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Abstract— This paper presents a solution to determine the rotor angle of a
fixed permanent magnet machine with applied brakes which is possible wi-
thout any sensors except voltage and current probes normally assembled in
the converter. The determination is based on two measurement methods, the
coupled inductance between different phases and the self inductance of one
phase, both dependant on the rotor position.
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I. M OTIVATION

A permanent magnet machine is increasingly used in the applica-
tion field of elevators. The control of such a machine requires the
knowledge of the rotor position at every time, because the produ-
ced torque depends not only on the current in the stator but also
on the difference of mechanical and electrical angle. Usually an
absolute angle encoder is used to assure the knowledge of exact
rotor position at every time. An incremental encoder is not suffi-
cient because in case of a sudden power shutdown the knowledge
of the machine angle can be lost. In this case the machine cannot
start working with smooth acceleration after power recovery be-
cause the machine is unable to take over the torque of the brake in
its point of release. This paper presents a solution to determine the
rotor angle of a permanent magnet machine with applied brakes
which is possible without any sensors except voltage and current
probes normally assembled in the converter. The determination is
based on two measurement methods, the coupled inductance bet-
ween different phases and the self inductance of one phase, both
dependant on the rotor position.

II. M EASUREMENT OF COIL INDUCTANCE

The basis for the used measurement is change of the inductance in
the motor coils according to the rotor position. The ferromagnetic
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Fig. 1. Measurement of the coil inductance

material of the rotor covers a different percentage of the coil de-
pendent on the rotor angle which results in different inductance.

This can easily be checked with an RCL-Meter in the following
measuring setup (see figure 1).

Fig. 2. coil inductance

The RCL-Meter is connected between two terminals of the motor.
The star-point is build inside the motor and is not connected for
this kind of measurement. The results of this measurement of all
three phases with a six pole permanent magnet motor is visualized
in figure 2.

III. AC COUPLING

For the first method a low AC voltage is applied between two mo-
tor phases. A voltage of 30V at a frequency of 50Hz is used in this
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Fig. 3. Measurement of the AC coupling

case. The voltage between the third phase and the two other phases



is measured. This has to be repeated in all three possibilities. Ac-
cording to the rotor position a difference in phase, amplitude and
offset can be determined. The offset and amplitude differences
are caused by minor inaccuracies in the coils and mechanical to-
lerances and can be neglected. The phase difference comprises the
angle information of the rotor with one restriction. Within one me-
chanical pole-sector of the machine two electrical angles can be
assigned. The direction of the coils cannot be determined.

IV. VOLTAGE STEP FUNCTION RESPONSE

In the second method a stepwise changing voltage is applied to
two motor phases. This is realized by charging the interlink capa-
citor to a low voltage and discharge it into the motor. The voltage
and current characteristics are recorded and the zero passing time
is also measured. This is done for every phase in both polarities.
The principle of measurement is shown in figure 4.
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Fig. 4. Measurement with the voltage impulse

The applied voltage descends from the charged value in an ex-
ponential way down to zero while the current is increasing. The
schematic form of voltage and current is shown in figure 5.
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Fig. 5. principle of the measured current and voltage

The voltagesUmax, Umin and the points in timet1, t2 are saved.
With a charged voltage of 20V and higher there are significant dif-
ferences of up to 15% in the positive and negative measurement of
only one phase. In which phase this difference can be determined
depends on the angle of the rotor position. This method cannot be

used to calculate the position but it can determine the polarity of
the rotor magnet.
The reason can be seen in the simple model of the magnetic circle
of one phase of the stator in combination with the rotor shown in
figure 6. The model consists of the coil, the permanent magnet and

Fig. 6. model of the magnetic circle

the airgap which depends on the rotor position. The permeability
is shown for different airgaps which becomes more flat with incre-
asing airgap. Because of this the position of the rotor determines
the magnetic behavior of the stator coil.
The direction of the rotor can be measured because the permeabi-
lity is on the upper or lower part of the hysteresis curve dependant
of the magnet polarity. The applied impulse either strengthes or
weakens the magnitude of the permeability dependent on the in-
itial polarity of the magnet.

V. BUILD VOLTAGE SOURCE INVERTER

Fig. 7. photography of the pcb

In order to use these two measurements on real machines a fre-



quency converter with voltage intercircuit shown in figure 7 is
build and programmed with these special procedures. The design
is equally to a standard frequency converter with a switched input
bridge and an output bridge consisting of power MOS-Fets. The
phase voltages and currents are measured as shown in the sche-
matic diagram figure 8.
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Fig. 8. system overview

It is controlled by a Motorola-DSP which is calculating the above
described measurements additionally to the normal operation in
vector control. The rotor angle encoder mounted on the machine is
only used to survey the function of the algorithms and to validate
the calculated absolut rotor position.

VI. MEASUREMENTS

The presented measurements are done on a 6-pole permanent ma-
gnet servo machine with a nominal power of 30kW. The voltage

Fig. 9. voltage coupling between two phases

coupling between two phases is shown in figure 9. The three cur-
ves are different in amplitude, offset and phase which is signifi-
cant for this particular machine. The reason for this can be small
differences in the winding assembly or other construction details.

Fig. 10.

This measurement can be used to calculate the rotor position as
a first approximation shown in figure 10. The mechanical angle
is repeated every 60 degrees because the orientation of the rotor
cannot be determined with this measurement configuration.
The voltage step measurements results are presented in figure 11.
The two curves are the duration of the positive and negative cur-

Fig. 11.

rent till reaching the absolute maximum of current described in
figure 5.
The values of the positive impulses are in opposite phase of the
negative impulses. Because of this the orientation of the rotor can
be determined.
Even without the measurement of the voltage coupling the rotor
position can be calculated with the voltage steps only. For this
purpose the difference between the positive and negative impulse
duration has to be calculated. This is presented in figure 12 for the
three phases. The sinusoidal characteristic can be easily identified
but the results are very noisy. In principle the rotor position can be
determined with only this measurement but with the combination
of both methods the results are much better. In test facilities the
rotor angle is measured with the combination of these two me-



Fig. 12.

thods with an average error in rotor position less than 0.8%. In
figure 13 the results for a six pole permanent magnet machine is
shown.

Fig. 13.

VII. CONCLUSION

In the application field of elevators it is necessary to determine the
exact rotor position of the permanent magnet machine after power
shut down, because a smooth acceleration at startup is demanded.
This paper shows how to calculate the rotor angle with an average
error of less than 1% with the measurement of coupled and self
inductance. A special converter build for this measurement is able
to produce the needed low voltages of less than 30V. The next step
is the implementation of the shown methods in the software of a
standard converter without any changing of hardware.
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