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Analysis of Different Rotor Structures of Low-speed and High-torque
Modular Fault-tolerant Permanent Magnet Motors

GAN Baoping, LIU Jie, FENG Gang, ZHANG Hao
(1. Xi’ an Micromotor Research Institute Co., LTD., Xi’ an 710117, China)

Abstract; Compared with other structural fault-tolerant motors, modular fault-tolerant motors have been
widely used because of their simple control methods and strong fault tolerance. In addition to changing the
stator structure, the fault tolerance of motors varies greatly among different rotor structures. Based on the de-
scription of a modular combined stator fault-tolerant permanent magnet motor ( MCS-FTPMSM) with unequal
span winding, the influence of three different rotor structures on the performance of the motor was analyzed in
this paper. Three kinds of rotors were optimized based on rotor structure mathematical model and genetic al-
gorithm. Under the premise of the same stator parameters, comparative analysis was carried out from the as-
pects of the cogging torque, torque-angle characteristics, demagnetization, operation performance. Finally, a
3 x 3 modularized prototype of the stator was made for the experiment. By comparing and analyzing the test
data with the finite element results, the rationality of the analysis in this paper was proved.

Key words; direct-drive; module combined stator; low-speed and large-torque ; rotor structure ; performance

analysis
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A Lead Angle Flux-weaking Control Strategy Based on
Five-leg Driven DTP-PMSM
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2. College of Elecirical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; The utilization of a five-leg inverter to drive a dual three-phase permanent magnet synchronous
motor (DTP-PMSM) can eliminate two power switches, thereby serving as a fault-tolerant mechanism in
singe-phase fault conditions. However, the voltage utilization factor ( VUF) reduces under this five-bridge
inverter, ultimately limiting the motor’ s speed range. To address this limitation, a analysis was conducted
regarding the voltage and current constraints imposed by the five-bridge inverter. Subsequently, a current
phase advancing based flux-weakening control was adopted to achieve the speed extension. The experimental
results demonstrate this current phase advancing control facilitate a seamless transition into the flux-weake-
ning I zone, significantly elevating the motor’ s maximum speed, thereby validating the effectiveness of the
proposed method.
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Parameter Identification Method of Permanent Magnet Synchronous
Motor Based on Simulated Annealing Particle Swarm Algorithm

ZHANG Cong, MA Guoliang
(School of Energy and Power Engineering, Nanjing University of

Science and Technology, Nanjing 210018, China)

Abstract: To address the problem of low accuracy and efficiency of conventional particle swarm algorithms in
parameter identification, an adaptive simulated annealing particle swarm optimization algorithm was proposed
to identify the parameters of permanent magnet synchronous motors. By introducing the Metropolis criterion
from the simulated annealing algorithm into the conventional particle swarm optimization algorithm, a fitness
function for each particle’ s position vector annealing algorithm was constructed to expand the search range
and avoid particles from falling into local optima. Simulation results demonstrate that compared with the con-
ventional particle swarm optimization algorithm, the simulated annealing particle swarm optimization algo-
rithm has higher identification efficiency and accuracy.
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Theoretical Analysis and Optimal Design of Air-gap Field for
Double Air-gap Field Modulation Permanent Magnet Motor

JIA Haiyuan, WANG Gang
(School of Electrical Power, Inner Mongolia University of Technology, Hohhot 010080, China)

Abstract; The magnetic field modulation permanent magnet motor achieves constant torque output through
the magnetic field modulation effect, which has the advantage of high torque density. In this paper, the
working principle and the process of magnetic field modulation for this motor are introduced, the modulation
effect of magnetic field modulation permanent magnet motor in different modulating units was simulated and
analyzed, the back EMF and maximum torque of the motor with different are length coefficients were stud-
ied. It is concluded that the acre length coefficient of the modulation unit is generally to be 0. 44 ~0. 7, and
the back EMF and maximum torque with acre length coefficient of 0.2, 0.55 and 0. 88 are compared and
analyzed, the comparison results show that when the acre length coefficient is 0. 55, the back EMF increases
by 9.4% and 3.2% and the maximum torque of the low speed rotor increases by 10. 7% and 54.5% re-
spectively, compared with that when the acre length coefficient is 0.2 and 0. 8. The research has guiding
significance for the design of magnetic field modulation permanent magnet motor.

