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(57) ABSTRACT

A method for calculating a motor constant of a permanent
magnet type synchronous motor according to the present
invention includes: a voltage applying step of applying a
voltage obtained by compositing a DC component and an AC
component to a permanent magnet type synchronous motor
while varying a frequency of the AC component; a current
detecting step of detecting a motor current flowing according
to the applied voltage; a phase difference calculating step of
calculating a difference in phase between the AC component
of the applied voltage and an AC component of the motor
current; and a motor constant calculating step of calculating a
motor constant of the permanent magnet type synchronous
motor. In addition, in the motor constant calculating step, the
motor constant is calculated based on the applied voltage and
the motor current when the difference in phase becomes
nearly 45 degrees.
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METHOD FOR CALCULATING MOTOR
CONSTANT OF PERMANENT MAGNET
TYPE SYNCHRONOUS MOTOR AND MOTOR
CONSTANT CALCULATING DEVICE

[0001] This application is a U.S. National Phase Applica-
tion of PCT International Application PCT/JP2012/004822.

TECHNICAL FIELD

[0002] The present invention relates to a method for calcu-
lating motor constant of a permanent magnet type synchro-
nous motor and a motor constant calculating device therefor.

BACKGROUND ART

[0003] Itis important to grasp a motor constant such as an
armature resistance or an inductance so as to control a per-
manent magnet type synchronous motor with high accuracy.
Under, for example, a position sensorless control in which the
above-described motor is controlled without a magnetic pole
position sensor, a technique for estimating a magnetic pole
position with a motor constant is adopted in many cases.
Alternatively, a current is controlled in most motors under a
vector control, wherein a motor constant is used to properly
set a gain in a current controller.

[0004] In order to readily obtain a motor constant in the
above-described motor, there has been known some tech-
niques for obtaining the motor constant without rotating the
motor. Patent Literature 1, for example, has been known. In
the technique disclosed in Patent Literature 1, a DC current is
allowed to flow, and then, a coil wire resistance is obtained
based on an input voltage and an input current at that time. At
the same time, fundamental wave components of an input
voltage and an input current when an AC current is allowed to
flow are extracted, and thereafter, an inductance is obtained
based on the value of each of the voltage and the current and
a difference in phase therebetween.

[0005] Moreover, Patent Literature 2 has been known as
another technique. In this technique, first, a voltage is stored
when DC currents on a higher level and a lower level are
allowed to flow. A difference in voltage between the two
levels is divided by a difference in current between the two
levels, thereby calculating a coil wire resistance. At the same
time, the voltage is sharply changed from a voltage value
based on the higher current level to a voltage value based on
the lower current level. A period of time until the current at the
time of the sharp change is changed to a predetermined value
is measured, so that an inductance is calculated based on the
resultant period of time and the coil wire resistance.

[0006] However, the technique disclosed in Patent Litera-
ture 1 requires a time until the DC current becomes constant.
Additionally, since different test signals are used for measur-
ing the resistance and the inductance, a time is required for the
measurement. In addition, unless the frequency of the AC
current which is allowed to flow for obtaining the inductance
is properly set, the detection accuracy of the difference in
phase is degraded, resulting in a large error in a measurement
result.

[0007] The technique disclosed in Patent Literature 2 also
requires a time until the DC current is allowed to flow to
become constant. Additionally, since different test signals are
used for measuring the resistance and the inductance, a time
is required for the measurement. Furthermore, in the case of
measurement of a period of time until the current is changed
to a predetermined value after the sharp change of the voltage
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value, level judgment or time measurement is liable to be
erroneous. Moreover, in the case of amotor whose inductance
value is changed according to the current value, a response
having a predetermined time constant cannot be obtained, and
therefore, an inductance value cannot be correctly calculated.

