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(57) ABSTRACT

Provided is a method for determining the rotational position
of a rotor in a permanent magnet synchronous machine,
wherein the stator includes windings for a first, second and
third phase, including the steps: applying a first voltage
pulse to the first phase, determining respective first measures
for the current induced by the first voltage pulse in the
second and third phase, selecting a first selected phase
depending on the first measures for the current, wherein the
first selected phase is either the second or the third phase,
applying a second voltage pulse to the first selected phase,
determining respective second measures for the current
induced by the second voltage pulse in the phases of the
stator that are not the first selected phase, and determining
the rotational position of the rotor depending on the second
measures of the current.
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METHOD FOR DETERMINING THE
ROTATIONAL POSITION OF A ROTOR IN A
PERMANENT MAGNET SYNCHRONOUS
MACHINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to European Appli-
cation No. 18211866.1, having a filing date of Dec. 12,
2018, the entire contents of which are hereby incorporated
by reference.

FIELD OF TECHNOLOGY

[0002] The following relates to a method for determining
the rotational position of a rotor in a permanent magnet
synchronous machine, wherein the stator comprises wind-
ings for a first, second and third phase. Additionally, the
following relates to a control unit of a permanent magnet
synchronous machine, a computer program and a computer-
readable storage medium.

BACKGROUND

[0003] For controlling a permanent magnet synchronous
machine, it is typically necessary to at least approximately
determine a rotational position of the rotor of the machine to
determine appropriate control signals for the windings of the
different phases of the machine. The rotational position can
be determined using at least one additional sensor. To reduce
the cost and complexity of the machine it is however
advantageous to use a sensorless control of the permanent
magnet synchronous machine.

[0004] Such sensorless monitoring approaches are known
from the document EP 2 706 659 Al. The monitoring is
based on a voltage signal indicative for a back electromotive
force being induced in the stator.

[0005] The back electromotive force is however zero at
standstill. Therefore, approaches based on this phenomenon
cannot be used at standstill and therefore have only limited
usefulness if the start up of the machine should be con-
trolled.

SUMMARY

[0006] An aspect relates to a sensorless approach to deter-
mining a rotational position of the rotor of the permanent
magnet synchronous machine at standstill, that preferably
allows for a fast and precise determination of the rotational
position.
[0007] This problem is solved by a method for determin-
ing the rotational position of a rotor in a permanent magnet
synchronous machine, wherein the stator comprises wind-
ings for a first, second and third phase, comprising the steps:
[0008]

[0009] determining respective first measures for the
current induced by the first voltage pulse in the second
and third phase,

[0010] selecting a first selected phase depending on the
first measures for the current, wherein the first selected
phase is either the second or the third phase,

[0011] applying a second voltage pulse to the first
selected phase,

applying a first voltage pulse to the first phase,
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[0012] determining respective second measures for the
current induced by the second voltage pulse in the
phases of the stator that are not the first selected phase,
and

[0013] determining the rotational position of the rotor
depending on the second measures of the current.

[0014] The method takes advantage of the fact that the
permanent magnets arranged on the rotor can cause a
complete or at least partial magnetic saturation of the stator
material, e.g. the stator iron, in the area next to the respective
magnet. If the coil of certain phase is in the vicinity of the
permanent magnet the inductance of that coil is therefore
lowered. If a voltage is applied to the windings of a certain
phase, the time derivative of the resulting current depends on
the inductance of these windings. The inductance of the
windings of a phase can therefore be easily determined by
applying a voltage pulse and measuring a current response.
A measure for the current that can be used to determine the
inductance can e.g. be the maximum or an average or an
integral of the current over a given time interval after the
application voltage pulse and/or a maximum or an average
or an integral of the time differential of that current. Since
the inductance of the windings of a respective phase depend
on the degree of saturation of the stator material in the area
of these windings the measure for the current is also a
measure that determines the degree of alignment of the rotor
with the windings of a certain phase. The measure for the
current in the respective phase can therefore indicate how
well the permanent magnets of the rotor are aligned with the
windings of that phase. By using multiple voltage pulses and
current measurements a rotational position of the rotor can
therefore be determined.