Key words: permanent magnet motor; magnetic field modulation ; air-gap magnetic field; acre length coeffi-

cient; finite element analysis
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Design of Signal Conversion Circuit for Magnetoelectric Sensor
Based on Addition and Subtraction Operation

ZHOU Yingwang, YING Hao, QU Peng, ZHANG Lei
( Nanjing Research Institute on Simulation Technique, Nanjing 210006, China)

Abstract; Magnetoelectric sensor is applied to the engine speed measurement, the output signal amplitued,
frequency and speed proportional relations, this paper introduced a new type of magnetoelectric sensor signal
conditioning circuit, analysed the working principle of the sensor and the signal characteristics, designed for
single chip microcomputer signal acquisition of filter, add and subtract operation circuit and voltage compara-
tor circuit, circuit parameters was given, and the validation test. Experimental results show that the circuit is
the clever use of amplification bias circuit, ealizes the magnetoelectric sensor wide amplitude, wide frequen-
cy signal acquisition, signal integrity, convert acquisition of high precision, strong anti-jamming capability.

Key words: magnetoelectric sensor; limit amplitude circuit; add and subtract operation circuit; voltage

Vol. 57. No. 11
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Position Servo Control Algorithm Based on the Analysis of the
Optimal Solution of Motion Control of a Mechanism

WEI Pengyuan, YIN Haitao, JIA Ping, WANG Zhiye
(Xi’ an Aerospace Propulsion Testing Technology Research Institute, Xi’ an 710025, China)

Abstract; Motor-controlled position servos have a particularly deep application background in the aerospace
field, whether it is aircraft, satellites or rockets, accurate and stable position servo systems are required to
ensure their stable operation in complex environments. Based on the d-¢ axis voltage equation and the equa-
tion of motion of the permanent magnet synchronous motor, this paper analyzed the influencing factors of the
output electromagnetic torque and rotor acceleration of the motor, established a theoretical optimal model of
position servo control for a certain mechanism, and proposed a position servo control algorithm for the mecha-
nism on this basis, which was verified by building a physical experimental system. Finally, the response

speed, servo accuracy and robustness of the algorithm were analyzed through experiments, and the experi-

Vol. 57. No. 11

mental results show that the algorithm has practical engineering significance.

Key words: position control; PMSM; quick response; high-accuracy
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Domestic Design of No-inductive BLDCM Control System

MIAO Mengyu', ZHANG Dexiang'
(1. School of Elecirical Engineering and Automation, Anhui University, Hefei 230000, China)

Abstract; With the upward social economy, people’ s living pressure increases, and everyone’ s require-
ments for sleep quality are increasing, more patients with OSAS begin to use home sleep ventilator to help
sleepy well, in order to reduce the occurrence of apnea, respiratory collapse and other conditions during
sleepy. Domestic home sleep ventilator started late, at present, the study of a domestic, efficient non-induc-
tive BLDCM control platform is the top priority to seize the domestic sleep ventilator market. In order to a-
dapt to the high requirements of precision speed control of the ventilator, FOC vector control was used as the
core of the whole algorithm in the domestic MCU HC32F460JETA, and the running time of FOC algorithm
accounts for more than 70% . The three-phase current sampling method was used to sample the phase current
during the operation of the motor. The sampling voltage was determined by the synovial observer, and the
piecewise PID control could improve the fast response of the speed. The feasibility of domestic FOC vector
control brushless DC motor control system was demonstrated by experiments.

Key words: home sleep ventilator; BLDCM; MCU HC32F460JETA ; localization design
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A Self-learning Method for Detection Voltage and Detection Time of the
HU Weinan

Initial Position of Permanent Magnet Synchronous Motor Rotor

( Schneider Electric China Co., LTD., Shanghai Branch Office, Shanghai 201203, China)

Abstract; The initial position of the rotor of permanent magnet synchronous motor affects the control accura-
cy and efficiency of the system control. The self-learning of the initial position of the rotor of permanent mag-
net synchronous motor essentially uses the saturation characteristics of the motor, and the technology fre-
quently used is high frequency signal injection with constant pulse width. The technical problem to be solved

in this paper is to provide a self-learning method for detection voltage and detection time of the initial position

detection voltage ; detection time

0 3

—_

of the permanent magnet synchronous motor according to its physical characteristics. The method can quickly
voltage resulting in over-current fault.

and effectively adapt a reasonable injection signal for different types of permanent magnet synchronous motor
=

to avoid excessive initial position detection deviation due to unsaturation of the motor, or excessive detection

Key words: permanent magnet synchronous motor; rotor initial position; high frequency signal injection;
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Research on Fuzzy PI Full Electric Industry Flat Sewing Machine
Multi-motor Synchronization Control Method

ZHANG Hongyue', ZHENG Peng’
(1. Shannxi Institute of Technology, Xi’an 710300, China;

2. Hualu Engineering & Technology Co., LTD., Xi’ an 710075, China)

Abstract: At present, industrial flat sewing machines are mainly mechanical and semi -automated, with low
efficiency, poor reliability and stability, and low degree of automation. In response to this status quo, a
three -motor of industrial flat sewing machines that introduce fuzzy PI compensation proposed a three -motor
synchronization control algorithm, which used deviation coupling to control the three motor synchronization to
rotate,, the problem of automation multi -motor synchronization. The experimental results show that the devia-

tion coupling control algorithm based on fuzzy PI compensation can improve the synchronization performance

of the system and improve the synchronization accuracy of the system.

