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Review of Position Sensorless Control Technology for Permanent Magnet

Synchronous Motors
ZHANG Guogiang, DU Jinhua *
(School of Electrical Engineering, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: Position sensorless motor drives have attracted
increasing attention in academia and industrial applications
due to their advantages of low cost, high reliability, simple
hardware circuits, and low maintenance requirements. A
variety of position sensorless technologies are reviewed for
three operating ranges: zero-low speed domains, medium-
high speed domains, and full speed domains. Firstly, the
advantages and disadvantages of various position sensorless
control methods at zero-low and medium-high speeds domains
are comparatively analyzed, respectively. Secondly, the
current switching control strategy for full-speed domains
operation is sorted out and summarized. Finally, the future
development trend of position sensorless control technology for
permanent magnet synchronous motor is prospected, and the
key problems of follow-up research are pointed out.
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Fig.1 Block diagram of V/F control structure of PMSM
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Fig.2 Block diagram of I/F control structure of PMSM
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Fig.4 Block diagram of the implementation of the high-

frequency rotating voltage signal injection method
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Fig.5 Block diagram of the implementation of the

high-frequency pulsed voltage signal injection method
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Fig. 6 System block diagram of the magnetic chain

estimation method

1 o F1 B B340, T E A

WEEEA Tk B THA R R R, o P 8 R 4
SRR AL . B BB L AL S8, HA
AR, 2 R BU SR RO REEE RS B RGBT
XX — [l , SCHR[ 27 ] FEAE GE i Al % iy LA
b A R — BB e e R UEBR AR W AL, O
i 13 8 AH 21 ( Phase-Locked Loop, PLL) 3 74 B& /i
SRR KN 5 | S 1 o RN U B R R R G
FeE . SCHR[ 28 ] A HT WL MILES - 4 55 A - F
TR T — e W B T UL DU 2%, I Bl A AR
RN B 1o N S AT I — 2D AR e T I A
S AE) R RN B o3 B R 1) L Ak AN
[F)
2.2 BEYNREE

TEASOULIN 25 (SMO ) B3k J2 ik T 1 B A8 45 44
P B, HARR fU7E T X AR &R 40 ) 4k P BE
BEIE R 48 H B SR 46 ™ . 7E PMSM K B
P RGO EAR B S AL R A G,
TERBOULI g B B R ALE L S
FEAT AR R L0 25 1) i A, 81 G 00 381 ) 52 B H,
DL AV B8 FL I 2 T A 13 25 ) o — 1 A 1) 46 T
s() , YAk SR H IR0 R SR H AL 104 s 26 S R 38 5
TEOCeRECHEA T = AU 46, CRAIE R SERE RS F E 7R 18
BT | ARG AU 25 b B D4 R BOh T G bR
Hrsign () Y a—B ALFRFR T Y L UL I AL 0L
EESS)

IE]& RA. 1 KS . o .
= — — + — - — —
% le L u, LSSLgn(La i)
| (8)
s, R

- ZLB + Zuﬁ - isign(iﬁ = ip)

=
A0, i R TR K, s

LT SMO {5 (37 58 08 825 A P 4
7 fir . SMO i B e | 8 fo 2 5 SE B AL
o UL S B A R, A TR
{ELF T SMO 75 g 2 iof 72 o 4 J1] T R 32 22 9F 6

A

E7 £ET SMO WMEFMHEHKITIEE
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estimation
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Luenberger observer algorithm
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Position sensorless motor drives have attracted

increasing attention in academia and industrial
applications due to their advantages of low cost, high
reliability, simple hardware circuits, and low
maintenance requirements. It is important to study
the high performance PMSM position sensorless
control system with low audible noise, high control
accuracy and wide speed range. With the continuous
maturity of motor position sensorless control
technology, it has been gradually put into practical
production applications.

When the permanent magnet synchronous motor
works in the zero-low speed domain, the amplitude of
the reverse electromotive force is very small, the
signal-to-noise ratio is seriously deteriorated, the
control effect is poor, and it is difficult to accurately
obtain the position information through the motor
model. Generally, the high-frequency signal injection
method is adopted, and the injected high-frequency
voltage signal generates a high-frequency current
signal with the same frequency. Based on the convex
polarity of the motor, the high-frequency current
signal contains the position information of the rotor,
and the rotor’s position information can be obtained
through a series of signal analysis and processing,
such as filtering, rotary transformation, and vector
fork multiplication of the current signal. Additionally,
open-loop V/F or I/F control can be adopted to
achieve the motor rotor position estimation.

As the motor speed increases, the amplitude of
the motor fundamental wave increases, the detection
of the reverse electromotive force becomes easy, and
the rotor position can be estimated based on the

motor fundamental wave model. When the motor

S1

the

mathematical model of the motor is processed by

works in the medium-high speed domain,

various algorithms to obtain the physical quantities
related to the motor speed or rotor position angle,
and then the rotor position information can be
extracted from it. Such algorithms include the
magnetic chain estimation method, the extended
Kalman filter, the sliding mode observer, the model
reference adaptive, the Luenberger observer, and
some artificial intelligence control algorithms.

For the full-speed domain operation of the
motor, the composite control technique is mainly
used to realize the estimation of the rotor position of
the motor, and the difficulty is how to ensure the
smooth switching of the speed transition zone.

In this paper, different control algorithms for
permanent magnet motor position sensorless control
technology in three aspects of zero-low speed
domain, medium-high speed domain and full-speed
domain composite operation are introduced, as shown
in Fig.1. The advantages and disadvantages of
different control methods are also compared and
analyzed. Finally, the future development trend of
position sensorless control technology for permanent
magnet synchronous motor is prospected, and the key
problems of follow-up research are pointed out.
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Fig.1 Block diagram of composite control structure

under full speed domain operation of motor
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