V-phase current lv, and a W-phase current Iw to
the electric motor M which is an alternating-current load. The inverter circuit INV
is also capable of charging an electric power generated at the electric motor M
to a secondary battery which is a direct-current power source.

FIG. 4 is a view for describing a configuration example of a part of the
electric motor shown in FIG. 1.

In FIG. 4, only a part of the electric motor M is shown. The stator 100 and
the rotor 200 of the electric motor M are respectively formed by combining a
plurality of configurations shown in FIG. 4, for example.

The electric motor M is a permanent magnet synchronous motor having
magnetic saliency. The electric motor M is, for example, a magnet-type
synchronous motor including the stator 100 and the rotor 200. The rotor 200
includes air gaps 210, outer circumferential bridges BR1, center bridges BR2,
and magnets MG.

The center bridges BR2 are arranged along lines extending from a center
toward an outer circumferential portion of the rotor 200. The line on which the
center bridge BR2 is arranged forms a d-axis. The outer circumferential bridges
BR1 are positioned between an outer circumference of the rotor 200 and the air
gaps 210. On a portion of the electric motor M shown in FIG. 4, six air gaps 210
extending from the outer circumferential portion toward the center portion of the
rotor 200 are provided. The air gaps 210 extend between the center bridge BR2
and the outer circumferential bridges BR1 in line symmetry with respect to the d
axis. A magnet MG for stabilizing a magnetic path is disposed at an end portion
of the air gap 210 on a center bridge BR2 side.

In the initial estimation when activating the inverter circuit INV, the rotary
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phase angle estimator 60 calculates a rotary phase angle estimated value of the
electric motor M based on current values detected by the current sensors 80,
output voltage target values Va and VB of the inverter circuit INV, and a phase
angle estimated value Best.

The rotary phase angle estimator 60 includes an a/dq converter 62, an
estimated error calculator 64, a PLL calculator 66, a low-pass filter FL1, and an
integrator 68.

The ap/dq converter 62 receives a rotary phase angle estimated value
Best from the integrator 68, receives the output voltage target vectors Va and
VB of the aB-axis fixed coordinate system from the gate command generator,
and receives current values ia_FBK and i_FBK of the aB-axis fixed coordinate
system from the three-phase/af converter 50. These vector values are
converted into a dg-axis coordinate system, and converted values are outputted.
The values outputted from the af/dq converter 62 are voltage vectors Vdc and
Vqc and current vectors idc and iqc of a dcgc coordinate system including an
estimated error A®.

The estimated error calculator 64 receives the voltage vectors Vdc and
Vgc and the current vectors idc and iqc from the ap/dq converter 62, and
calculates the estimated error A8 based on these vectors. Calculation equations
of the estimated error A8 will be explained hereinafter.

In the magnet-type synchronous motor, a voltage equation when a rotary
phase angle error AB is zero, that is, when actual dg-axes and estimated dcqc-
axes match is expressed by a following [Formula 1].

[Mathematical 1]

{vdJ _ R+ pL, - a)eLq :H:I.d} N a)e[ 0 } [Formula 1]
v, w,L, R+ pL, |1, ¥,

In the above-mentioned [Formula 1], vd, vg: dg-axes voltages, id, iq: dg-
axes currents, R: coil resistance of the electric motor, we: electric angle
angular velocity, Ld, Lg: dg-axis inductance, p: differential operator (=d/dt).

To modify [Formula 1] by converting [Formula 1] into a dcqc-axes
coordinate system which is an estimated coordinate system into the form of an
extended induced voltage equation, [Formula 2] to [Formula 4] are obtained.
[Mathematical 2]
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‘i dc“:{ p d e q }‘V.dcjl_'_{ dc} [Formulaz]
Ve | ol, R+pL,|i, €,
€4 —sin A@
=E, [ Formula3 ]
e, “| cos A@
Ey = (Ld —Lar)id —piq)+ QY [ Formula4 ]

Eox calculated using [Formula 4] is referred to as an extended induced
voltage.

To modify [Formula 2] by assuming an estimated value of a rotational
speed as west and an estimated value of a rotary phase angle as Best,
[Formula 5] is obtained.

[Mathematical 3]
{— E,_ sin AG:I [vdc} [R +pl, -olL, J{i‘,‘} [ :
= - . Formula 5
E, cos A8 Ve o, L, R+pL,|i,

[Formula 6] is obtained by dividing a d-axis in [Formula 5] by a g-axis.
[Mathematical 4]

— Ex sin A8 {vdc - (R + pLd )idc - meLqiqc }

=—tan A0 = ; : —
E_cosAf Vo + @ Lig —(R+pLyI, |

[ Formula6 ]

[Formula 7] is obtained by modifying the above-mentioned [Formula 6] in
the form of an arc tangent.
[Mathematical 5]

A0 =—tan - {‘1{‘;& - (R " PLd )id‘ B ('oe‘Lq iqc }}

[ Formula?7 ]
Ve + a)eLq i, —(R+pL, )iqc :

By substituting a rotational speed we in [Formula 7] for an estimated
value west, a rotary phase angle error ABest can be calculated. Further, a
rotational speed estimated value west is calculated by performing a PLL control
such that a rotary phase angle error ABest becomes zero. A rotary phase angle
estimated value Best is calculated by integrating calculated rotational speed
estimated value west. In this manner, the motor can be driven in a rotation
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angle sensorless mode.

The method of estimating a rotary phase angle and a rotational speed
using an extended induced voltage has been described above. However, in the
case where a magnet-type synchronous motor is driven by a rotary sensorless
control, it is necessary to perform magnet polarity determination (NS
determination). When magnetic polarities are erroneously estimated, there is a
concern that a motor is rotated reversely. Accordingly, highly accurate polarity
estimation is required.

FIG. 5 is a block diagram schematically showing a configuration example
of a polarity determination part of the inverter control device of the first
embodiment.

The polarity determination part 70 performs, in the initial estimation at the
time of starting the inverter circuit INV, magnet magnetic pole determination
using a magnetic flux or a voltage which is synchronous with rotor frequency of
the motor M generated when a current in synchronism with the rotor frequency
of the motor M is supplied or using both of the magnetic flux and the voltage.
Then, the polarity determination part 70 outputs a correction value BNS for an
estimated value Best’ of a rotary phase angle based on a result of the
determination. In this embodiment, the polarity determination part 70 performs
the magnet magnetic pole determination using a d-axis basic wave magnetic
flux or a g-axis voltage generated based on a basic wave magnetic flux
generated when a current in a d-axis direction is supplied.

FIG. 6 is a view showing an example of a d-axis current - d-axis basic
wave magnetic flux characteristic of a magnet-type synchronous motor.

