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Noninductive control of permanent
magnet synchronous motor based on
Improved synovial observer

ABSTRACT

Abstract: In the non-inductive control of permanent magnet synchronous motor, the rotor
position information of the motor is usually estimated by the synovial film observer. Synovial
observer has the advantages of simple control structure and short response time. The switch
function of the control process of the synovial observer is usually the sign function. The back
electromotive force signal is extracted by the filter, and then the rotor position information is
estimated by the inverse tangent method. However, the traditional switching process of sign
function contains a large number of high order harmonics, which will cause the problems of
phase difference and amplitude attenuation after the signal is filtered by the filter, and the
estimation error of arctangent method is large. Based on the above problems, the traditional
switching function is improved in this paper. Continuous sigmoid function is used as the
switching function, which can effectively solve the problem of excessive vibration during the
operation of the motor. In addition, phase-locked loop technology is introduced to replace the
traditional inverse tangential method for rotor position estimation, which further improves the
estimation accuracy of the system.

Keywords: Permanent magnet synchronous motor; Synovial control; Sigmoid function;
Phase locked loop.

precisely controlling the direction and size
of the motor magnetic field. In the vector
control process of PMSM, the position

1. INTRODUCTION

Permanent “magnet synchronous motor
has the advantages of small volume,
large “woverload capacity and high
efficiency [1-2], and has been widely used
in various high-tech and daily life
products. The control strategy of the
motor is the key factor to improve the
performance of the motor. At present, the
most important control mode of
permanent magnet synchronous motor is
vector control [3], which makes the motor
output stable and efficient torque by

and speed information of the motor rotor
needs to be measured in real time, and
various mechanical position sensors are
usually used to collect relevant
information [4]. However, the use of
traditional mechanical position sensor will
bring many problems, such as the system
cost greatly increased, reliability reduced,
precision decreased. Based on these
problems, the sensorless control
technology of permanent magnet
synchronous motor emerges as The
Times require. By designing the motor



controller and power electronics, it can
directly measure the motor winding
current, electromotive force and other
physical quantities, thus obtaining the
rotor position and speed information and
directly avoiding the use of traditional
mechanical position sensors [5-6]. At
present, there are various non-inductive
control strategies and methods for
permanent magnet synchronous motors.
The sliding mode observer has become a
popular non-inductive control method for
permanent magnet synchronous motors
due to its simple algorithm, easy
implementation and strong robustness .

2. TRADITIONAL SYNOVIAL
OBSERVER ALGORITHM

2.1. Design of traditional synovial
observer

Traditional synoval control is mostly
designed based on mathematical model
in coordinate system [8]. This paper
focuses on the study of built-in permanent
magnet synchronous motor, whose
inductance of equivalent direct axis.and
alternating axis is not equal [9], and its
voltage equation in coordinate system can
be given as follows:
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When the switch function “is..a sign
function, the values. of the back

electromotive force E, and E; of the
traditional synovial algorithm are:
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2.2. Traditional  synovial rotor

position and velocity
estimation

After obtaining the back electromotive
force value of the motor through the
synovial observer, since the traditional
sign function is a discontinuous high
frequency switching signal, it is necessary
to use a low-pass filter to process the
estimated back electromotive force value:
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Where, w,, E,and E; are the estimated

cut off frequency and aff component of
back electromotive force of the low-pass
filter respectively.

After the filter processing, the arctangent
method is usually used to extract the rotor
position information, and the estimation
process is as follows:

ée =—arctan & + arctan(&) (4)
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Where, 6, is the _estimated angular
velocity; @, is the estimated angular
velocity; wq is the cut-off frequency of the
low-pass filter. The second half of the
formula is  composed of position
compensation for phase delay caused by
the use-of a low-pass filter [10].