CITATION LIST

Patent Literature

[0008] PTL 1: Unexamined Japanese Patent. Publication
No. 2000-312498
[0009] PTL 2: Unexamined Japanese Patent Publication
No. 2009-232573

SUMMARY OF THE INVENTION

[0010] A method for calculating a motor constant of a per-
manent magnet type synchronous motor according to the
present invention includes: a voltage applying step of apply-
ing a voltage obtained by compositing a DC component and
an AC component to the motor while varying a frequency of
the AC component; a current detecting step of detecting a
motor current flowing according to the applied voltage; a
phase difference calculating step of calculating a difference in
phase between the AC component of the applied voltage and
an AC component of the motor current; and a motor constant
calculating step of calculating a motor constant of the motor.
In addition, in the motor constant calculating step, the motor
constant is calculated based on the applied voltage and the
motor current when the difference in phase becomes nearly
45 degrees. Moreover, a plurality of different DC components
may be further used in the voltage applying step.

[0011] Additionally, a motor constant calculating device
according to the present invention includes functions of car-
rying out the steps in the method for calculating a motor
constant.

[0012] With the above-described configuration, the motor
constant of the permanent magnet type synchronous motor
can be accurately calculated in a short period of time.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG.1isablock diagram illustrating a configuration
of a first exemplary embodiment according to the present
invention.

[0014] FIG. 2 is aflowchart illustrating a processing flow in
the first exemplary embodiment according to the present
invention.

[0015] FIG. 3 is an equivalent circuit diagram explanatory
of a single phase energization state.

[0016] FIG. 4 is a time waveform chart explanatory of a
difference in phase between a voltage and a current.

[0017] FIG. 5 is a graph illustrating frequency characteris-
tics of a transmission function of a permanent magnet type
synchronous motor.

[0018] FIG. 6 isaflowchart illustrating a processing flow in
a second exemplary embodiment according to the present
invention.

[0019] FIG. 7 is a graph illustrating the relationship
between a motor current and an inductance.

DESCRIPTION OF EMBODIMENTS

[0020] Exemplary embodiments according to the present
invention will be described below with reference to the
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attached drawings. Here, these exemplary embodiments do
not limit the present invention.

First Exemplary Embodiment

[0021] FIG.1isablock diagram illustrating a configuration
example for carrying out a method for calculating a motor
constant in a first exemplary embodiment according to the
present invention. This block diagram illustrates only func-
tional parts required for calculating a motor constant. Spe-
cifically, FIG. 1 illustrates one example in which there are
provided a voltage command generator 11, an inverter 13, a
current detectors 14a and 145, a current detecting unit 15, and
a motor constant calculator 16 in order to calculate the motor
constant of a permanent magnet type synchronous motor
(hereinafter simply referred to as motor) 12 exemplifying a
motor of a permanent magnet type synchronous system.

[0022] Explanation will be made on the function of each of
functional blocks illustrated in FIG. 1 and the relationship
between the functional blocks. First of all, the motor 12
includes a permanent magnet, not illustrated, and a coil wire,
not illustrated, wound around an iron core or the like. When
an AD power is applied to the coil wire from the inverter 13
during a normal operation of the motor, a rotor is rotationally
operated. FIG. 1 illustrates the constitutional example in
which the motor 12 is driven by an AC power of three phases
such as a U phase, a V phase, and a W phase.

[0023] The voltage command generator 11 is adapted to
produce a voltage command to be applied to the motor 12 in
order to calculate a motor constant. The inverter 13 is
designed to receive the voltage command to be output from
the voltage command generator 11 so as to apply a voltage as
commanded to the motor 12. The current detectors 14a and
145 are adapted to detect a motor current flowing in the motor
12 from the inverter 13. The current detecting unit 15 is
designed to convert the motor current detected by the current
detector 144 or 145 into a motor current detection value. The
motor constant calculator 16 is adapted to receive the voltage
command as an output from the voltage command generator
11 and the motor current detection value as an output from the
current detecting unit 15 so as to calculate the motor constant
of the motor 12.

[0024] Next, the operation and function of each of the func-
tional blocks will be described with reference to FIGS. 2 to 5.
FIG. 2 is a flowchart illustrating the processing flow of the
method for calculating a motor constant in the first exemplary
embodiment according to the present invention.

