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(57) ABSTRACT

A method and an arrangement are disclosed for identifying
one or more parameters of an induction machine when the
induction machine is connected to the output phases of a
voltage source inverter and the induction machine is in stand-
still state. The method can include a first phase for magnetiz-
ing the machine by providing a first DC magnetization current
until the induction machine reaches steady state, the current
reference of the inverter having a first value (i,,_,.q). A first
maximum value (i,,. ... of the stator current (i,,) is mea-
sured during a zero voltage vector. In a second phase, the
machine is magnetized by providing a second DC magneti-
zation current, the current reference having a second value
(isc_oz») Which is higher than the first reference (i, ,.»)- A
second maximum value of (i, ,..) the stator current is
measured during a zero voltage vector, and a parameter of the
induction machine is estimated when the measured first and
second maximum values are equal.
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ESTIMATION OF PARAMETERS OF AN
INDUCTION MACHINE

RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to European Patent Application No. 09164540.8 filed in
Europe on Jul. 3, 2009, the entire content of which is hereby
incorporated by reference in its entirety.

FIELD

[0002] The present disclosure relates to a method and an
arrangement for identifying motor parameters, such as
parameters of an induction motor.

BACKGROUND INFORMATION

[0003] When a frequency converter or similar device is
used for controlling the motion of a motor, it is desirable to
know the motor parameters. The machine parameters can be
used in control algorithms of the converter for accurate con-
trol of the load. The parameters of the machine can be iden-
tified using an identification procedure during the commis-
sioning of the drive. In this identification run, the converter
can perform one or more tests on the machine and can esti-
mate the parameters to be used for control.

[0004] In some situations, the load connected to the
machine can produce some restrictions to the drive so that
identification procedure cannot be carried out. The load con-
nected to the controlled motor can produce counter torque
which disturbs the identification run to the extent that identi-
fication procedure does not provide accurate results enabling
precise control of the motor. It might also happen that the
identification run cannot be performed with the load atall due
to maximum speed and/or maximum torque limits set for the
load. In these situations, the identification run can involve the
controlled machine being completely taken off from the load.
This can be cumbersome and sometimes even impossible if
the machine to be controlled is an integral part of the mechan-
ics of the load.

[0005] For these purposes, frequency converters may have
an option for a stand-still identification procedure in which
the rotor of the machine is not rotated. However, the stand-
still procedures identify only some of the parameters of the
motor while other parameters are calculated using rated val-
ues of the machine.

[0006] FIG.1 shows an [.-equivalent circuit of an induction
machine. The stator resistance R ; of the equivalent circuit can
be quite easily identified using DC-magnetization current
(i.e., stator current i,) produced with a constant stator voltage
L,. Rotor resistance Rz and stray inductance ol can be iden-
tified using a DC-current with summed pulsed current or with
some other injected current.

[0007] In known stand-still identification methods, the
measurement of main inductance L, and the rotor time con-
stant T, (=L,/Rz) depending thereon can be very tricky
because the machine cannot be rotated. This is due to the fact
that in stand-still methods, the stator current pulses used are
almost entirely summed with opposing phases to the rotor
current. As such, corresponding changes in the magnetizing
current i, are relatively small and thus the response from the
main inductance to the test pulses is poor.

[0008] The known stand-still methods cannot reach satis-
fying estimates for the main inductance and rotor time con-
stant and these parameters have been approximated from a
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slip frequency and a power factor calculated from the rated
values of the machine or from a cos € value given as rated
value. However, the rated values are not necessarily exact so
that the values obtained for main inductance and rotor time
constant with the known stand-still identification methods are
inaccurate which is reflected as poorer performance of the
control when compared with that with parameters obtained
with identification runs performed with rotating machines.
[0009] The accuracy ofthe voltage measurement should be
increased considerably so that sufficiently accurate estimates
for the main inductance L, or rotor time constant T, could be
calculated in stand-still methods. The increase in voltage
accuracy is hard to achieve because, due to reduced costs, the
output voltage in frequency converters has been calculated
using a measured DC bus voltage and output switch combi-
nation. In this kind of measurement, the commutation delays
and threshold voltages cause inaccuracies to the voltage mea-
surement. These inaccuracies can be quite considerable when
compared with the voltage response from the main induc-
tance in the injection frequency.