[0015] It should be noted that the determined rotational
position describes an electrical angle of the rotor position,
which is sufficient to control the permanent magnet syn-
chronous machine. If the number of pole pairs of the
machine is one this electrical angle corresponds unambigu-
ously to one physical orientation of the rotor. If a machine
with multiple pole pairs is used, a single physical orientation
corresponds to a number of electrical cycles that is identical
to the number of pole pairs.

[0016] In principle it would be possible to determine the
rotational position of the rotor by using a fixed pattern of
applying voltage pulses to different phases with different
polarities. This would however require a relatively large
number of voltage pulses to provide the rotational position
of the rotor with sufficient precision to reliably control the
start up of a permanent magnet synchronous machine with
sufficient torque. Therefore, the inventive method uses a
variable pulse sequence, wherein the second voltage pulse is
applied to a phase that is selected based on measurement
data acquired by using the first voltage pulse. As will be
described in more detail below this dynamic adaption of the
pulse sequence allows for sufficiently precise determination
of a rotational position of the rotor using only a few voltage
pulses.

[0017] In a permanent magnet synchronous machine, the
voltage applied to each of the phases is typically not
controlled independent of each other. Due to a star or delta
connection of the windings of the different phases and/or due
to the use of a three phase inverter an injection of a pulse of
a given polarity into one of the phases leads to an injection
of a pulse with the inverted polarity to the other two phases.
If e.g. a positive voltage pulse is applied to the first phase,
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a positive current will result in the first phase and a negative
current will result in the second and third phase. When the
application of a voltage pulse to a given phase is discussed,
this therefore means that a voltage pulse with a given
polarity is applied to that phase and a voltage pulse with an
inverted polarity is applied to the other phases.

[0018] The step of determining the rotational position of
the rotor depending on the second measures of the current
can comprise the steps of:

[0019] selecting a second selected phase depending on
the second measures of the current, wherein the second
selected phase is either the first phase or the first
selected phase,

[0020] applying a third voltage pulse to the second
selected phase,

[0021] determining a respective third measure for the
current induced by the third voltage pulse in at least one
phase of the stator, and

[0022] determining the rotational position of the rotor
depending on the third measure for the current.

[0023] As discussed in more detail below the application
of a third voltage pulse to a second selected phase that is
determined in dependence of the previous measurement data
allows for an unambiguous determination of an electrical
phase with a relatively low margin of error and therefore for
a robust control of a permanent magnet synchronous
machine, especially of the start up of the permanent magnet
synchronous machine.

[0024] The first and third voltage pulse or the second and
third voltage pulse can be applied to the same phase with
opposite polarities. This is useful to distinguish between
rotor orientations that differ in their electrical phase by 180°.
In the previous discussion only the saturation of the stator
material by the magnetic fields of the permanent magnets
was considered. An additional magnetic field is however
caused by the current through the windings of the respective
phase. The direction of the magnetic field caused by this
current depends on the polarity of the voltage pulse.
Depending on this direction and the direction of the field of
the permanent magnet in the vicinity of the respective
winding the magnetic field of the winding of the phase either
increases or decreases the saturation of the stator material
and therefore either further decreases or slightly increases
the inductance of the respective winding. By comparing
currents caused by voltage pulses to the same phase with
opposite polarities rotational positions with a difference in
the electric angle of 180° can therefore be distinguished and
the rotational position can therefore be disambiguated.
[0025] The respective third measure of the current can be
determined for the current in the second selected phase
and/or in the phases of the stator that are not the second
selected phase. Acquiring a measure of the current in the
second selected phase is especially advantageous to perform
the previously discussed disambiguation. Measuring the
current in the phases of the stator that are not the second
selected phase is useful to improve the accuracy of the
determined rotational position of the rotor. Without this
measurement it might only be known that the electrical
phase is within a certain interval that is symmetric about the
angular position of the windings of a certain phase. The third
measures of the current in the phases of the stator that are not
the second selected phase can be used to determine towards
which of the phases the angular position deviates from the
second selected phase.
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[0026] The determined rotational position can depend on
the relative magnitudes of the third measures of the current
for the phases of the stator that are not the second selected
phase. As previously discussed, this can determine in which
direction the rotational position of the rotor and therefore the
position of the permanent magnets deviates from the posi-
tion of the windings of the second selected phase.