[0025] Upon the start of motor constant calculating pro-
cessing, first, the inverter 13 applies a DC voltage to the motor
12, thereby pulling in the rotator. Since the rotor includes a
magnet in the permanent magnet type synchronous motor, the
rotor may be rotated with the application of a voltage. In the
present exemplary embodiment, a motor constant is calcu-
lated in the state in which the rotor is stationary, so that the DC
voltage is first applied by the inverter 13, thus pulling in the
rotor to a predetermined position (step S101). For example,
DC voltage Va is applied to a U phase, and further, DC voltage
—-Va/2 is applied to a V phase and a W phase. FIG. 3 illustrates
an equivalent circuit of the motor 12 after the rotor is pulled
in. As illustrated in FIG. 3, coil wires in the U phase, the V
phase, and the W phase in the motor 12 have the interrela-
tionship of aY connection. Since the rotor is not rotated, each
of'the coil wires consists of a phase resistance R and a phase
inductance L. This signifies application of a voltage of a
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single phase to between the phase U and the phases V and W.
At this time, a current axis (i.e., a d axis) and a magnetic pole
axis accord with each other.

[0026] Next, the voltage command generator 11 generates a
voltage command to be applied to the motor 12 in order to
calculate a motor constant. Specifically, as expressed by
Equation 1 below, DC component VO and AC component
Vn(t) are composited with each other, thus producing a volt-
age command Vs(t) obtained by adding both of the compo-
nents (step S102). A sinusoidal signal is used as AC compo-
nent Vn(t).

Equation 1

VS(@6)=V0-Vu(i) 5

[0027] Subsequently, a voltage of a single phase is applied
to between U and V W based on the voltage command Vs(t)
generated by the voltage command generator 11 in the same
manner as during the pulling-in processing. For example,
voltage Vs(t) is applied to the U phase, and further, voltage
-Vs(t)/2 is applied to the V phase and the W phase, as apply-
ing an applied voltage (step S103). In this manner, a current
flowing in response to the voltage command Vs(t) eventually
flows in the same d axis as the magnetic pole axis, so that no
torque for rotating the rotor is generated. In other words, data
can be measured for calculating a motor constant in the state
in which the rotor is stationary.

[0028] The current detectors 14a and 145 and the current
detecting unit 15 detect a motor current Is(t) flowing at the
time of the application of the voltage in step S103.

[0029] Subsequently, the applied voltage Vs(t) as the volt-
age command and the motor current Is(t) as a response at that
time are measured (step S104). The motor current Is(t) is a
motor current with respect to the single phase voltage appli-
cation, and therefore, a U phase current is measured.

[0030] Next, a difference in phase between the AC compo-
nent of the applied voltage Vs(t) and an AC component of the
motor current Is(t) is calculated (step S105). For example,
each of the applied voltage Vs(t) and the motor current Is(t) is
allowed to pass a band-pass filter having a frequency of the
AC component Vn(t) as a center frequency, so as to extract an
AC component, thus calculating the difference in phase based
on a time difference in zero cross timing. This will be
described with reference to FIG. 4. FIG. 4 illustrates time axis
data on the extracted AC components of the applied voltage
Vs(t) and the motor current Is(t), thus acquiring a time differ-
ence T2 between the zero cross timings of AC components of
the applied voltage Vs(t) and the motor current Is(t). From the
time difference T2 and a cycle T1 of the AC component, a
difference 0 ,in phase can be calculated according to Equa-
tion 2, as follows:

(Equation 1)

Equation 2

6,1~360x(T2/T1) 5

[0031] Subsequently, it is determined whether or not the
difference 0 ;i phase is 45 degrees (step S106). Unless the
difference 6 ; sin phase is 45 degrees, the frequency of the AC
component Vn(t) of the voltage command Vs(t) is changed
(step S107), and then, the processing after step S102 is
repeated. For example for varying the frequency, the fre-
quency is gradually decreased from a high frequency, and
then, is changed. As described later, the difference in phase is
uniquely determined because it has monotonically increasing
characteristics with respect to the frequency. In contrast, if the

(Equation 2)
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difference 0., in phase is 45 degrees, the relationship
between the applied voltage Vs(t) and the motor current Is(t)
at that time is calculated (step S108). Specifically, an ampli-
tude ratio 1Is(t)/Vs(t)| representing the value of the current
Is(t) with respect to the applied voltage Vs(t) is calculated.
[0032] Finally, a motor constant is calculated with using the
amplitude ratio which is representing the relationship
between the applied voltage Vs(t) and the motor current Is(t)
(step S109).