[0010] The rotor flux can be estimated during DC magne-
tization using a voltage model represented as:

g (¢9)]
Yr() = | (sg — Riisa)dt — oLisy
10

when the magnetization of the machine, which is initially free
from magnetization, is started at time instant t,. During the
magnetization, the magnetizing current increases as the rotor
current decreases when the stator current is kept constant. As
seen for example from FIG. 1, the stator current equals the
difference between the magnetizing current and the rotor
current.

[0011] The rotor flux increases with the increasing magne-
tizing current according to:

WR(O=Ladm(®) @

[0012] Ifthe DC magnetization is stopped at time instant t, ,
the main inductance can be calculated as a quotient between
the rotor flux estimate W5 (t,) calculated with equation (1)
and the magnetizing current:

_ drn) @
(i)

[0013] The value of the magnetizing current i,,(t,) at time
instant t, in equation (3) is uncertain. In known methods, the
magnetizing current is attempted to be calculated from the
current and/or voltage responses during the magnetization,
when other parameters of the machine are known or when the
other parameters are estimated from the mentioned responses
together with the main inductance L,,. Due to eddy currents
formed in the machine during transients and skin effect in the
rotor windings, which the simple L-equivalent circuit does
not take into account, the above methods are inaccurate. Fur-
ther inaccuracies can be caused by saturation of inductances,
which should be taken into account when estimating the value
of' magnetizing current from the current and/or voltage wave-
forms during the DC magnetization.

[0014] Modeling of the machine in the transient state could
alternately use a magnetizing time that is so long that the
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machine is in a steady state before stopping the magnetization
attime instant t,. In the steady state, the value of magnetizing
current corresponds to that of the stator current so that the
main inductance L, could be estimated as a quotient between
the rotor flux estimate and the DC current reference used in
magnetization; that is:

YR )
M
tdc_ref

[0015] However, in equation (4); the magnetization time
t,-1, should be at least four times the rotor time constant so
that the DC current reference would correspond closely
enough to the magnetization current at time instant t,. When
such a long magnetizing time is used, cumulative errors of the
voltage model can decrease the accuracy of the rotor flux
estimate Wi(t;) especially in connection with larger
machines, which have a large rotor time constant. With
smaller machines, the steady state can be achieved faster, but
because of their larger stator resistance, the inaccuracy of the
voltage model is higher. In summary, methods based on volt-
age model (1) and steady state equation (4) do not produce
accurate estimates on machine parameters.

SUMMARY

[0016] A method ofidentifying a parameter of an induction
machine is disclosed when the induction machine is con-
nected to output phases of a voltage source inverter and the
induction machine is in standstill state. The method includes:
a first phase which includes magnetizing the induction
machine by providing a first DC magnetization current (i,,,) to
the induction machine via the inverter until the induction
machine reaches steady state, a current reference of the
inverter having a first value (i, .4 ) controlling power semi-
conductors of the inverter to an off-state for a predetermined
period of time (At), controlling all output phases of the
inverter to a same potential for providing a zero voltage
vector, and measuring a first maximum value (i, ,...) of a
stator current (i,,) during the zero voltage vector. In a second
phase, magnetizing the induction machine by providing a
second DC magnetization current to the induction machine
for a magnetization time period (t,-t,) via the inverter, the
current reference having a second value (i, ,.p) which is
higher than the first value of the current reference (i, .5 )s
controlling the power semiconductors of the inverter to an
off-state for the predetermined period of time (At), control-
ling all the output phases of the inverter to a same potential for
providing a zero voltage vector, measuring a second maxi-
mum value (i,; ,..) of the stator current during the zero
voltage vector, estimating a parameter of the induction
machine when the measured first and second maximum val-
ues of the stator current (i,,, v, isaz max) ar€ €qual, and
repeating the second phase with different magnetization of
the induction machine when the first and second measured
maximum values of the stator current are not equal.