[0027] An additional first measure for the current induced
by the first voltage pulse in the first phase and/or an
additional second measure for the current induced by the
second voltage pulse in the selected phase can be deter-
mined, wherein the selection of the second selected phase
and/or the determined rotational position depend on the
additional first and/or the additional second measure for the
current. As previously discussed, these measures allow for
robust disambiguation between two rotational positions that
differ by 180°. Additionally, the use of the additional first
measure for the current can improve the estimation of an
approximate rotational position after the second voltage
pulse and therefore the selection of the second selected
phase.

[0028] The determined rotational position can depend on
the relative magnitude of the third measure of the current for
the second selected phase and the additional first or the
additional second measure of the current. As discussed, the
relative orientation of the magnetic field of the permanent
magnets and a field induced by the respective windings due
to the voltage pulse influences the degree of saturation of the
stator material and therefore the inductance of the respective
windings and therefore the current in the respective phase.
If the first and third voltage pulse or the second and third
voltage pulse are applied to the same phase with opposite
polarities as previously discussed and this phase roughly
aligns with orientation of the permanent magnet the relative
magnitude of the third measure of the current for the second
selected phase and the additional first or the additional
second measure of the current will provide information in
which direction in the northpole of the permanent magnets
of the rotor points. The measurement is therefore not only
sensitive to the magnitude of the magnetic field in the region
of the windings of the respective phase but also on the
direction of the magnetic field.

[0029] The absolute value of the difference between the
additional first and the additional second measure of the
current can be compared to a threshold, wherein the selec-
tion of the second selected phase and/or the determined
rotational position depend on the result of that comparison.
The comparison of the difference to the threshold in this case
and in further cases discussed later serves to identify rota-
tional positions of the rotor in which the permanent magnets
of' the rotor are in roughly the same distance to the windings
of the considered phases. This is especially advantageous
when the alternative would be to proceed on two different
branches of the method depending on the relative magnitude
of the two considered measures for the current. If those
currents are rather similar and therefore the difference is
below the threshold, even a small measurement error could
lead to a wrong branch of the method and therefore poten-
tially to a big error in the determined rotational position of
the rotor. It is therefore advantageous to identify these cases
and treat some separately.

[0030] The selection of the first and/or second selected
phase and/or the determined rotational position can depend
on the relative magnitude of the first measures of the current
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for the second and third phase and/or the selection of the
second selected phase and/or the determined rotational posi-
tion can depend on the relative magnitude of the second
measures of the current for the phases of the stator that are
not the first selected phase. As previously discussed, the
method can branch depending on the respective relative
magnitude, therefore leading to the selection of different
phases to apply voltage pulses to and/or the selection of
different processing steps. This dynamic branching of the
method in dependence of relative magnitudes of measures of
the current of respective phases and the application of
respective voltage pulses allows for a fast and efficient
determination of the rotational position.

[0031] The absolute value of the difference between the
first measures of the current for the second and third phase
can be compared to a threshold, wherein the selection of the
first and/or second selected phase and/or the determined
rotational position depend on the result of that comparison.
Additionally or alternatively the absolute value of the dif-
ference between the second measures of the current for the
phases of the stator that are not the first selected phase can
be compared to a threshold, wherein the selection of the
second selected phase and/or the determined rotational posi-
tion depend on the result of that comparison. As previously
discussed, the separate treatment of cases in which measures
for the current for the respective voltage pulse are very
similar for two phases can help to avoid errors due to noise
or small measurement errors. This is especially advanta-
geous when a comparison of the magnitudes of the measures
for the current determine the phase to which the next voltage
pulse is applied, since a branching of the method is required
in these cases.

[0032] In the method according to embodiments of the
present invention exactly three voltage pulses can be applied
to determine the rotational position. The error in the deter-
mined rotational position can be smaller than or equal to 15°.
This can be achieved by selecting the phases to which to
apply the voltage pulses and/or the further processing of the
measures for the current in different ways depending on
previously acquired measurements as previously discussed.

