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Abstract. Permanent magnet synchronous motors for the effective start require information
about the initial position of a rotor. In this regard, most systems use position sensors, which
substantially increase entirely a cost of an electrical drive [1-3]. The aim of this article is to
develop a new method, allowing determining the absolute angular position of the permanent
magnet synchronous motors’ rotor [4,5]. With a certain voltage pulses applied to the motor, its
stator is magnetized by currents leakage in the windings. This allows using a special algorithm
to calculate the absolute position of the rotor without using any motor parameters [6].
Simulation results prove the simplicity and efficiency of this method for determining an initial
position of the permanent magnet synchronous motors’ rotor. Thus, this method can be widely
used in the electrical industry.

1. Introduction

Recently the drive with a vector control, based on a synchronous motor with permanent magnets, is
increasingly used in various industries because of their advantages. There is an Urgent problem of
sensorless Permanent Magnet Synchronous Machines (PMSM) control, as it allows reducing the cost
of the structure and the size of the drive [7].

Many foreign scientists have been working on this issue. The most significant contribution to the
study of methods for determining the initial position of the rotor is made by such scholars as Japanese
T. Noguchi from Nagaoka University of Technology, Ying Yan and Jian Guo Zhu of the University of
Technology, Sydney, Australia. In addition, at the company ZAO "EleSy" (Tomsk, Russia) the
possibility of sensorless PMSM control applying is currently studied. Known algorithms allow
operating a motor without using mechanical sensors for high and medium motor speeds, but the
guestion remains of determining the initial position of the rotor at start-up. The main problem on this
issue is to find an algorithm which would be at the same time accurate enough and simple to
implement in a frequency converter.

Thus, the aim of this work is to develop an algorithm determining the initial position of the
sensorless PMSM. The object of the study is a sensorless controlled driver within PMSM.

For performing PMSM modeling, which takes into account the saliency of the rotor and the stator
core saturation, should be developed. The algorithm using for determining an initial position of the
rotor without using of mechanical sensors should be carried out before motor starts. Thus, this
algorithm has to be fast and simple to be implemented.

From the practical point of view, presented algorithm can be applied both by newly design and by
modification of existing motor drives within a frequency converter.
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2. Model of a Permanent Magnet Synchronous Machine
Schematic design and construction of a synchronous motor with permanent magnets are shown in

Figure 1 [8].

Figure 1. Schematic diagram and design of PMSM.

PMSM model, created by the blocks MATLAB Simulink, is presented in the Figure 2.
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Figure 2. The contents of the PMSM.

The Next step is checking an adequacy of developed model (in comparison with the built-in
Simulink model. To make it practical the scheme shown in Figure 3, was constructed in MATLAB
Simulink).
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Figure 3. A comparison of the model with a built-in MATLAB
Simulink.

The resulting graphics of velocity are shown in Figure 4.
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Figure 4. The waveform of rotor speed.
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According to the obtained graphics it is possible to conclude that the model of a synchronous motor
with permanent magnets works properly, and it can be used for further research algorithms to
determine the initial position of the rotor.

3. Determining methods a rotor’s initial position
Each phase of the motor is fed alternately firstly by positive and then negative voltage pulses [6]. At
the same time maximum and minimum values of pulse currents depending on the angle of rotation by

a certain law rotor can be measured. Thus, we have the input data for calculation: 1,,,1g,,1¢, —

maximum values of positive pulses, | ,,, l5,, s, —maximum negative pulses.
First of all, we define the average current value:
- for positive pulses

IAp+IBp+ICp

lop I @
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- for negative pulses

I0n=IA“+|;”+IC“. @
Then, the deviation from the mean value for each phase is determined:
Al =141, (3)
Alg, =lg,— 1y, 4)
Alg, =1, =15, (5)
Al =1,,—1,, (6)
Alg, =g, — 1y, ()
Alg, =1c, =1, (8)

After that the sector where the north pole of the rotor is placed can be determined.
Table. Cases for (6°) defining The Sector is
defined by the angle shift 8" and determined by
the maximum value of current deviation from
the mean value.
p.p  Maximum value (A) Sector & (rad)

1. Al 0
2 Al, ZT”
4.
3 Alg, Tﬂ
4. Al ,, V4
S5S-7
5. Aan T
6. Alg, %

Then, the angle within a sector is determined by two remaining values with a help of the following
equation:
2.1

Cos(sj Al — Al

0 = .—L1 2 radian., 9)
) (2-7[] Al +Al,
sin 3

where Al,, Al, the currents in other two phases.

The angle of rotor’s rotation is defined by the sum of the angle that characterizes the sector, where
the north pole of the rotor is situated, and the angle calculated by the formula [9]:

6, =6+ [rad], (10)
Model, constructed in MATLAB Simulink to analysis the developed algorithm, is shown in Figure

5.
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Figure 5. Model in MATLAB Simulink.

The inputs of the block PMSM are supplied by voltage pulses with the form and duration, as shown
in Figure 6.
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Figure 6. The voltage pulses at the input of the motor.

Oscillograms of the currents depend on the position of the rotor. The angles of rotor’s rotation 45
and 180 degrees [10] are shown in Figure 7.
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Figure 7. The oscillograms of current for rotation angles: a) 45 degrees; b) 180 degrees.
After all minimum and maximum values of the currents, measured in the windings of the motor,
have been transmitted to the input of “Rotor Initial Position”, the calculation of rotor position starts.
For different values of angle of rotor’s rotation the experiments were carried out. According to that
we constructed the real and calculated position of the rotor. Moreover an angle’s error determining
histogram was received and data are reflected in Figure 7 [11].
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Figure 8. The actual and calculated position of the rotor, degrees (a) and the determining error (b).
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4. Conclusion
This work presents a technique to calculate the absolute position of the initial rotor angle of
synchronous machines with permanent magnets. It is possible to measure by applying voltage pulses
that partially drive the stator iron into saturation of the rotor’s absolute position for a given pole pair.
The scheme is computationally simple and does not need the information of any motor parameters.
Total error of measurement is less than 5%. So, this is a valid value, and the proposed algorithm that
can be used in industry [12].

Implementing this technique to sensorless control algorithms while a motor turns around will allow
a totally sensorless control scheme operating the motor reliably from zero speed up to full speed.
Research to implement sensorless technology on a process of application is currently being processed.
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