In this embodiment, in the electric motor M, magnitude of a d-axis
interlinkage magnetic flux differs between the case where a current is supplied
to a +d-axis and the case where a current is supplied to a -d-axis. In view of the
above, the polarity determination part 70 performs magnet polarity
determination of the electric motor M based on the above-mentioned difference
in the d-axis interlinkage magnetic flux. The above-mentioned difference in the
d-axis interlinkage magnetic flux occurs not only in a motor having a small
magnet amount but also in a motor having a large magnet amount.

The polarity determination part 70 calculates a g-axis voltage set value
Vd_rr using [Formula 8], and calculates a voltage difference AVq_NS which
becomes the reference in NS determination using [Formula 9]. A g-axis voltage
actual value Vgc can be expressed by [Formula 10].

[Mathematical 6]
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Avq_NS = vqc _vq_FF [ Formula9 ]
where Vg = @, L i, [ Formula 10 ]

FIG. 7 is a view for describing an example of a setting range of a d-axis
inductance set value in the inverter control device of the embodiment.

It is sufficient that a d-axis inductance set value L4_rr be a value between
a d-axis inductance generated when a current is supplied in a +d-axis direction
and a d-axis inductance generated when the current is supplied in a -d-axis
direction. In this embodiment, it is assumed that the d-axis inductance set value
L4 Fr be an average value between the d-axis inductance generated when a
current is supplied in a +d-axis direction and the d-axis inductance generated
when the current is supplied in a -d-axis direction, for example.

In the case where a d-axis inductance set value Ld rr is set and a current
control is accurately performed, a current command value id_ref becomes equal
to a d-axis current actual value idc, and a voltage difference AVq_NS assumes
a relationship expressed by [Formula 11].

[Mathematical 7]

>0---(6,, =0deg)

AV, s = @y By 0 (Ld _Ld_pp)' [ Formula 11 ]
LO"'(QW =180deg)

The polarity determination part 70 outputs a rotary phase and a
correction value ONS for a rotation angle estimated by a speed estimation unit
in accordance with the above-mentioned relationship expressed by the above-
mentioned [Formula 11].

That is, the polarity determination part 70 includes multipliers 71, 72, a
threshold value setting part Th, a subtractor 73, a filter FL2, and selectors 74,
75. The polarity determination part 70 receives a g-axis voltage Vqc, a d-axis
current command id_ref and a rotational speed estimated value west as inputs.

The threshold value setting part Th outputs a d-axis inductance set value
Ld_FF for calculating a g-axis voltage set value Vq_rr to the multiplier 72.

The multiplier 71 multiplies a d-axis current command id_ref and a
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rotational speed estimated value west, and outputs a multiplied value to the
multiplier 72.

The multiplier 72 multiplies a calculated result obtained by the multiplier
71 by a d-axis inductance set value Ly rr and outputs a multiplied value to the
subtractor 73 as a g-axis voltage set value Vg _rr.

The subtractor 73 subtracts a g-axis voltage set value Vq_rr from a g-axis
voltage Vqc, and outputs a value obtained by subtraction as a voltage
difference AVq_NS.

The filter FL2 is a low pass filter, for example, and outputs the voltage
difference AVg_NS outputted from the subtractor 73 in a state where a high-
frequency component contained in the voltage difference AVg_NS is removed.

The selector 74 determines whether or not the voltage difference
AVg_NS outputted from the filter FL2 is zero or more, and outputs a value
corresponding to a determination result. That is, the selector 74 sets an output
value to “0” when the voltage difference AVq_NS is zero or more, and sets the
output value to “1” when the voltage difference AVqg_NS is less than zero.

The selector 75 outputs a correction value 6NS based on a value
outputted from the selector 74. That is, the selector 75 outputs 1 (180°) as the
correction value BNS when the value outputted from the selector 74 is “1”, and
outputs 0° as the correction value 6NS when the value outputted from the
selector 74 is “0”.

The correction value 6NS outputted from the selector 75 is added to a
rotary phase angle estimated value Best’ outputted from the rotary phase angle
estimator 60 so that the rotary phase angle estimated value Best’ is corrected.
The corrected rotary phase angle estimated value Best is supplied to the dg/ap
converter 20 and the af/dq converter 62 and is used for vector conversion.

FIG. 8 is a view for describing an example of an operation of the inverter
control device of the embodiment.

In the inverter control device 1 according to this embodiment, polarity
determination is performed in the initial estimation at the time of starting the
inverter circuit INV. That is, the calculation of a rotary phase angle estimated
value by the rotary phase angle estimator 60 and the magnet magnetic pole
determination by the polarity determination part 70 are performed in response to
an activation command supplied to the inverter circuit INV. Before starting the
inverter circuit INV or before the completion of the initial estimation, the inverter
circuit INV is in a stopped state and the electric motor M is in a free run state.

The host controller CTR sets a current command id_ref, iq_ref and a
current phase B_ref for supplying a current to the motor, and controls various
flags (a current conducting flag (lon), an initialization flag, an initial estimation
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flag, a NS determination calculating flag, an NS determination result reflection
flag, a normal control flag). The host controller CTR supplies the initialization
flag, the initial estimation flag, the normal control flag and the NS determination
calculating flag to the rotary phase angle estimator 60. The host controller CTR
supplies the NS determination result reflection flag to the polarity determination
part 70. The host controller CTR supplies the current conducting flag (lon) to the
current command generator 10.

When the host controller CTR receives an activation command, the host
controller CTR sets an initialization flag to “ON” simultaneously. Subsequently,
the host controller CTR sets an initial estimation flag and a current conducting
flag (lon) to “ON” and sets the initialization flag to “OFF".

When the host controller CTR set the initialization flag to “ON”, the rotary
phase angle estimator 60 performs initialization by setting an estimated rotary
phase angle to an initial value and by setting an estimated value of a rotational
speed to an initial value. Subsequently, when the host controller CTR sets the
initial estimation flag to “ON”, the calculation of a rotary phase angle estimated
value Best and a rotational speed estimated value west is started.

Then, the host controller CTR sets an NS determination calculating flag
to “ON”. When the host controller CTR sets the NS determination calculating
flag to “ON”, the polarity determination part 70 calculates a voltage difference
AVqg_NS.

Then, the host controller CTR sets the initial estimation flag and the NS
determination calculating flag to “OFF”, and sets an NS determination result
reflection flag to “ON”".

When the host controller CTR sets the NS determination result reflection
flag to “ON”, the polarity determination part 70 outputs a correction value 6NS
for a rotation angle corresponding to the value of a voltage difference AVq_NS
as shown in [Formula 11].

Then, the host controller CTR sets an NS determination result reflection
flag to “OFF” and sets an initialization flag to “ON".

When the host controller CTR sets the initialization flag to “ON", the
rotary phase angle estimator 60 performs initialization by setting an estimated
value of the rotary phase angle and an estimated value of a rotational speed to
initial values respectively.