[0033] Here, explanation will be made on calculation of a
motor constant based on the applied voltage and the motor
current when the difference in phase becomes 45 degrees.
[0034] When the voltage Vs(t) is applied, an equivalent
circuit of a coil wire of the motor 12 is as illustrated in FIG. 3,
and therefore, a transmission function is expressed by the
following Equation 3.

Equation 3
Is (1/R) (Equation 3)
Vs (L/Rs+1

[0035] This expresses primary delay characteristics in

which a cut-off frequency becomes R/ and a DC gain
becomes 1/R. FIG. 5 illustrates frequency characteristics of
the transmission function expressed by Equation 3. In FIG. 5,
an upper graph illustrates gain characteristics with respect to
the frequency whereas a lower graph illustrates phase char-
acteristics with respect to the frequency. As illustrated in FIG.
5, the phase characteristics have monotonically decreasing
characteristics with respect to the frequency. Moreover, the
cut-oft frequency is obtained when the difference in phase
becomes 45 degrees, and therefore, R/L. can be obtained from
the frequency having a difference in phase of 45 degrees
obtained in step S106. Moreover, a gain at the cut-off fre-
quency having the primary delay characteristics is lower by
about 3 dB than the DC gain. The vertical axis of the gain
characteristics in FIG. 5 is equivalent to the amplitude ratio,
and therefore, a DC gain 1/R is obtained by adding 3 dB to a
value of the amplitude ratio obtained in step S108. An electric
time constant L/R, a resistance R, and an inductance L are
calculated based on resultant R/L and 1/R. At this time, induc-
tance to be measured becomes a d axis inductance.

[0036] Incidentally, although the motor constant is calcu-
lated by the use of the values of the voltage command and the
motor current when the difference in phase becomes 45
degrees in the present exemplary embodiment, values of a
voltage command and a motor current when the difference in
phase becomes nearly 45 degrees may be used.

[0037] Specifically, as illustrated in FIG. 5, a change in
phase is the sharpest at a point where the difference in phase
becomes 45 degrees. Consequently, the frequency obtained in
step S106 is not largely changed in the vicinity of 45 degrees,
and therefore, satisfactory calculation accuracy can be
achieved.

[0038] As described above, the method for calculating a
motor constant in the present exemplary embodiment
includes: the step of applying the applied voltage obtained by
combining the DC component and the AC component to the
permanent magnet type synchronous motor while varying the
frequency of the AC component; the step of detecting the
motor current flowing according to the applied voltage; the
step of calculating the difference in phase between the AC
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component of the applied voltage and the AC component of
the motor current; and the step of calculating the motor con-
stant of the permanent magnet type synchronous motor based
on the applied voltage and the motor current when the differ-
ence in phase becomes substantially 45 degrees.

[0039] The present method for calculating a motor constant
is such configured as described above. As a consequence, the
voltage obtained by compositing the DC component and the
AC component having the changed frequency is applied, and
then, the motor current at that time is just detected, thus
calculating the motor constant. As a consequence, time can be
remarkably shortened in comparison with the conventional
technique for waiting until the motor current becomes con-
stant or applying a plurality of test signals. Moreover, since
the motor constant is calculated with the AC components of
the applied voltage and the motor current, the motor constant
can be accurately calculated without any influence by a noise.
Additionally, as illustrated in FIG. 5, since the change in
phase is the sharpest at the point where the difference in phase
is 45 degrees, it is possible to specify the frequency with high
accuracy, resulting in calculating the motor constant with
high accuracy. In addition, since the motor constant can be
calculated by the use of only the data on the voltage amplitude
and the current amplitude and the frequency at the point
where the difference in phase between the applied voltage and
the motor current becomes 45 degrees, a data storage capacity
can be reduced.

Second Exemplary Embodiment

[0040] Insome motors, an inductance value depends upon
a value of a motor current by an influence of magnetic satu-
ration or the like. Only one value can be calculated by the
calculating method described in the first exemplary embodi-
ment with respect to such motors, and therefore, the accurate
inductance value cannot be calculated.