3. IMPROVE THE SYNOVIAL
OBSERVER ALGORITHM
3.1. Improvement of switching

function

The switching function used in the
traditional synovial observer is the sign
function of the symbol mutation, and its
value jumps back and forth between £1.
There are a large number of high
harmonics in the system, and the synovial
control generates large jitter. In order to
reduce the serious problem of bucket
vibration in the system, a continuous
function sigmoid(s) is introduced as a
switching function, and its expression is
as follows:

sigmoid (s) :m—l ()

sigmoid(s) Is a continuous function, and
its curve change is related to its value.
The larger the value, the closer the
function image will be to the sign function,
and the smaller the value, the smoother
the function image will be. In this case,
the smaller the system shake matrix will
be.

3.2. Phase-locked loop method
replaces arc-tangent method



the back electromotive force with low sla !
pass filter will cause the phase difference
and amplitude attenuation of the system,
and then the inverse tangent method will
further increase the error, because of the

strong buffeting of the motor system.
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— =
> G
Tradilonl SMO

sin( )
FIG.1 Traditional PLL structure
When the error of 8, and 6, is small
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enough, sin(6,—8,)=6,—8, can be FIG. 4Traditional synovial
considered. At this time, it can be inferred motorspeed diagram
from the figure above: ' ' ' [

AEzEacosAé?e—Eﬁsmé'e (6) ;M

~k(6-6,) i

Wherek = (L, — L, )(@,iy — piy) + 0y ¢ - \ TR
In this case, the equivalent of the phase- FIG. 5 Speed diagram of improved
locked loop is: ) synovial motor -
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FIG.2 Equivalent block diagram of
phase-lockedfoop

FIG. 6Traditio“|m1!;il synovial speed

4. ESTABLISHMENT OF SYSTEM error
SIMULATION. “MODEL  AND ] ‘ | ‘ e
ANALYSIS = OF -SIMULATION - | }
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According “to. the  above theories, the g# j |

I, = 0 vector control simulation model of T : ;

the built-in permanent magnet )
synchronous motor based on the synovial FIG. 7 Improved synovial speed
control is built by Matlab/Simulink . error
platform. The simulation model is as
follows:




FIG. 8 Traditional synovial torque
diagram
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FIG. 10 Position of conventional
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FIG. 11 Position of improved
synovial rotor
It can be seen from the motor speed
diagram that the control effect of the two
algorithms is good, but the gap is not
large. In terms of the speed error, the
error of the motor in.the starting:stage of
the traditional synovial film is about
23rpm, and the_error<of the motor in the
stable operation is about £7rpm, while the
error of the. maotor in the starting stage of
the improved:synovial film is about 13rpm.
After .stablexoperation of the motor, the
error is:between +£2.5rpm. It can be seen
that the chattering of the motor is
effectively reduced by the improved
synovial film. The traditional synovial film
is unstable in the starting stage, which is
reflected in the large fluctuation of the
motor torque, while the motor torque rises
steadily in the starting stage of the
improved synovial film. In the motor
stability stage, the torque pattern of the
improved synovial film is smaller and
more stable than that of the traditional
synovial film. It can be seen from the

motor rotor position diagram that the two
algorithms estimate the rotor position
accurately with minimal error, and the
improved synovial film can track the motor
rotor position more quickly and accurately
in the early stage.

To sum up, the overall control effect of the
improved synovial film is better, and the
position and speed information of the
rotor can be estimated better, so as to
achieve good control of the motor.

5. CONCLUSION

In this paper, by improving the traditional
synoval control, .sigmoid. function was
adopted as the switching function instead
of sign function;.and phase-locked loop
technology; was introduced to replace the
traditional ‘arctangent method to estimate
the rotor position,of the motor. Finally, the
model of the two algorithms was built on
the Matlab/Simulink simulation platform,
and the simulation results were compared
and-analyzed. The results show that the
chattering problem of the system can be
effectively reduced by the improved
synovium control, the accuracy of position
estimation of the motor rotor is improved,
and the improved synovium has better
performance.
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