Then, the host controller CTR sets the initialization flag to “OFF" and sets
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a normal control flag to “ON”. The rotary phase angle estimator 60 finishes
initial estimation processing when the normal control flag is set to “ON”, and
starts a power running operation or a regeneration driving operation.

Then, an example of a result of a simulation performed with respect to
the inverter control device 1 of the above-mentioned embodiment is described.
In this embodiment, the simulation result is described where a rotary phase
angle estimated value, a rotational speed estimated value and a voltage
difference AVq_NS are calculated.

FIG. 9 and FIG. 10 are views showing examples of simulation results
with respect to the inverter control device of the first embodiment. FIG. 9 and
FIG. 10 show the simulation results during a period including a period from a
timing at which a current conducting flag lon shown in FIG. 8 is set to “ON" to a
timing at which an NS determination calculating flag is set to “OFF”.

In the simulations, an example is shown where the inverter control device
starts current conducting and starts calculation of an estimated rotary phase
angle and an estimated value of a rotational speed at a point of time of 0
seconds, and completes initial estimation at a point of time of 0.1 seconds. The
inverter control device starts calculation of polarity determination at a point of
time of 0.05 seconds.

In the example shown in FIG. 9, an actual value of a rotary phase angle
and an estimated value are displaced from each other by 180°. In this case,
when a current conducting flag (lon) is set to “ON” and, after a lapse of 0.05
seconds, a polarity determination calculating flag is set to “ON”, the polarity
determination is started, and a voltage difference AVq ns takes a minus value. At
this stage of the operation, in the inverter control device 1 of this embodiment, a
correction value BNS assumes 180° and hence, an estimated value of the rotary
phase angle is corrected whereby an estimated value and an actual value
become equal.

In the example shown in FIG. 10, an actual value and an estimated value
of a rotary phase angle are not displaced from each other. It is understood from
this result that a voltage difference AVq_ns takes a positive value unlike the
previously-mentioned result. At this stage of the operation, in the inverter control
device 1 of this embodiment, a correction value BNS becomes 0° and hence, an
estimated value of a rotary phase angle and an actual value of the rotary phase
angle become equal.

The above-mentioned calculation is performed until a point of time of 0.1
sec at which the initial estimation is completed, and the magnetic pole



10

15

20

25

30

35

correction is performed by adding 6NS to the estimated rotary phase angle as
180° or 0° based on a voltage difference when the initial estimation is
completed.

As described above, in this embodiment, also in driving a synchronous
motor having a small non-load magnetic flux, the magnetic pole position can be
determined with high accuracy. Further, in the inverter control device 1 and the
drive system according to this embodiment, unlike a method of determining a
magnetic pole position by making use of a harmonic voltage, polarity
determination can be performed with high accuracy even when a rotational
speed is increased and hence, there is no possibility that noise occurs.

That is, according to the inverter control device 1 and the drive system of
this embodiment, accuracy of a rotary sensorless control of an electric motor
can be enhanced.

Next, an inverter control device and a drive system of a second
embodiment are described with reference to drawings.

The inverter control device 1 according to the second embodiment has
substantially the same configuration as the above-mentioned first embodiment
except for the configuration of the polarity determination part 70. In this
embodiment, the polarity determination part 70 performs polarity determination
using a difference in magnetic flux. In the description made hereinafter,
constitutional parts of the second embodiment substantially equal to the
corresponding constitutional parts of the first embodiment are given the same
symbols, and the description of these constitutional parts is omitted.

FIG. 11 is a block diagram schematically showing a configuration
example of the polarity determination part of the inverter control device of the
second embodiment.

The polarity determination part 70 of this embodiment performs polarity
determination using a g-axis voltage actual value Vqc, a d-axis current
command id_ref, a rotational speed estimated value west, and an inductance
set value L4 rr.

The polarity determination part 70 calculates an actual d-axis magnetic
flux ®d_act using the following [Formula 12]. The polarity determination part 70
calculates a d-axis magnetic flux set value ®q4_rr using the following formula
[Formula 13]. The polarity determination part 70 calculates a magnetic flux
difference A®q4 ns which becomes the reference in polarity determination using
the following [Formula 14].

[Mathematical 8]
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The polarity determination part 70 includes a divider 76, a multiplier 77, a
subtractor 78, a filter FL2, a threshold value setting part Th, and selectors 79,
75.

The divider 76 calculates an actual d-axis magnetic flux ®q_act by dividing
a d-axis voltage actual value Vqc (=west-Ld-Idc) by a rotational speed
estimated value west, and supplies the actual d-axis magnetic flux ®d_act to the
subtractor 78.

The multiplier 77 calculates a d-axis magnetic flux set value ®4_rr by
multiplying a d-axis current command id_ref and an inductance set value Ld_rr
with each other, and supplies the d-axis magnetic flux set value ®q_rr to the
subtractor 78.

The subtractor 78 calculates a magnetic flux difference A®q_ns by
subtracting the d-axis magnetic flux set value ®4_rr from the actual d-axis
magnetic flux value ®q_act, and supplies the magnetic flux difference A®q_ns to
the filter FL2.

The filter FL2 is a low pass filter, for example, and supplies the magnetic
flux difference A®q4_ns from which a high frequency component is removed to
the selector 79.

The selector 79 determines whether or not the magnetic flux difference
Adg ns outputted from the filter FL2 is zero or more, and outputs a value
corresponding to a determination result. That is, the selector 79 sets an output
value to “0” when the magnetic flux difference A®q4_ns is zero or more, and sets
the output value to “1” when the magnetic flux difference A®q ns is less than
Zero.

The selector 75 outputs a correction value BNS based on a value
outputted from the selector 79. That is, the selector 75 outputs 1 (180°) as the
correction value 8BNS when the value outputted from the selector 79 is “1”, and
outputs 0° as the correction value 6NS when the value outputted from the
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selector 79 is “0”.

The correction value 8NS outputted from the selector 75 is added to a
rotary phase angle estimated value Best’ outputted from the rotary phase angle
estimator 60 so that the rotary phase angle estimated value Best' is corrected.
The corrected rotary phase angle estimated value Best is supplied to the da/aB
converter 20 and the af/dq converter 62 and is used for vector conversion.

As described above, according to the inverter control device 1 and the
drive system of this embodiment, in the same manner as the previously
mentioned first embodiment, also in driving a synchronous motor having a small
load magnetic flux, the magnetic pole position can be determined with high
accuracy. Further, in the inverter control device 1 and the drive system
according to this embodiment, unlike a method of determining a magnetic pole
position by making use of a harmonic voltage, polarity determination can be
performed with high accuracy even when a rotational speed is increased and
hence, there is no possibility that noise occurs.