[0017] An arrangement for identifying parameters of an
induction machine is also disclosed when the induction
machine is connected to the output phases of a voltage source
inverter and the induction machine is in standstill state. The
arrangement includes means for controlling an induction
machine during a first control phase by providing a first DC
magnetization current (i,) to magnetize the induction
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machine via an inverter until the induction machine reaches
steady state, a current reference of the inverter having a first
value (i _,.n ), and for controlling power semiconductors of
the inverter to an off-state for a predetermined period of time
(At), and for controlling all output phases of the inverter to a
same potential for providing a zero voltage vector, and means
for measuring a first maximum value (i, ) of a stator
current (i ;) during the zero voltage vector, the means for
controlling then magnetizing the machine during a second
control phase by providing a second DC magnetization cur-
rent to the induction machine for a magnetization time period
(t,—-t,) via the inverter, the current reference having a second
value (i, ,.p) which is higher than the first reference (i,
+en )> the means for measuring also measuring a second maxi-
mum value (i, ,...) of the stator current during a zero volt-
age vector of the second control phase; and, means for
estimating a parameter of the induction machine when the
measured first and second maximum values of the stator

current (i i ) are equal.

mz_max> ‘sdz_max.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the following, the disclosure will be described in
greater detail by reference to exemplary embodiments and the
accompanying drawings, in which:

[0019] FIG. 1 shows an exemplary equivalent circuit of an
induction machine; and

[0020] FIGS. 2, 3 and 4 show examples of flux and current
waveforms in accordance with exemplary embodiments of
the present disclosure.

DETAILED DESCRIPTION

[0021] A method and an arrangement are disclosed for
implementing the method which can provide indirect mea-
surement of decaying counter voltage of an induction
machine. With exemplary embodiments disclosed herein, the
parameters involved in control of an induction machine can
be identified without rotating the machine.

[0022] In exemplary embodiments of the present disclo-
sure, a short magnetizing timet, —t,, is used and the magnitude
of the magnetizing current at time instant t, is determined in
a reliable way, which does not depend on the other machine
parameters and non-idealities.

[0023] Exemplary embodiments of the disclosure can
eliminate inaccuracies of estimated main inductance and
rotor time constant, and provide a way of directly determining
a main inductance on an induction machine. The rotor time
constant can also be calculated with the same measurements.
An exemplary embodiment of the disclosure can provide a
method for determining the rotor resistance without any fur-
ther measurements.

[0024] Exemplary methods of the disclosure can include
two phases. In a first phase, the machine is magnetized with a
DC current using a frequency converter with a voltage source
inverter or with a similar converter apparatus until a steady
state has been reached. In the steady state, the magnetizing
current i,, has settled to the value of the DC current reference
i4e ren and the rotor flux of the machine is:

lIJR:LMidcire/l (5)
[0025] As illustrated in FIG. 2, after the steady state has
been reached, the magnetization is stopped at time instant t,,,
by passivating the power stage of the frequency converter

(e.g., by controlling the output switches to OFF-state). The
stator current commutates for a short period to the free-
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wheeling diodes, and the current vector decays rapidly to zero
since there is a voltage in the terminals of the machine which
has the value of the DC voltage used and opposing polarity
with respect to stator current as long as the diodes carry the
current. The decaying of the stator current to zero lasts, for
example, approximately 200 to 300 ps (or more or less).
[0026] The decaying flux induces a voltage to the terminals
of the machine. The magnitude of the voltage is:

Usd = ——.

[0027] After a short time period At, the power stage of the
frequency converter is activated at time instant t,,,+At by
switching all the output phases either to the positive or nega-
tive DC voltage of the intermediate voltage circuit and
thereby forming a zero voltage vector. Since the threshold
voltages of the switch components and diodes of the power
stage can be smaller than the induced voltage (6), stator
current starts to flow again when the terminal voltage of the
machine equals the threshold voltage acting over the power
semiconductors. As shown in FIG. 2, the stator current starts
to flow in the direction of the original magnetizing current
with a time constant ol /(R .4+Ry), which is considerably
smaller than the rotor time constant T,=L,/R;. After the
current has risen a while, it reaches its maximum value i,
mas- After the maximum value, the current starts again to fall
since the rotor flux is decaying and forcing the derivative of
the stator current negative.