[0041] Inthe present exemplary embodiment, a plurality of
different DC components is used in the step of applying a
voltage to a permanent magnet type synchronous motor, so
that an inductance value according to a motor current is
accurately calculated. Specifically, the frequency of an AC
component in an applied voltage is varied, and further, a
voltage of a DC component also is varied in calculating a
motor constant in the present exemplary embodiment.

[0042] The operation and function of a method for calcu-
lating a motor constant in the present exemplary embodiment
will be described below with reference FIGS. 6 and 7. Here,
the configuration of the second exemplary embodiment is the
same as that of the first exemplary embodiment, and there-
fore, their explanation will be omitted below.

[0043] FIG. 6 is aflowchart illustrating a processing flow in
the second exemplary embodiment according to the present
invention. In FIG. 6, the same processing as that described
with reference to FIG. 2 is performed in steps S101 to S109.
Here, in step S202, the voltage of the DC component VO is
changed per processing loop, that is, the voltage of the DC
component also is varied, as described above. Moreover, in
FIG. 6, step S207 is added to the processing described in the
first exemplary embodiment with respect to FIG. 2.

[0044] Instep S207, it is first confirmed whether or not all
of a plurality of DC components are set in generating the
voltage command Vs(t) in step S202. If there are DC compo-
nents VO that have not yet been set, one out of not-set values
is selected, and then, the processing returns to step S202. In
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contrast, if all of the plurality of DC components are set,
motor constant calculation comes to an end.

[0045] The plurality of DC components VO is set, thus
obtaining a plurality of relationships between the averages of
detected motor currents and the calculated inductance values.
The relationship illustrated in FIG. 7 is obtained with the
resultant relationships, so that the inductance value according
to the motor current can be calculated.

[0046] Incidentally, although the method for calculating a
motor constant of the permanent magnet type synchronous
motor is described in the first and second exemplary embodi-
ments, any configurations and embodying means may be
adopted as long as similar functions can be fulfilled. For
example, the functional blocks other than a motor 12 in the
block diagram of FIG. 1 may be incorporated as one function
of a controller for a motor, and then, may be allowed to
function by setting. Alternatively, a voltage command gen-
erator 11 and a motor constant calculator 16 may be config-
ured as PC application software that is associated with a
controller for a motor.

[0047] Moreover, although the applied voltage in the pull-
ing-in processing (step S101) is set to Va, any different values
may be used as long as it is pulled in.

[0048] Additionally, the motor constant is calculated with
the applied voltage value and the motor current value when
the difference in phase becomes 45 degrees. As illustrated in
FIG. 5, the change in phase is the sharpest at the point where
the difference in phase becomes 45 degrees. Therefore, since
the frequency obtained in step S106 is not largely changed in
the vicinity of 45 degrees, an applied voltage value and a
motor current value nearly 45 degrees of the difference in
phase may be used.

[0049] Inaddition, in the case where an element other than
the motor such as filtering or a delay element is incorporated
in the relationship of a response from the applied voltage
Vs(t) to the motor current Is(t), the motor constant may be
calculated with compensating the influence of such elements.
As a consequence, a calculation result can be obtained with
higher accuracy.

[0050] Furthermore, the rotor of the motor may be fixed
after the puling-in processing (step S101), and then, voltage
Vs(t) may be applied in step S103 in a direction in which
electric phases are different with respect to a magnetic pole
position after the puling-in processing, thereby detecting a
motor current flowing in the direction. For example, O volt,
Vs(t), and —Vs may be applied to the U phase, the V phase,
and the W phase, respectively, such that a single phase voltage
is applied to between axes (i.e., q axes) different in electric
phase at 90° with respect to a magnetic pole position after the
puling-in processing, that is, between V and W, so as to detect
a'V phase current in the direction. In this manner, in a perma-
nent magnet type synchronous motor in which a motor con-
stant depends upon a magnetic pole position, for example, a
permanent magnet type synchronous motor of an embedded
magnet type, the voltage Vs(t) is applied to any electric phases
in step S103, so that the motor constant according to the
magnetic pole position can be calculated with high accuracy.
In particular, the voltage command Vs(t) is applied to the q
axis so as to calculate the motor constant, thus calculating a q
axis inductance.