That is, according to the inverter control device 1 and the drive system of
this embodiment, accuracy of a rotary sensorless control of an electric motor
can be enhanced.

Next, an inverter control device and a drive system of a third embodiment
are described with reference to drawings.

FIG. 12 is a block diagram schematically showing a configuration
example of a polarity determination part of the inverter control device of the third
embodiment.

The inverter control device 1 of this embodiment differs from the above-
mentioned first embodiment and second embodiment with respect to the
configuration of a polarity determination part 70.

In this embodiment, the polarity determination part 70 performs polarity
determination using a g-axis voltage actual value Vqc, a d-axis current
command id_ref, an estimated rotational speed west, and an inductance set
value Lqg rr. In this case, a threshold value setting part Th sets the inductance
set value L4 pr such that the inductance set value L4 rr matches an inductance
generated when a current is supplied in a +d-axis or an inductance generated
when a current is supplied in a -d-axis.

In this case, the polarity determination part 70 calculates an actual d-axis
magnetic flux ®g4 .t using the above-mentioned [Formula 12]. The polarity
determination part 70 calculates a d-axis magnetic flux set value @4 rr using the
above-mentioned [Formula 13]. The polarity determination part 70 calculates a
magnetic flux difference A®q4 ns which becomes a reference in polarity
determination using the above-mentioned [Formula 14].
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In the threshold value setting part Th, for example, assuming the
inductance set value L4 rr @s an inductance value when a current is supplied in
a -d-axis, a relationship between the inductance set value and the magnetic flux
difference when a current control is performed with high accuracy is shown in
[Formula 15].

[Mathematical 9]
> Threshold value -+ (8ys =180deg)

lA(Dd-NSl = f(Ld - Ld_FF)'id-"ef [ Formula15]

<Threshold value ***(Oys = 0deg)

FIG. 13 is a view showing an example of a relationship between a
predetermined threshold value and an absolute value of a magnetic flux
difference A®g ns.

The polarity determination part 70 determines that polarities (NS) match
when an absolute value of the magnetic flux difference A®q ns is lower than a
predetermined threshold value ®d_th at a predetermined timing, and
determines that the polarities (NS) are inverted when the absolute value of the
magnetic flux difference A®q4 ns is equal to or more than the predetermined
threshold value ®d_th at the predetermined timing.

In the threshold value setting part Th, in the case where the inductance
set value Lq_rr is set to an inductance value when a current is supplied in a +d-
axis, a determination result opposite to the above-mentioned determination
result is obtained. That is, the polarity determination part 70 determines that
polarities (NS) are inverted when the absolute value of the magnetic flux
difference A®q4 ns is lower than the predetermined threshold value, and
determines that the polarites (NS) match when the absolute value of the
magnetic flux difference A®q ns is equal to or more than the predetermined
threshold value.

The predetermined threshold value ®d_th may be decided
corresponding to an inductance difference or voltage detection accuracy when a
current is supplied in a +d-axis. For example, the predetermined threshold value
®d_th may be determined by referencing a table with respect to a supply
current.

That is, the polarity determination part 70 of this embodiment includes a
divider 76, a multiplier 77, a subtractor 78, a threshold value setting part Th, a
filter FL2, an absolute value calculator ABS, and selectors SL, 75.

The divider 76 calculates an actual d-axis magnetic flux ®q_act by dividing
a d-axis voltage actual value Vqc (=swest-Ld-ldc) by a rotational speed
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estimated value west, and supplies the actual d-axis magnetic flux ®y ¢t to the
subtractor 78.

The multiplier 77 calculates a d-axis magnetic flux set value ®q4 gr by
multiplying a d-axis current command id_ref and an inductance set value Ly rr
to each other, and supplies the d-axis magnetic flux set value @4 rr to the
subtractor 78.

The subtractor 78 calculates a magnetic flux difference A®g4 ns by
subtracting a d-axis magnetic flux set value @4 from an actual d-axis
magnetic flux value ®q oo, and supplies the magnetic flux difference A®qy ns to
the filter FL2.

The filter FL2 is a low pass filter, for example, and supplies the magnetic
flux difference A®4 ns from which a high frequency component is removed to
the absolute value calculator ABS.

The absolute value calculator ABS calculates an absolute value of the
magnetic flux difference A®q4 ns outputted from the filter FL2, and outputs the
absolute value of the magnetic flux difference A®q ns to the selector SL.

The selector SL compares the absolute value of the magnetic flux
difference A®y ns outputted from the absolute value calculator ABS and a
predetermined threshold value ®d_th, determines whether or not the magnetic
flux difference A®4 ns is equal to or more than the threshold value ®d_th, and
outputs a value corresponding to a determination result. That is, the selector 79
sets an output value to “1” when the magnetic flux difference A®qy_ys is equal to
or more than the threshold value ®d_th, and sets the output value to “0” when
the magnetic flux difference A®q ns is less than the threshold value ®d_th.

The selector 75 outputs a correction value BNS based on a value
outputted from the selector SL. That is, the selector 75 outputs 1 (180°) as the
correction value B8NS when the value outputted from the selector SL is “1”, and
outputs 0° as the correction value 6NS when the value outputted from the
selector SL is “0”.

The correction value 8BNS outputted from the selector 75 is added to a
rotary phase angle estimated value Best’ outputted from the rotary phase angle
estimator 60 so that the rotary phase angle estimated value Best’ is corrected.
The corrected rotary phase angle estimated value Best is supplied to the dg/af
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converter 20 and the ap/dqg converter 62 and is used for vector conversion.

As described above, according to the inverter control device 1 and the
drive system of this embodiment, in the same manner as the previously
mentioned first embodiment, also in driving a synchronous motor having a small
load magnetic flux, the magnetic pole position can be determined with high
accuracy. Further, in the inverter control device 1 and the drive system
according to this embodiment, unlike a method of determining a magnetic pole
position by making use of a harmonic voltage, polarity determination can be
performed with high accuracy even when a rotational speed is increased and
hence, there is no possibility that noise occurs.

That is, according to the inverter control device and the drive system of
this embodiment, accuracy of a rotary sensorless control of an electric motor
can be enhanced.

Next, an inverter control device and a drive system of a fourth
embodiment are described with reference to drawings.

FIG. 14 is a block diagram schematically showing a configuration
example of the inverter control device and a drive system of the fourth
embodiment. In the inverter control device 1 and the drive system of this
embodiment, polarities are determined based on a g-axis voltage generated
when a d-axis current in a positive direction flows and a g-axis voltage
generated when a d-axis current in a negative direction flows. That is, the
polarity determination part 70 performs magnet magnetic pole determination of
the electric motor based on a comparison result between a g-axis voltage value
of the electric motor when a current is supplied aiming at a -d-axis direction and
a g-axis voltage value of the electric motor when the current is supplied aiming
at a +d-axis direction, and outputs a correction value for the rotary phase angle
estimated value based on a determination result.