[0033] In addition to the inventive method, embodiments
of the invention concern a control unit of a permanent
magnet synchronous machine that is configured to perform
the method according to embodiments of the present inven-
tion. It can also be said that embodiments of the invention
concern a permanent magnet synchronous machine com-
prising such a control unit and/or a larger system, e.g. a wind
turbine, which comprises a permanent magnet synchronous
machine and the described control unit. In wind power
generators a permanent magnet synchronous machine con-
trolled by such a control unit might e.g. be used to orient the
blades or it could be used as a generator of the wind turbine
and the described method could e.g. be used to start the
turbine at low wind speeds. A permanent magnet synchro-
nous machine controlled by the described control unit or
method can especially provide large torques from the stand-
still and therefore start up under large loads.

[0034] Additionally, embodiments of the invention con-
cern a computer program that can be directly loaded into a
memory unit of a control unit of a permanent magnet
synchronous machine, the computer program comprising
instructions for performing the steps of the inventive method
when the program is executed in the control unit.
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[0035] The embodiments also concern a computer-read-
able storage medium containing electronically readable
instructions comprising the computer program according to
embodiments of the present invention.

BRIEF DESCRIPTION

[0036] Some of the embodiments will be described in
detail, with reference to the following figures, wherein like
designations denote like members, wherein:

[0037] FIG. 1 a permanent magnet synchronous machine
comprising a control unit according to an embodiment of the
present invention,

[0038] FIG. 2 a flow chart of an embodiment of the present
invention,
[0039] FIG. 3 the relative position of different sectors of

the rotational position and the windings of the permanent
magnet synchronous machine shown in FIG. 1,

[0040] FIG. 4 depicts a current response for a phase when
applying a voltage pulse;

[0041] FIG. 5 depicts a current response for a phase when
applying a voltage pulse;

[0042] FIG. 6 depicts a current response for a phase when
applying a voltage pulse;

[0043] FIG. 7 depicts experimental results for a determi-
nation of a rotor position in two different embodiments of
the present invention;

[0044] FIG. 8 depicts experimental results for a determi-
nation of a rotor position in two different embodiments of
the present invention;

[0045] FIG. 9 depicts experimental results for a determi-
nation of a rotor position in two different embodiments of
the present invention; and

[0046] FIG. 10 depicts experimental results for a determi-
nation of a rotor position in two different embodiments of
the present invention.

DETAILED DESCRIPTION

[0047] FIG. 1 shows a permanent magnet synchronous
machine 7. The machine 7 comprises a stator 8 and a rotor
9. The rotor is rotatable around the axis 10. In the example
the machine 7 comprises one pole pair and the rotor 9 is
therefore carrying two permanent magnets 23, 24 that pro-
vide a magnetic field 25, 26 that is oriented in the same
direction. The stator 8 comprises multiple windings 11-16 to
which a voltage can be applied by the control unit 20. The
control unit 20 comprises a memory unit 21 what stores a
computer program for controlling the permanent magnet
synchronous machine 7 and a processor 22 for executing the
steps of that program.

[0048] The windings 11-16 are connected in such a way
that the windings 11, 12 form a first phase 17, the windings
13, 14 form a second phase 18 and the windings 15, 16 form
a third phase 19. When a voltage with a given polarity is
applied to one of these phases both windings 11-16 of that
phase 17, 18, 19 generate a magnetic field 27, 28 in the same
direction. In the example a negative voltage is applied to the
third phase 19. Due to the interactions of the magnetic fields
25-28 the rotor 9 would experience a torque in the counter-
clockwise direction in FIG. 1. By applying a voltage with an
opposite polarity to the phase 19 a torque in the clockwise
direction could be applied.