[0051] Moreover, although the d axis inductance is
obtained in the first and second exemplary embodiments, the
calculated d axis inductance may be adopted as the q axis
inductance in the case of the permanent magnet type synchro-
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nous motor in which the inductance value does not depend
upon the magnetic pole position. As a consequence, the q axis
inductance can be calculated without fixing the rotator.
[0052] As described above, the method for calculating a
motor constant of the permanent magnet type synchronous
motor according to the present invention includes: the voltage
applying step of applying the voltage obtained by composit-
ing the DC component and the AC component to the perma-
nent magnet type synchronous motor with varying the fre-
quency of the AC component; the current detecting step of
detecting the motor current flowing according to the applied
voltage; the phase difference calculating step of calculating
the difference in phase between the AC component of the
applied voltage and the AC component of the motor current;
and the motor constant calculating step of calculating the
motor constant of the permanent magnet type synchronous
motor. And, in the motor constant calculating step, the motor
constant is calculated based on the applied voltage and the
motor current when the difference in phase becomes nearly
45 degrees. Moreover, the plurality of different DC compo-
nents may be further used in the voltage applying step.
[0053] Additionally, the motor constant calculating device
according to the present invention includes the functions of
carrying out the steps in the method for calculating a motor
constant.

[0054] The method for calculating a motor constant and the
motor constant calculating device according to the present
invention include the above-described steps, and conse-
quently, the motor constant of the permanent magnet type
synchronous motor can be accurately calculated in a short
period of time.

INDUSTRIAL APPLICABILITY

[0055] The present invention enables the motor constant of
the permanent magnet type synchronous motor to be accu-
rately calculated in a short period of time, and therefore, is
generally applicable to a controller for a permanent magnet
type synchronous motor requiring the motor constant.

1. A method for calculating a motor constant of a perma-
nent magnet type synchronous motor, the method compris-
ing:

a voltage applying step of applying a voltage obtained by
compositing a DC component and an AC component to
the motor while varying a frequency of the AC compo-
nent;

a current detecting step of detecting a motor current flow-
ing according to the applied voltage;

a phase difference calculating step of calculating a differ-
ence in phase between the AC component of the applied
voltage and an AC component of the motor current; and

a motor constant calculating step of calculating a motor
constant of the permanent magnet type synchronous
motor,

wherein the motor constant is calculated based on the
applied voltage and the motor current when the differ-
ence in phase becomes nearly 45 degrees in the motor
constant calculating step.

2. The method for calculating a motor constant of a per-
manent magnet type synchronous motor according to claim 1,
wherein the voltage applying step comprises applying the
applied voltage to the permanent magnet type synchronous
motor while further varying a voltage of the DC component.

3. The method for calculating a motor constant of a per-
manent magnet type synchronous motor according to claim 1,
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wherein the motor constant calculating step includes calcu-
lating at least one of an electric time constant, a resistance
value, and an inductance value as the motor constant of the
permanent magnet type synchronous motor.

4. A motor constant calculating device comprising func-
tions of carrying out the steps in the method for calculating a
motor constant of the permanent magnet type synchronous
motor according to claim 1.

5. The method for calculating a motor constant of a per-
manent magnet type synchronous motor according to claim 2,
wherein the motor constant calculating step includes calcu-
lating at least one of an electric time constant, a resistance
value, and an inductance value as the motor constant of the
permanent magnet type synchronous motor.

6. A motor constant calculating device comprising func-
tions of, carrying out the steps in the method for calculating a
motor constant of the permanent magnet type synchronous
motor according to claim 2.

7. A motor constant calculating device comprising func-
tions of carrying out the steps in the method for calculating a
motor constant of the permanent magnet type synchronous
motor according to claim 3.

8. A motor constant calculating device comprising func-
tions of carrying out the steps in the method for calculating a
motor constant of the permanent magnet type synchronous
motor according to claim 4.

#* #* #* #* #*
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