[0028] During the zero vector, a maximum currenti, ..
is reached at time instant t,,,.. The maximum currenti,,, .. is
proportional to the value of the rotor flux of the machine and
the magnetizing current at the time instant t,,, when the power
stage was passivated. The higher the value of the rotor flux
and the magnetizing current have risen during the DC mag-
netization, the higher will the local maximum of the stator
current be during the zero voltage vector.

[0029] On the other hand it is known that the value of the
magnetizing current at instant t,,; equals the DC current ref-
erence used, since the machine has been in the steady state
prior to the time instant. With the test of FIG. 2, the magnitude
of'the current maximum during the zero vector resulting from
magnetizing current having a set value can be determined
unambiguously, when the zero vector is activated after time
At from the passivating of the pulses.

[0030] This dependence between the magnetizing current
and the current maximum i, .. can be used in the second
phase ofthe method of the disclosure. In the second phase, the
rotor flux of the previous magnetizing test is permitted to
decay to zero. After the rotor flux has decayed to zero, the
magnetization is started again with a higher DC current than
in the first test. The purpose of this magnetization is to elevate
the flux of the machine to the same value (e.g., approximately
the same value) as was present at the end of the previous
magnetization test at time instant t,, ;.

[0031] AsshowninFIG. 3, the DC magnetization is started
at time instant t,. In an exemplary embodiment, the intention
is to choose such a reference value for DC currenti,, _,, ., that,
when used, the magnetization current reaches, after a prede-
termined magnetizing time, the same value as at the end of the
previous test. In other words, at time instant t, the magnetiz-
ing current i,, should equal iy, .-
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[0032] During the DC magnetization, the magnetizing cur-
rent grows according to exponential law depending on the
rotor time constant:

IO~ iy, o M

[0033] The value of the DC current reference can thus be
chosen as:

ide_refl (8)

Idc_ref2 = m 5

so that the magnetizing current would reach value i, ., at
time instant t,.

[0034] The magnetizing time is selected to be as short as
possible, since the rotor flux is estimated during the magne-
tization with the voltage model (1). With a shorter magnetiz-
ing time, better estimation accuracy is reached since the
cumulative errors resulting from the voltage integral can be
kept at minimum. On the other hand, when a shorter magne-
tizing time is used, a higher DC current is involved so that the
magnetizing current would reach the desired level at the end
of the magnetizing time. The maximum current of the fre-
quency converter thus sets the limit for the minimum magne-
tizing time. In practice, the magnetizing time can be selected
to be approximately a time period corresponding to the rotor
time constant. The DC current reference is then:

. idc_ref1 . ©)
lde_ref2 = 7 i:,l ~ 158X ige_rr1

[0035] However, there is no need to know the exact value of
the rotor time constant. In fact, the value of the rotor time
constant is not necessarily needed at all, since according to
the disclosure, such a current reference i, . is searched
iteratively, which produces a magnetizing current having a
value equaling i, ., when the magnetization time ends.

[0036] The magnetizing current is not directly estimated,
but the magnetizing test of FIG. 3 is repeated multiple times
with a varying value of DC magnetizing reference iy, .z
After each magnetizing test at time instant t, the power stage
of the frequency converter is passivated and the current col-
lapses quickly to zero. When the pulses are passivated, the
rotor flux decays according to the rotor time constant. At time
instant t, +At, zero vector is activated similarly as in the end of
the first magnetizing test.