The inverter control device 1 and the drive system of this embodiment
differ from the inverter control device 1 and the drive system of the above-
mentioned first to third embodiments with respect to a flag supplied to the
polarity determination part 70 and the configuration of the polarity determination
part 70. That is, in this embodiment, a host controller CTR supplies a current
phase angle change flag to the polarity determination part 70. The host
controller CTR switches the current phase angle change flag from High (H) to
Low (L) in synchronism with timing at which a command value of a d-axis
current is switched from a positive direction to a negative direction, and
switches the current phase angle change flag from Low (L) to High (H) in



10

15

20

25

30

35

- 21 -

synchronism with timing at which a command value of a d-axis current is
switched from a negative direction to a positive direction.

FIG. 15 is a block diagram schematically showing another configuration
example of a polarity determination part of the inverter control device of the
fourth embodiment.

The polarity determination part 70 includes a g-axis voltage difference
calculator 710 and a correction value calculator 720. The g-axis voltage
difference calculator 710 includes an absolute value calculator 711, trigger
output parts 712, 713, a first zero order hold 714, a second zero order hold 715,
a subtractor 716, and a filter FL3. The correction value calculator 720 includes
selectors 74, 75.

The absolute value calculator 711 calculates an absolute value of a g-
axis voltage actual value Vqc, and supplies a calculation result to the first zero
order hold 714 and the second zero order hold 715.

The trigger output part 712 outputs a pulse to the first zero order hold
714 in synchronism with timing at which a current phase angle change flag is
set to “ON".

Upon receiving a pulse from the trigger output part 712, the first zero
order hold 714 holds a value supplied from the absolute value calculator 711 as
an output value, and outputs the output value to the subtractor 716.

The trigger output part 713 outputs a pulse to the second zero order hold
715 in synchronism with timing at which the current phase angle change flag is
set to “OFF”.

Upon receiving a pulse from the trigger output part 713, the second zero
order hold 715 holds a value supplied from the absolute value calculator 711 as
an output value, and outputs the output value to the subtractor 716.

The subtractor 716 subtracts the value supplied from the second zero
order hold 715 from the value supplied from the first zero order hold 714, and
supplies a value obtained by the subtraction to the filter FL3. That is, the
subtractor 716 outputs a g-axis voltage difference which is obtained by
subtracting a g-axis voltage generated when a d-axis current command value
changes from positive to negative from a g-axis voltage generated when the d-
axis current command value changes from negative to positive.

The filter FL3 is a low pass filter, for example, and outputs a g-axis
voltage difference from which a high frequency component is removed to the
selector 74.

The selector 74 determines whether or not the g-axis voltage difference
outputted from the filter FL3 is equal to or below zero, and outputs a value
corresponding to a determination result. That is, the selector 74 sets an output
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value to “0” when the g-axis voltage difference is zero or less, and sets the
output value to “1” when the g-axis voltage difference is larger than zero.

The selector 75 outputs a correction value 6NS based on a value
outputted from the selector 74. That is, the selector 75 outputs 1 (180°) as the
correction value BNS when the value outputted from the selector 74 is “1”, and
outputs 0° as the correction value 8BNS when the value outputted from the
selector 74 is “0”.

The correction value 8BNS outputted from the selector 75 is added to a
rotary phase angle estimated value Best’ outputted from the rotary phase angle
estimator 60 so that the rotary phase angle estimated value Best’ is corrected.
The corrected rotary phase angle estimated value Best is supplied to the da/af
converter 20 and the aB/dq converter 62 and is used for vector conversion.

FIG. 16 and FIG. 17 are views showing an example of a simulation result
of a polarity determination operation performed by the inverter control device of
the embodiment. In FIG. 16 and FIG. 17, a simulation result during a period
including a period from timing at which the current conducting flag lon shown in
FIG. 8 is set to “ON” to timing at which an NS determination calculation flag is
set to “OFF” is shown.

FIG. 16 and FIG. 17 describe an example where the supply of a current
starts and the calculation of estimated values of a rotary phase angle and a
rotational speed starts at 0 sec, and the initial estimation is completed at 0.1
sec. Further, the calculation of polarity determination is started at a point of time
of 0.04 sec.

FIG. 16 shows a simulation result when an actual value and an estimated
value of a rotary phase angle are not displaced from each other.

In starting polarity determination, the host controller CTR changes a d-
axis current command id_ref from negative to positive and, at the same time,
sets an NS determination calculation flag and a current phase angle change
flag to “ON”. When the current phase angle change flag is set to “ON", an
absolute value of a g-axis voltage Vqc is held in the first zero order hold 714 as
an output value. When a d-axis current command id_ref changes from negative
to positive, an absolute value of a g-axis voltage Vqc is increased.

Next, the host controller CTR changes the d-axis current command id_ref
from positive to negative and, at the same time, sets the current phase angle
change flag to “OFF”. When the current phase angle change flag is set to
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“OFF”, an absolute value of the g-axis voltage Vqc is held as an output value by
the second zero order hold 715. When the d-axis current command id_ref
changes from positive to negative, an absolute value of the g-axis voltage Vqc
is decreased.

Then, the host controller CTR sets an NS determination result reflection
flag to “ON", and outputs a correction value 6NS from the polarity determination
part 70. In this manner, polarity determination is finished.

In this example, an output value of the first zero order hold 714 becomes
smaller than an output value of the second zero order hold 715, and a value
outputted from the filter FL3 becomes zero or below. Accordingly, the correction
value 6NS becomes 0°.

FIG. 17 shows a simulation result when an actual value and an estimated
value of a rotary phase angle are displaced from each other by 180°.

An operation of the host controller CTR is substantially equal to the
operation of the host controller CTR in the simulation shown in FIG. 16. That is,
in starting polarity determination, the host controller CTR changes a d-axis
current command id_ref from negative to positive and, at the same time, sets an
NS determination calculation flag and a current phase angle change flag to
“ON”. When the current phase angle change flag is set to “ON", an absolute
value of a g-axis voltage Vqc is held in the first zero order hold 714 as an output
value. In this example, when a d-axis current command id_ref changes from
negative to positive, an absolute value of a g-axis voltage Vqc is decreased.

Next, the host controller CTR changes the d-axis current command id_ref
from positive to negative and, at the same time, sets the current phase angle
change flag to “OFF”. When the current phase angle change flag is set to
“OFF”, an absolute value of the g-axis voltage Vqc is held as an output value by
the second zero order hold 715. In this example, when the d-axis current
command id_ref changes from positive to negative, an absolute value of the g-
axis voltage Vqc is increased.

Then, the host controller CTR sets an NS determination result reflection
flag to “ON”", and outputs a correction value NS from the polarity determination
part 70. In this manner, polarity determination is finished.