[0049] The control circuit and the wiring of the phases are
only shown schematically in FIG. 1. In a real life applica-
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tion, a star or delta connection is typically used to connect
the phases 17, 18, 19 and the machine 7 can be driven by a
three phase convertor. Therefore the application of a voltage
with a first polarity to one of the phases 17, 18, 19 results in
the application of a voltage pulse with an inverted polarity
to the remaining phases 17, 18, 19. If e.g. a negative voltage
pulse is applied to the third phase 19, resulting in the
magnetic fields 27, 28 shown in FIG. 1, positive voltage
pulses would be applied to the further phases 17, 18 at the
same time.

[0050] To start the machine 7 from standstill it is highly
relevant to know the rotational position of the rotor 9 with
a reasonably high accuracy. A method for determining the
rotational position that is implemented by the control unit 20
is now discussed with reference to FIG. 2. With this method
it is possible to determine the rotational position with an
accuracy of 30°. This allows to determine in which of the
sectors 1a-6b shown in FIG. 3 the permanent magnet 23 is
currently located. The position shown in FIG. 1 would
therefore lead to a determination of the sector 2a.

[0051] In step S1 a first voltage pulse 29 is applied to the
first phase 17 and therefore to the windings 10 and 12. As
shown in FIG. 4, the first voltage pulse 29 is applied with a
positive polarity. As previously discussed, using a star or
delta connection and using a three phase convertor for the
application of the voltage pulse lead to the application of a
negative voltage pulse to the second and third phase 18, 19
when applying the positive first voltage pulse 29 to the first
phase 17.

[0052] In step S2 respective first measures for the current
30 induced in the second phase 18 and for the current 31
induced in the third phase 19 by the application of the first
voltage pulse 29 are determined. The measured currents 30,
31 are shown in FIG. 4. In the discussed example the
maximum current in the shown time interval is used as the
measure for the respective current 30, 31. Alternatively it
would e.g. be possible to determine an average current or an
integral of the current during that time interval or to calcu-
late an average or maximum gradient of the respective
current 30, 31. Additionally an additional first measure for
the current 32 in the first phase 17 is acquired.

[0053] In step S3 the absolute value of the difference
between the first measures for the currents 30, 31 is com-
pared to a threshold. This comparison is used to ensure that
a difference in these measures is larger than a potential
measurement error. If the difference is smaller than threshold
the method will branch to step S13. The modified determi-
nation of the rotational position for this case will be dis-
cussed later. If the difference of the first measures of the
current 30, 31 does however exceed the threshold the
method continuous to step S4.

[0054] In step S4 one of the phases 18, 19 is selected as a
first selected phase. The selection of the selected phase
depends on the relative magnitude of the first measures for
the current 30, 31. The selected phase will be the second
phase 18 if the first measure of the current 30 for this phase
is larger than the first measure for the current 31 for the
phase 19 and vice versa. Therefore, the first selected phase
is the phase in which a larger current is induced. As
previously discussed, the magnitude of the induced current
30, 31 depends on the inductance of the windings 13-16 of
the respective phase 18, 19 and this inductance depends on
the degree of saturation of the stator material in the area of
the respective windings 13-16. As seen in FIG. 1 the
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permanent magnets 23, 24 are closer to the areas of the
winding 15, 16 of the third phase 19, leading to a current 31
in the third phase 19 that is larger than the current 30 in the
second phase 18. Therefore, the third phase 19 is selected as
the selected phase.

[0055] In step S5 a second voltage pulse 40 that is shown
in FIG. 5 is applied to the first selected phase and therefore
to the third phase 19 in the example shown in FIG. 1. In step
S6 second measures for the currents 33, 34 induced by the
second voltage pulse 40 in the phases of the stator 8, that are
not the selected phase, are determined. The current 33 is the
current induced in the first phase 17 and the current 34 is the
current induced in the second phase 18. To improve accu-
racy and to allow for a later determination of the polarity,
e.g. if the permanent magnet is located in the sector 2a or 5a,
additionally a second measure for the current 35 in the
selected phase and therefore in the third phase 19 is
acquired.

[0056] In step S 7 the absolute value of the difference
between the measures for the currents 33, 34 is compared to
a threshold as previously discussed with respect to step S3.
If the difference is below that threshold the further deter-
mination is modified as will be explained later. If the
difference does however exceed this threshold the method
continues to step S8.