[0037] By comparing the maximum value of current deter-
mined during the zero vector i,;, ,,,, With the corresponding
maximum valuei,,, .. obtained in the first magnetizing test,
it can be determined whether the magnetizing current at
instant t, of passivating the pulses was lower than, higher than

or equal to that in the first magnetizing test.
and i are

[0038] The current maximums i,;, ... mz_max

fully comparable since the passivation time At preceding the
zero vector is kept constant in all magnetization tests. If
i max<mz_max it 1s determined that the magnetization cur-
rent at time instant t, has been too low (i.e., the current
reference i,,. .., should be increased). If, on the other hand,
Liir maxImz_maxs it 15 determined that the magnetization cur-
rent at time instant t, has been too high, and the current
reference i, .. should be lowered. If i 1 the

sdz_max ‘mz_max>
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magnetizing current at time instant t; must have had the same
magnitude as in the first magnetizing test (i.e., the magnitude
of current reference i, .0 )-

[0039] According to exemplary embodiments of the disclo-
sure, the magnetization test of FIG. 3 is repeated by altering
the current reference i, 0, until the maximum value of
current i equals 1 There should be a pause
between the consecutive tests so that the rotor flux from the
previous test has been decayed to zero when the pulses are
passivated. FIG. 4 shows an examplary waveform of d-com-
ponent of current when a suitable current reference iy, . 18
searched.

[0040] FIG. 4 shows 3 different exemplary magnetizing
tests. In each of the tests, a different DC current reference is
used. In the example of FIG. 4, the optimal current reference
has been found in the third test in which the maximum current
during the zero vector has the same magnitude as the current
maximum i, .., measured in the first magnetizing test.
[0041] In each of the magnetizing tests in FIG. 4, the rotor
flux can be estimated during the DC magnetization using the
voltage model (1). A voltage integral is initially set to zero at
time instant t, and integration is carried out until time instant
t, where the magnetization is ended. Thus, the result of an
estimation of rotor flux is the value of integration at time
instant t,. When the current reference i, . producing cur-
rent maximum having value of i, .. has been found, both
the rotor flux and magnetizing current at the end of the DC
magnetization are known. The former can be calculated using
voltage model (1), whereas the latter does not have to be
calculated separately since its value is determined to be the
equal to the current reference i, ., used in the first magne-
tization test as i equaled i

[0042]
now be calculated as a quotient between estimated rotor flux
Yx(t,) and DC current reference used in the first magnetiza-
tioni,, ,.q according to equation (3):

sdz_max mz_max’

sdz_max mz_max®

The main inductance of the induction machine can

_ Yr() (10)
L = ide_ref1

[0043] If the current controller of the frequency converter
produces errors to the actual current, a measured current
during the magnetization can be used in the equation instead
of the reference value iy, ...

[0044] In some cases, the remanence flux of the machine
may make the rotor flux estimate in equation (10) less accu-
rate. However, the effect of remanence flux can be compen-
sated by turning the direction of magnetization (and of d-axis)
prior to each magnetization in the test sequence in which the
current reference i, ., is searched as in the FIG. 4.

[0045] The estimate provided by equation (10) is not com-
pletely independent of the other parameters of the machine.
According to exemplary embodiments, when the rotor flux is
estimated using voltage model (1), the magnitudes of stator
resistance and stray inductance have to be known. The stray
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inductance does not have to be known if instead of the rotor
flux the stator flux of the machine is estimated:

elt) = f (et = Rl (R

0

[0046] The stator flux is equal to the rotor flux when, after
the passivating of the pulses, the stator current, and also the
stray flux, have decayed to zero. Thus, the stator and rotor
fluxes have equal magnitude and the rotor flux can be esti-
mated by stopping the integration of stator flux (11) after the
current has dropped to zero. The decaying of the rotor flux
during the falling edge of the current can be considered to be
insignificant.

[0047] Inthe above magnetization tests, the passive time of
the pulses At can be selected quite freely. The shorter the
passive time is, the higher values the maximum currents i,
maxand i, ™" reach. This can have a positive effect on the
signal to noise ratio and estimation accuracy. The passive
time At can be so short that the current does not fall to zero. It
is to be noted that a local current maximum may not be
reached if the passive time is very short. Further, with the
short values of At, the effect of iron losses to the current
maximum during the zero vector can be considerable and also
different in current maximums i, .. and i This is
due to different derivatives of currents during the falling edge
prior to the maximum current points. For this reason At
should be long enough so that the effect of iron losses is
decayed. In practice, a suitable value for At is approximately
from 4 to 10 ms (or more or less).