In this example, an output value of the first zero order hold 714 becomes
larger than an output value of the second zero order hold 715, and a value
outputted from the filter FL3 becomes larger than zero and hence, the
correction value NS becomes 180°. Accordingly, an estimated value of a rotary
phase angle is inverted by the correction value 6NS and hence, an actual value
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and an estimated value of the rotary phase angle become equal to each other.

As described above, according to the inverter control device 1 and the
drive system of this embodiment, in the same manner as the previously
mentioned first embodiment, also in driving a synchronous motor having a small
load magnetic flux, the magnetic pole position can be determined with high
accuracy. Further, in the inverter control device 1 and the drive system
according to this embodiment, unlike a method of determining a magnetic pole
position by making use of a harmonic voltage, polarity determination can be
performed with high accuracy even when a rotational speed is increased and
hence, there is no possibility that noise occurs.

Further, according to the inverter control device 1 and the drive system of
this embodiment, an inductance set value is not used in polarity determination
and hence, it is possible to make the inverter control device 1 and the drive
system robust against an error in setting a parameter. Further, an estimated
speech value and a current value are not used in polarity determination and
hence, it is possible to make the inverter control device 1 and the drive system
insensible to a change in speed or a current ripple.

That is, according to the inverter control device 1 and the drive system of
this embodiment, accuracy of a rotary sensorless control of an electric motor
can be enhanced.

Next, an inverter control device 1 and a drive system of a fifth
embodiment are described with reference to drawings.

FIG. 18 is a block diagram schematically showing a configuration
example of the inverter control device and the drive system of the fifth
embodiment. In the inverter control device 1 and the drive system of this
embodiment, polarities are determined based on a g-axis voltage generated
when a d-axis current in a positive direction flows and a g-axis voltage
generated when a d-axis current in a negative direction flows. That is, the
polarity determination part 70 performs magnet magnetic pole determination of
the electric motor based on a comparison result between a g-axis voltage value
of the electric motor when 0° is added to a rotary phase angle estimated value
and a g-axis voltage value of the electric motor when 180° is added to the rotary
phase angle estimated value, and outputs a correction value for the rotary
phase angle estimated value based on a determination resuilt.

The inverter control device 1 of this embodiment differs from the inverter
control device 1 of the above-mentioned first to fourth embodiments with
respect to a flag supplied to the polarity determination part 70 and the
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configuration of the polarity determination part 70. That is, in this embodiment, a
host controller CTR supplies a phase inversion flag to the polarity determination
part 70. The host controller CTR switches the phase inversion flag from High
(H) to Low (L) when polarity determination is started, and switches the phase
inversion flag from Low (L) to High (H) after a lapse of a predetermined time.

FIG. 19 is a block diagram schematically showing another configuration
example of a polarity determination part of the inverter control device of the fifth
embodiment.

The polarity determination part 70 includes a phase inverting part 730
and a correction value calculator 720. The phase inverting part 730 includes an
absolute value calculator 731, trigger output parts 732, 733, a first zero order
hold 734, a second zero order hold 735, a subtractor 736, a selector 737, an
adder 738, and a filter FL4. The correction value calculator 720 includes
selectors 74, 75.

The absolute value calculator 731 calculates an absolute value of a g-
axis voltage actual value Vqc, and supplies a calculation result to the first zero
order hold 734 and the second zero order hold 735.

The trigger output part 732 outputs a pulse to the first zero order hold
734 in synchronism with timing at which a phase inversion flag is set to “ON”.

Upon receiving a pulse from the trigger output part 732, the first zero
order hold 734 holds a value supplied from the absolute value calculator 731 as
an output value, and outputs the output value to the subtractor 736.

The trigger output part 733 outputs a pulse to the second zero order hold
735 in synchronism with timing at which a phase inversion flag is set to “OFF”.

Upon receiving a pulse from the trigger output part 733, the second zero
order hold 735 holds a value supplied from the absolute value calculator 731 as
an output value, and supplies the output value to the subtractor 736.

The subtractor 736 subtracts the value supplied from the second zero
order hold 735 from the value supplied from the first zero order hold 734, and
supplies a value obtained by the subtraction to the filter FL4.

The selector 737 receives a phase inversion flag. The selector 737
outputs 1 (=180°) as an output value when the phase inversion flag is “1”, and
outputs zero (=0°) as an output value when the phase inversion flag is “0”. The
value outputted from the selector 737 is supplied to the adder 738.

The filter FL4 is a low pass filter, for example, and outputs a g-axis
voltage difference from which a high frequency component is removed to the
selector 74.
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The selector 74 determines whether or not the g-axis voltage difference
outputted from the filter FL4 is equal to or below zero, and outputs a value
corresponding to a determination result. That is, the selector 74 sets an output
value to “0” when the g-axis voltage difference is zero or less, and sets the
output value to “1” when the g-axis voltage difference is larger than zero.

The selector 75 selects an output value based on a value outputted from
the selector 74. That is, the selector 75 outputs 1 (180°) as the output value
when the value outputted from the selector 74 is “1”, and outputs 0° as the
output value when the value outputted from the selector 74 is “0”. The value
outputted from the selector 75 is supplied to the adder 738.

The adder 738 outputs a correction value 8BNS by adding the value
outputted from the selector 737 and the value outputted from the selector 75.
The correction value NS outputted from the adder 738 is added to a rotary
phase angle estimated value Best outputted from the rotary phase angle
estimator 60 so that the rotary phase angle estimated value Best is corrected.
The corrected rotary phase angle estimated value Best is supplied to the dg/af
converter 20 and the af/dq converter 62 and is used for vector conversion.

FIG. 20 and FIG. 21 are views showing an example of a simulation result
of a polarity determination operation performed by the inverter control device
and the drive system of the embodiment. In FIG. 20 and FIG. 21, a simulation
result during a period including a period from timing at which the current
conducting flag lon shown in FIG. 8 is set to “ON” to timing at which an NS
determination calculation flag is set to “OFF”.

FIG. 20 and FIG. 21 describe an example where the supply of a current
starts and calculation of estimated values of a rotary phase angle and a
rotational speed is started at 0 sec, and initial estimation is completed at 0.1
sec. Further, calculation of magnetic pole determination is started at a point of
time of 0.04 sec. In the simulation described hereinafter, a d-axis current
command is set to a negative fixed value.

FIG. 20 shows a simulation result when an actual value and an estimated
value of a rotary phase angle are not displaced from each other.

In starting polarity determination, the host controller CTR sets an NS
determination calculation flag and a phase inversion flag to “ON”. When the
phase inversion flag is set to “ON”, an absolute value of a g-axis voltage Vqc is
held in the first zero order hold 734 as an output value. When the phase
inversion flag is set to “ON”, an output value of the selector 737 becomes 180°,
and the correction value BNS becomes 180° so that an estimated value of a
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rotary phase angle is inverted. Accordingly, an absolute value of a g-axis
voltage is increased.