[0057] In step S8 a second selected phase is selected
depending on the second measures for the currents 33, 34
acquired in step S6. The second selected phase is typically
selected in such a way that the permanent magnets 23, 24 are
expected to be roughly aligned with the windings 11-16 of
the respective phase 17, 18, 19. In the discussed example the
current 34 in the second phase 18 is smaller than the current
33 in the first phase 17. Since the currents 30, 34 in the
second phase 18 are smallest for both voltage pulses 29, 40,
the inductance in the windings 13, 14 of the second phase 18
is obviously high and the rotor 9 is therefore obviously not
aligned with the windings 13, 14 of the second phase 18. To
determine whether the rotational position of the rotor 9 is
more closely aligned with the windings 11, 12 of the first
phase 17 or with the winding 15, 16 of the third phase 19 the
measures for the currents 32 and 35 are compared. In the
discussed example the current 35 is larger than the current
32 indicating a stronger saturation of the magnetization in
the stator material in the area of the windings 15, 16 than in
the area of the windings 11, 12. It can therefore be deter-
mined, that the rotational position of the rotor 9 is roughly
aligned with the windings 15, 16 of the third phase 19. If on
the other hand the current 32 would be larger than the current
35 a rough alignment with the windings 11, 12 of the first
phase 17 would be determined. If the currents 32, 35 would
be roughly equal it would be obvious that the rotational
position of the rotor 9 would be between the phases 17 and
19 and therefore the rotational position would be 30° or 210°
when 0° is associated with the first phase 17.

[0058] The phase which is expected to be roughly aligned
with the rotor 9 is the second selected phase into which a
third voltage pulse is injected in step S9 and the currents 37,
38, 39 shown in FIG. 6 are measured in step S10. Therefore,
the third voltage pulse would be injected into the third phase
19 in the discussed example. If the currents 32, 35 are
roughly equal either phase could be used for injection of the
third voltage pulses. In the discussed example the third
phase 19 would be used for injection of the third voltage
pulse in that case.



US 2020/0195178 Al

[0059] The primary purpose of the third voltage pulse 36,
that is shown in FIG. 6, is to distinguish between rotational
position that are shifted by 180°. This is possible since the
second selected phase into which the voltage pulse 36 is
injected is the same phase into which the voltage pulse 40
was already injected, but the polarity of the injection is
reversed. If the phase 17 would be selected as a second
selected phase in step S8 this would apply to the voltage
pulses 29, 36. The polarity of the voltage pulse will deter-
mine the direction of the magnetic fields 27, 28 induced by
the windings 11-16 of the respective phase 17, 18, 19. The
direction shown in FIG. 1 corresponds to a negative voltage
pulse applied to the phase 19. If the direction of the magnetic
field 25, 26 of a respective permanent magnet 23, 24 is
aligned with the direction of the magnetic field 27, 28 of the
closest winding 11-16, the magnetic saturation of the stator
material is further increased. An opposite direction of these
magnetic fields would lead to decrease in the saturation.
Since a higher saturation leads to a reduced inductance and
therefore to a higher current, the relative polarity of the
magnetic field can be determined by comparing the mea-
sures for the currents 35, 37 induced in the respective phase
19 when applying voltage pulses 36, 40 to the same phase
2 0 19 with different polarities. In the discussed example the
current 37 for the negative voltage pulse 36 is larger than the
current 35 for the positive voltage pulse 40 indicating that
the magnetic fields 25, 26 for the permanent magnets 23, 24
are roughly aligned with the magnetic fields 27, 28 caused
by applying a negative voltage pulse to the phase 19. It can
therefore be determined in step S11 that the permanent
magnet 23 and therefore the rotational position of the rotor
9 is in the sector 2a or 2b shown in FIG. 3.

[0060] In step S12 the precision is increased by deciding
whether the rotational position is within sector 2a or sector
2b. To achieve this the current 38 induced in the phase 17
and the current 39 induced in the phase 18 are additionally
acquired in step S10 and compared to each other in step S12.
If the measure for the current 38 is larger than the measure
for the current 39 as shown in FIG. 6, this indicates that the
permanent magnets 23, 24 are positioned closer to the
windings 11, 12 of'the first phase 17 than to the windings 13,
14 of the second phase 18 and vice versa. In the present
example it can therefore be determined that the rotational
position is in the sector 2a.