[0048] According to an exemplary embodiment of the dis-
closure, the current reference i, ,.,» is kept constant in the
second phase of the method. Instead of the current reference,
the magnetization time t,—t, is varied. The purpose of the
variation of the magnetization time is to find a magnetization
time which makes the current maximum i, ;. ., to be equal
to current maximumi,,. ... ofthe first magnetization test. If
Litr max<d the magnetization time should be made
longer, and vice versa. When the optimum magnetization
time has been found, making i, .. to equal i, .. the
estimate for the main inductance L, can be calculated with
equation (10).

[0049] When the above procedure has been carried out so
that the main inductance can be estimated, the same values
can also be used in estimating the rotor time constant. The
rotor time constant can be calculated based on the current
references i, ,.p» and iy, ., on the magnetizing time t, -t,
used.

[0050] According to an exemplary embodiment of the dis-
closure, the rotor time constant T, is calculated according to
equation (8) giving:

mz_max*

mz_maxs

n-1 (12)

T, — .
! ‘{ idc_ref2 ]
idc_ref2 = ldc_refl
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[0051] Further from the estimates of main inductance (10)
and rotor time constant (12), rotor resistance can be calcu-
lated as:

Ly (13)

[0052] An exemplary method of the disclosure can be per-
formed using a frequency converter having, for example, a
processing unit (e.g., a computer processor) executing suit-
able software recorded on a computer-readable storage
medium (e.g., a ROM, a hard disk drive, or other non-volatile
storage media) for carrying out any of the method steps by
controlling the output switches of the frequency converter
(i.e., an inverter part of the frequency converter). The inverter
can thus be controlled at the beginning of the method to
magnetize the machine with a predetermined DC current.
When the machine is considered to be in the steady state (i.e.,
the magnetizing current corresponds to the current refer-
ence), the modulation of the inverter is stopped. According to
an exemplary embodiment, the above-described frequency
converter is an example of means for implementing steps of
the exemplary methods described herein.

[0053] When a predetermined time has elapsed, the output
switches of the inverter can be controlled to form a zero vector
(i.e., the output phases of the inverter can be controlled either
to positive or to negative voltage of the intermediate voltage
circuit). During the zero vector, the stator current starts to
flow and the maximum value of the current is measured and
stored in a memory, which is writable and readable by the
frequency converter. After the rotor flux and stator current
have decayed to zero, the second phase of the method is
started.

[0054] In the second phase of the method, the inverter can
be controlled similarly as in the first phase. In this case, a
reference value for the current is given to the frequency con-
verter or inverter, which has a higher value than in the previ-
ous magnetization. Current according to this second refer-
ence is fed to the machine, and the rotor flux of the machine
starts to rise. After the magnetization has been on for a while,
the inverter is again passivated, for example by taking control
pulses away from the modulator that controls the switches.
The inverter can be passivated for a period which has the same
length as in the first test.

[0055] After the mentioned time has elapsed, a zero vector
is taken into use, and again the maximum value of the stator
current during the zero vector is measured. The maximum
values of the stator current in the second and first magnetiza-
tion are then compared in the frequency converter, and if the
maximum values are equal, then the desired parameter or
parameters are estimated. If the currents are not equal, then
the inverter repeats the second phase with a different magne-
tization of the machine. The second phase can be repeated
until the maximum values of the currents are equal.

[0056] Frequency converters can include a vast amount of
calculation capacity (e.g., a controller and/or computer) and
suitable memory for carrying out exemplary methods of the
disclosure. When the parameter or parameters are estimated,
each estimated value can be stored directly in the memory of
the frequency converter so that the estimations can be used by
a controller to control the machine.

[0057] It will be appreciated by those skilled in the art that
the present invention can be embodied in other specific forms
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without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restricted.
The scope of the invention is indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereof are intended to be embraced therein.