Next, the host controller CTR sets the phase inversion flag to “OFF” at a
point of time of 0.06 sec. When the phase inversion flag is set to “OFF”, an
absolute value of a g-axis voltage Vqc is held by the second zero order hold
735 as an output value. Further, when the phase inversion flag is set to “OFF”,
an output value of the selector 737 becomes 0°, and a correction value 6NS
becomes 0°. Accordingly, an estimated value of a rotary phase angle matches
an actual value.

Then, the host controller CTR sets an NS determination result reflection
flag to “ON”, and outputs a correction value NS from the polarity determination
part 70. In this manner, polarity determination is finished.

In this example, an output value of the first zero order hold 734 becomes
smaller than an output value of the second zero order hold 735, and a value
outputted from the filter FL4 becomes zero or below. Accordingly, the output
value of the selector 75 becomes 0°. At this point of time, a phase inversion flag
is “0” so that the output value of the selector 75 is a correction value 8NS. That
is, the output value of the selector 75 is 0°. Accordingly, a state where an
estimated value and an actual value of a rotary phase angle are equal is
maintained.

FIG. 21 shows a simulation result where an actual value and an
estimated value of a rotary phase angle are displaced from each other by 180°.

An operation of the host controller CTR is substantially equal to the
operation of the host controller CTR in the simulation shown in FIG. 20. That is,
in starting polarity determination, the host controller CTR sets an NS
determination calculation flag and a phase inversion flag to “ON”". When the
phase inversion flag is set to “ON”, an absolute value of a g-axis voltage Vqc is
held in the first zero order hold 734 as an output value. Further, when the phase
inversion flag is set to “ON”, an output value of the selector 737 becomes 180°,
and a correction value ONS becomes 180°. Accordingly, an estimated value of a
rotary phase angle matches an actual value.

Next, the host controller CTR sets the phase inversion flag to “OFF” at a
point of time of 0.06 sec. When the phase inversion flag is set to “OFF”, an
absolute value of a g-axis voltage Vqc is held by the second zero order hold
735 as an output value. Further, when the phase inversion flag is set to “OFF”,
an output value of the selector 737 becomes 0°, and a correction value BNS
becomes 0°. Accordingly, an estimated value and an actual value of a rotary
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phase angle are displaced from each other by 180°.

Then, the host controller CTR sets an NS determination result reflection
flag to “ON”, and outputs a correction value 8BNS from the polarity determination
part 70. In this manner, polarity determination is finished.

In this example, an output value of the first zero order hold 734 becomes
larger than an output value of the second zero order hold 735, and a value
outputted from the filter FL4 becomes larger than zero. Accordingly, the output
value of the selector 75 becomes 180°. At this point of time, a phase inversion
flag is “0” so that the output value of the selector 75 is a correction value 6NS.
That is, the output value of the selector 75 is 180°. Accordingly, an estimated
value of a rotary phase angle is inverted by the correction value ONS and
hence, an actual value and an estimated value of the rotary phase angle
become equal to each other.

As described above, according to the inverter control device 1 and the
drive system of this embodiment, in the same manner as the previously
mentioned first embodiment, also in driving a synchronous motor having a small
load magnetic flux, the magnetic pole position can be determined with high
accuracy. Further, in the inverter control device 1 and the drive system
according to this embodiment, unlike a method of determining a magnetic pole
position by making use of a harmonic voltage, polarity determination can be
performed with high accuracy even when a rotational speed is increased and
hence, there is no possibility that noise occurs.

Further, according to the inverter control device 1 and the drive system of
this embodiment, an inductance set value is not used in polarity determination
and hence, it is possible to make the inverter control device 1 and the drive
system robust against an error in setting a parameter. Further, an estimated
speed value and a current value are not used in polarity determination and
hence, it is possible to make the inverter control device 1 and the drive system
insensible to a change in speed or a current ripple.

That is, according to the inverter control device 1 and the drive system of
this embodiment, accuracy of a rotary sensorless control of an electric motor
can be enhanced.

In the first to third embodiments, polarity determination is performed by
calculating a differential by subtracting a set value from an actual value.
However, the actual value may be subtracted from the set value. In this case,
conditions necessary for performing the correction of a rotary phase may be
reversed. Further, a factor used for polarity determination is not limited to a
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magnetic flux or a voltage provided that the factor is a characteristic amount
generated due to a difference in a d-axis magnetic flux.

In the first to fifth embodiments, the description has been made by taking
the method where a current control is performed in accordance with a current
tracking type PWM control as an example. However, other methods may be
adopted provided that these methods form a unit which can determine an
inverter gate command by which a current command and a current detection
value are made to match. For example, substantially the same advantageous
effects can be obtained even when a triangular wave comparison type PWM
modulation method which uses a Pl control is adopted, for example.

In the above-mentioned first to fifth embodiments, the description has
been made by taking a sensorless control where a rotary phase angle and a
rotational speed are estimated as an example. However, substantially the same
advantageous effects can be obtained by adopting a magnet-type synchronous
motor drive system which uses a sensor where magnet polarities are not known
or a speed sensor such as a pulse generator (PG), for example, in the present
invention.

The first to fifth embodiments are provided on a premise that a voltage is
generated to some extent. However, when a rotational speed is low, a rotary
sensorless control method may be changed in a normal control after initial
estimation, and magnet magnetic polarity may be determined again by a
method which uses a harmonic current, a method which uses a magnet induced
voltage or the like.

Hereinafter, a method which performs NS determination based on
harmonic current information, and a method which performs NS determination
based on an induced voltage generated by magnet rotation are described.

1) Method which uses harmonic current

Compare to the voltage equation [Formula 1] when an estimated rotary
phase angle matches a true rotary phase angle, in the case where the
estimated rotary phase angle and the true rotary phase angle do not match, a
dg-axis voltage equation is modified to the following [Formula 16].
[Mathematical 10]

Vo | |R-@Ly  -0L, i L, L, i —siné
[VJ_[ ol, RioLy|i, +p L I, i YO oso [ Formula 16]
[Formula 17] is obtained by modifying [Formula 16] with respect to a
current differential term.
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[Mathematical 11]

Pid, _ 1 [Ly-Licos248 -Lsin248 |[IVa| [ R -l I _[-oLsin246 w,L; cos2401 i, - —sin A8
| LiL,| -Lsin240 Ly+Licos2ad]||v, | |@L, R [li,| | @Lcos240 o,L;sin2d6]i, ‘| cosd@

[

Where, 10=(L"‘;L4) 1,=(Ld;L4) [ Formula 17 ]

In this method, the case where a motor rotational speed is sufficiently low
so that a voltage drop due to a resistance can be ignored is taken as an
example. In this case, [Formula 17] is modified to the following [Formula 18].
[Mathematical 12]

i | 1 [Ly-Lcos248 -Lsin240 v,
Pli 71| -Lsin246 I, +L, cos246

gc

J [ Formula 18 ]

q vqc

When a high frequency voltage is applied only to an estimated d-axis
(dc-axis), [Formula 18] is modified to [Formula 19].
[Mathematical 13]

g d™q

la 1 L, ‘
P[,- }z 11 [‘Ld;Lq YV [ Formula 19]

According to the above-mentioned [Formula 19], a harmonic current on a
gc-axis changes depending on a rotation angle A8, and a rotary phase angle
can be estimated by making use of this characteristic of rotation angle
dependency. However, this characteristic changes twice as large as a rotor
rotation angle and hence, the characteristic cannot be used in determining a
phase difference of 180° such as NS.