[0061] A method that involves only the previously dis-
cussed steps S1 to S12 except for the comparison to thresh-
olds in steps S3 and S7 was tested for a variety of actual
rotor positions. A comparison of the actual rotor positions
and the estimated rotor positions is shown in FIG. 7. FIG. 8
shows the error of the estimated position. It is immediately
obvious from FIG. 8 that the majority of the actual rotor
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positions are recognized with an error of less than +/-15°.
Some of the actual positions do however cause an error of
more than 15°. To allow for an error of less than 15° for all
actual rotor position the previously discussed steps S3 and
S7 are used and the additional steps S13 to S18 are intro-
duced.

[0062] If it is determined in step S3 that the currents 30,
31 induced in the second and third phase 18, 19 are
approximately equal it can immediately be determined that
the rotational position is approximately 0°, 90°, 180° or
270°. In step S13 the second voltage pulse is therefore
applied to the second phase 18 and the current induced in the
first phase 17 and the third phase 19 are compared. If the
absolute value of the current in the first phase 17 is larger
than the absolute value of the current in the third phase 19
the rotational position is either roughly 0° or roughly 180°
and the rotor 9 is therefore aligned with the windings 11, 12
of the first phase 17. Otherwise the rotational position is
approximately 90° or 270°. Depending on the currents
determined in step S14 and step S15 a second selected phase
is selected and the voltage pulse is applied to that phase in
step S16. If it was determined that the rotor 9 is roughly
aligned with the windings 11, 12 of the first phase 17, the
polarity is determined by applying a negative voltage pulse
to the first phase 17. Otherwise the negative voltage pulse is
applied to the second phase 18.

[0063] In step S17 the current for the phase to which the
third voltage pulse was applied is acquired and in step S18
it is determined, if the current induced by a negative voltage
pulse is larger or smaller than the previously acquired
current induced by a positive voltage pulse. This polarity
determination was already explained with respect to step
S11.

[0064] If the difference between the second measures for
the currents is smaller than the threshold in step S7 it can be
determined in dependence on the result of step S4 that the
rotational position is either 150° or 330° or 30° or 210°. The
polarity is then determined in the steps S16, S17 and S18 as
described above.

[0065] As shown in FIGS. 9 and 10 the introduction of
these additional steps leads to a closer approximation of the
actual rotor position by the estimated rotor position and
therefore to an error of the estimation that is reliably smaller
than 15°.

[0066] A complete set of conditions, results and phases
used for the injection of the voltage pulses and the pulse
polarities are shown in the following table. All currents i
shown are absolute values of the respective currents. To
improve readability the first phase 17 was labelled as A, the
second phase 18 as B and the third phase 19 as C.

Step 4  Injec- Estimated  Injection  Step 11 Sector Step 12 Sector
Case tion Step 8 Case Position Phase Case 60 de- Case 30 degree
igr>icr B+ ipTie  Lg>im A A- Ly > Lles 1
Ly <ig 4
L~ig 150°, 330° B-
iy <ip B B- igy > ip3 3
ipy <ips 6
ip<io B B- igy > ip3 3
igy <ips 6
Lp~ic B B-
@p<icy C+ ipTin e A A- Ly > Lles 1
Ly <ig 4
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6
-continued
Step 4  Injec- Estimated  Injection  Step 11 Sector Step 12 Sector
Case tion Step 8 Case Position Phase Case 60 de- Case 30 degree
Ig =i  30° 210° (e
L <ie C (e i > s 5
Ieo <l 2
Lo <igs C (e i > s 5
Ieo <l 2
Lo =~ igs C (e
ig=~ic; B+ Lo > ie 0°, 180° A-
Lp <le 90°, 270° B-

@ indicates text missing or illegible when filed

[0067] Although the present invention has been described
in detail with reference to the preferred embodiment, the
present invention is not limited by the disclosed examples
from which the skilled person is able to derive other varia-
tions without departing from the scope of the invention.
[0068] For the sake of clarity, it is to be understood that the
use of “a” or “an” throughout this application does not
exclude a plurality, and “comprising” does not exclude other
steps or elements.