What is claimed is:
1. A method of identifying a parameter of an induction
machine when the induction machine is connected to output
phases of a voltage source inverter and the induction machine
is in standstill state, the method comprising:
a first phase which includes:
magnetizing the induction machine by providing a first
DC magnetization current (i,,) to the induction
machine via the inverter until the induction machine
reaches steady state, a current reference of the inverter
having a first value (i,. .0 ),
controlling power semiconductors of the inverter to an
off-state for a predetermined period of time (At),
controlling all output phases of the inverter to a same
potential for providing a zero voltage vector, and
measuring a first maximum value (i,,, ,,.,.) of a stator
current (i,,;) during the zero voltage vector; and
in a second phase:
magnetizing the induction machine by providing a sec-
ond DC magnetization current to the induction
machine for a magnetization time period (t,—-t,) via
the inverter, the current reference having a second
value (i, ,.p») which is higher than the first value of
the current reference (i, ,.q),
controlling the power semiconductors of the inverter to
an off-state for the predetermined period of time (At),
controlling all the output phases of the inverter to a same
potential for providing a zero voltage vector,
measuring a second maximum value (i, ,...) of the
stator current during the zero voltage vector,
estimating a parameter of the induction machine when
the measured first and second maximum values of the
stator current (i 1.z max) are equal, and
repeating the second phase with different magnetization
of the induction machine when the first and second
measured maximum values of the stator current are
not equal.
2. A method according to claim 1, wherein the identified
parameter is a main inductance of the induction machine, and
wherein the second phase comprises:
estimating rotor flux (Wg(t,)) of the induction machine
produced during the magnetization time period, and

estimating the main inductance of the machine from an
estimated rotor flux of the machine and from the first DC
magnetization current

3. A method according to claim 2, wherein the estimating
of the main inductance comprises:

using the first value of the current reference of the inverter

(@ cheﬂ) as the first DC magnetization current.
4. A method according to claim 2, comprising:
estimating the main inductance as a quotient between esti-
mated rotor flux (W,(t,)) and the first value of the current
reference used in the first magnetization (i, . )-

mz__max®
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5. A method according to claim 2, wherein the estimating
of the rotor flux comprises:

estimating stator flux of the induction machine produced

during the magnetization time period until the stator
current has dropped to zero; and

using the estimated stator flux as the rotor flux.

6. A method according to claim 1, wherein the identified
parameter is the rotor time constant (t,) of the induction
machine, and wherein the method comprises:

calculating the rotor time constant from the magnetization

time period (t,-t,) and from the first and second values
of the current references used in the first phase (i, 1)
and in the second phase (i ,.z)-

7. A method according to claim 6, comprising:

calculating the rotor time constant as:

-1l

! ‘{ i dc_ref2 ] ’
ide_ref2 = lde_ref1

8. A method according to claim 1, comprising:

when the measured first and second maximum values of the
stator current are not equal, changing the magnetization
ofinduction machine by changing the second value (i,
+ep2) Of the current reference.

9. A method according to claim 1, comprising:

when the measured first and second maximum values of the
stator current are not equal, changing the magnetization
of'the induction machine by changing the magnetization
time period (t,-1,).
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10. An arrangement for identifying parameters of an induc-
tion machine when the induction machine is connected to the
output phases of a voltage source inverter and the induction
machine is in standstill state, wherein the arrangement com-
prises:

means for controlling an induction machine during a first

control phase by providing a first DC magnetization
current (i,,) to magnetize the induction machine via an
inverter until the induction machine reaches steady state,
a current reference of the inverter having a first value
(ize_sen ), and for controlling power semiconductors of
the inverter to an off-state for a predetermined period of
time (At), and for controlling all output phases of the
inverter to a same potential for providing a zero voltage
vector; and

means for measuring a first maximum value (i, ,,..) of

stator current (i ;) during the zero voltage vector, the
means for controlling then magnetizing the machine
during a second control phase by providing a second DC
magnetization current to the induction machine for a
magnetization time period (t,-t,) via the inverter, the
current reference having a second value (i, ) which
is higher than the first reference (i, .4 ), the means for
measuring also measuring a second maximum value
(isar_max) of the stator current during a zero voltage
vector of the second control phase; and,

means for estimating a parameter of the induction machine

when the measured first and second maximum values of
the stator current (1,,.. e lsdz max)-

11. An arrangement of claim 10, in combination with an
induction machine.