On the other hand, the NS determination method which makes use of an
understanding that a dc-axis harmonic current is decided in accordance with the
inverse number of d-axis inductance is also adopted. Inductance of a magnet-
type synchronous motor having magnetic saliency exhibits a characteristic
shown in FIG. 6 where inductance is increased when a +d-axis current is
supplied in a positive direction. As an opposite case, inductance is lowered
when a -d-axis current is supplied. That is, in determining polarity of a magnetic
pole, a harmonic voltage is applied in a d-axis direction while supplying a xd-
axis current, and the magnetic pole is determined based on magnitude of the
harmonic current when such a harmonic voltage is applied.

2) Method which uses magnet induced voltage

Then, a polarity determination method which uses an induced voltage

generated by magnet rotation is described.



10

15

20

25

When a permanent magnet-type synchronous motor is rotated in a non-
load state, [Formula 16] is modified to [Formula 20].
[Mathematical 14]

Va’c

—sin @
= l//a)e[ } [ Formula 20 ]

v cosd

ge

Further, a voltage when an N pole of a magnet matches a d-axis (6=0°)
and a voltage when NS are inverted (6=180°) are expressed by [Formula 21].
[Mathematical 15]

Ve = WO, cos(0°) = +yw,
[ Formula21 ]
Ve = YO, cos(—180°) = -y,

As expressed by [Formula 21], when a magnetic pole position is inverted,
a symbol of an induced voltage generated on a gc-axis is inverted. A voltage is
generated in a +qg-axis direction in ideal and hence, NS determination can be
performed by looking at a symbol of vqc.

While several embodiments of the present invention have been
described, these embodiments have been presented by way of example only,
and are not intended to limit the scope of the invention. The novel embodiments
described herein may be embodied in a variety of other forms. Furthermore,
various omissions, substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit of the invention.
The accompanying claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and spirit of the present
invention.

In the above-mentioned plurality of embodiments, the inverter control
device and the host controller may have the configurations realized by
hardware. Alternatively, the inverter control device and the host controller may
include at least a processor and a memory, and may realize the configurations
of the inverter control device and the drive system by software. Both cases can
acquire substantially the same advantageous effect as the above-mentioned
plurality of embodiments.
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CLAIMS

1. An inverter control device comprising:

a current command generator that generates a current command value;

a current detector that detects a current value of an alternating current to
be outputted from an inverter circuit to an electric motor;

a gate command generator that generates a gate command to the
inverter circuit such that the current command value and the current value
detected by the current detector match, and obtains an output voltage target
vector of the inverter circuit based on the gate command;

a rotary phase angle estimator that obtains a rotary phase angle
estimated value of the electric motor based on the current value detected by the
current detector and the output voltage target vector; and

a polarity determination part that, with supply of a current in synchronism
with a rotor frequency of the electric motor, performs determination of a magnet
magnetic pole of the electric motor using a generated magnetic flux or voltage
in synchronism with the generated rotor frequency or both of the magnetic flux
and the voltage, and outputs a correction value for the rotary phase angle
estimated value based on a result of the determination.

2. The inverter control device according to claim 1, wherein the
polarity determination part performs the determination of the magnet magnetic
pole of the electric motor based on difference between an actual value of the
magnetic flux and a set value of the magnetic flux or based on difference
between an actual value of the voltage or a set value of the voltage.

3. The inverter control device according to claim 2, wherein the
polarity determination part obtains a set value of the magnetic flux or a set value
of the voltage using an inductance set value set within a range between an
inductance value when a d-axis current in a positive direction is supplied to the
electric motor and an inductance value when a d-axis current in a negative

direction is supplied to the electric motor.
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4. A drive system having magnetic saliency comprising:

the inverter control device according to claim 2;

a host controller that controls an operation of the inverter control device;
the inverter circuit; and

the electric motor, wherein the electric motor includes a rotor formed of a

magnet or a rotor in which a magnet is embedded.

5. The inverter control device according to claim 1, wherein the
polarity determination part performs the determination of the magnet magnetic
pole of the electric motor based on a comparison result between a g-axis
voltage value of the electric motor obtained by adding 0° to the rotary phase
angle estimated value and a g-axis voltage value of the electric motor obtained

by adding 180° to the rotary phase angle estimated value.

6. A drive system having magnetic saliency comprising:

the inverter control device according to claim 5;

a host controller that controls an operation of the inverter control device;
the inverter circuit; and

the electric motor, wherein the electric motor includes a rotor formed of a

magnet or a rotor in which a magnet is embedded.

7. The inverter control device according to claim 1, wherein the
polarity determination part performs the determination of the magnet magnetic
pole of the electric motor based on a comparison result between a g-axis
voltage value of the electric motor when a current is supplied aiming at a -d-axis
direction and a g-axis voltage value of the electric motor when the current is

supplied aiming at a +d-axis direction.

8. A drive system having magnetic saliency comprising:
the inverter control device according to claim 7;
a host controller that controls an operation of the inverter control device;
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the inverter circuit; and
the electric motor, wherein the electric motor includes a rotor formed of a

magnet or a rotor in which a magnet is embedded.

9. The inverter control device according to claim 1, wherein
calculation of a rotary phase angle estimated value by the rotary phase angle
estimator and the determination of the magnet magnetic pole by the polarity
determination part are performed in response to an activation command of the

inverter circuit.

10. A drive system having magnetic saliency comprising:

the inverter control device according to claim 9;

a host controller that controls an operation of the inverter control device;
the inverter circuit; and

the electric motor, wherein the electric motor includes a rotor formed of a

magnet or a rotor in which a magnet is embedded.

11. A drive system having magnetic saliency comprising:
the inverter control device according to claim 1;
a host controller that controls an operation of the inverter control device;
the inverter circuit; and
the electric motor, wherein the electric motor includes a rotor formed of a

magnet or a rotor in which a magnet is embedded.