1. A method for determining a rotational position of a
rotor in a permanent magnet synchronous machine, wherein
the stator comprises windings for a first phase, a second
phase, and a third phase, the method comprising:

applying a first voltage pulse to the first phase;

determining respective first measures for a current

induced by the first voltage pulse in the second phase
and the third phase;

selecting a first selected phase depending on the first

measures for the current, wherein the first selected
phase is either the second phase or the third phase,
applying a second voltage pulse to the first selected phase;
determining respective second measures for the current
induced by the second voltage pulse in the first phase,
the second phase, the third phase of the stator that are
not the first selected phase; and

determining the rotational position of the rotor depending

on the second measures of the current.

2. The method according to claim 1, wherein the step of
determining the rotational position of the rotor depending on
the second measures of the current further comprising:

selecting a second selected phase depending on the sec-

ond measures of the current, wherein the second
selected phase is either the first phase or the first
selected phase;

applying a third voltage pulse to the second selected

phase;

determining a respective third measure for the current

induced by the third voltage pulse in at least one phase
of the stator; and

determining the rotational position of the rotor depending

on the third measure for the current.

3. The method according to claim 2, wherein the first
voltage pulse and third voltage pulse or the second voltage
pulse and the third voltage pulse are applied to the same
phase with opposite polarities.

4. The method according to claim 2, wherein the respec-
tive third measure is determined for the current in the second
selected phase and/or in the phases of the stator that are not
the second selected phase.

5. The method according to claim 4, wherein the deter-
mined rotational position depends on the relative magni-
tudes of the third measures of the current for the phases of
the stator that are not the second selected phase.

6. The method according to claim 2, wherein an additional
first measure for the current induced by the first voltage
pulse in the first phase and/or an additional second measure
for the current induced by the second voltage pulse in the
selected phase are determined, further wherein the selection
of the second selected phase and/or the determined rota-
tional position depend on the additional first and/or the
additional second measure for the current.

7. The method according to claim 6, wherein the deter-
mined rotational position depends on the relative magnitude
of the third measure of the current for the second selected
phase and the additional first or the additional second
measure of the current.

8. The method according to claim 6, wherein the selection
of the second selected phase and/or the determined rota-
tional position depends on the relative magnitude of the
additional first and the additional second measure for the
current.

9. The method according to claim 6, wherein an absolute
value of the difference between the additional first and the
additional second measure of the current is compared to a
threshold, further wherein the selection of the second
selected phase and/or the determined rotational position
depend on the result of that comparison.

10. The method according to claim 1, wherein the selec-
tion of the first and/or second selected phase and/or the
determined rotational position depend on the relative mag-
nitude of the first measures of the current for the second and
third phase and/or in that the selection on of the second
selected phase and/or the determined rotational position
depend on the relative magnitude of the second measures of
the current for the phases of the stator that are not the first
selected phase.

11. The method according to claim 1, wherein the absolute
value of the difference between the first measures of the
current for the second and third phase is compared to a
threshold, wherein the selection of the first and/or second
selected phase and/or the determined rotational position
depend on the result of that comparison, and/or in that the
absolute value of the difference between the second mea-
sures of the current for the phases of the stator that are not
the first selected phase is compared to a threshold, wherein
the selection of the second selected phase and/or the deter-
mined rotational position depend on the result of that
comparison.
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12. The method according to claim 1, wherein three
voltage pulses are applied to determine the rotational posi-
tion and/or wherein the error in the determined rotational
position is smaller than or equal to 15°.

13. A control unit of a permanent magnet synchronous
machine, configured to perform the method of claim 1.

14. A computer program that can be directly loaded into
a memory unit of a control unit of a permanent magnet
synchronous machine, the computer program comprising
instructions for performing the steps of the method of claim
1 when the program is executed on the control unit.

15. A computer-readable storage medium containing elec-
tronically readable instructions comprising the computer
program according to claim 14.

#* #* #* #* #*
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