Key words: flat sewing machine; fuzzy PID; DSP; deviation coupling
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Influence of Phase Angle of Low-order Harmonics on Vibration of
the Asynchronous Traction Motor

LUO Jinmei'?, XIA Yunging’, WU Xiang”, XIONG Fei’
(1. Hunan Electrical College of Technology, Xiangtan Hunan 411101, China;
Y

2. Xiangtan Electric Manufacturing Co., LTD., Xiangtan Hunan 411101, China;
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of Science and Technology, Wuhan 430074, China)

Abstract; With the rapid development of high-speed railway, the vibration and noise problem of asyn-
chronous traction motor has been widely concerned and studied in recent years. This paper focused on the in-
fluence of low-order harmonic phase on electromagnetic force wave of the motor. The relationship between
stator and rotor current phase after harmonic was analyzed qualitatively by equivalent circuit. The electro-
magnetic force of an asynchronous traction motor was analyzed. The main order and frequency of electromag-
netic force wave were extracted by two-dimensional Fourier analysis. The variation of third order main elec-
tromagnetic force wave with harmonic phase was analyzed. Finally, the motor vibration under different har-
monic phase was obtained by finite element simulation, which showed that the relationship between motor vi-
bration and electromagnetic force wave and harmonic phase is consistent under low spatial order.

Key words: asynchronous traction motor; low-order harmonics; electromagnetic force; vibration noise
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Study on the Composite Core of Amorphous Alloy and Oriented Silicon Steel
for High Power Traction Motor

HOU Xiaojun ', PANG Cong', DUAN Rong', SUN Jianzhong *
(1. CRRC Yongji Electric Co., LTD., Yongji Shanxi 044504 , China;

2. Dalian University of Technology, Dalian Liaoning 116023, China)

Abstract: Amorphous alloy and oriented silicon steel have better magnetic properties than non-oriented sili-
con steel which is commonly used in electric motors, but there are still technical barriers to their application
in electric motors. In this paper, a composite tooth core structure suitable for high-power traction motors was
proposed, in which oriented silicon steel was used as the tooth body and amorphous alloy was used as the
tooth crown, so as to give full play to the advantages of the two materials. Moreover, the magnetic-mechani-
cal coupling mathematical model and the loss analysis method of the composite tooth were established consid-
ering the influence of mechanical stress and piezomagnetic effect and the correctness of the mathematical
model was verified through experiments. It is found by comparing the two types of teeth that the teeth of type

I are more suitable for large motors, and its iron loss is 37. 2% smaller than that of type II when the magnetic

density of teeth is more than 1. 8 T and the compressive stress is 20 MPa.

Key words: composite core; piezomagnetic effect; loss analysis
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Interference Analysis and Assembly Process of Multi-layer Sheath Motor Rotor

LI Songtao' , ZHANG Xingi', WANG Chengcheng', LI Xiang', SU Sen’, PENG Long’
(1. National Energy Penglai Power Generation Co., LTD., Yantai Shandong 265601, China;

2. Huachi Kinetic Energy Beijing Technology Co., LTD., Beijing 101111, China)

Abstract; This article focused on the design and optimization issues of high-speed energy storage flywheel
motor rotors, proposing a multi-layer sheath structure to improve the stability and safety of motor rotors at
high speeds. Firstly, suitable materials were selected based on the working conditions and performance re-
quirements of the motor rotor, and the main structural dimensions of the motor rotor were designed. Subse-
quently, criteria and methods for interference design were established to ensure that sufficient contact pres-
sure was maintained between the components of the motor rotor under both static and dynamic conditions, a-
voiding separation phenomena during high-speed rotation. Finite element simulation analysis verified that the
designed interference can meet the material strength requirements, ensuring structural integrity and reliabili-
ty. In addition, a detailed assembly process for the motor rotor was developed, and the feasibility of each as-
sembly step was validated through thermal deformation and stress distribution simulation analysis. Especially
in the final stage of shaft assembly, by optimizing the interference, the process difficulty was simplified, im-
proving assembly efficiency and quality. The research results provide important theoretical support and prac-
tical guidance for the design and manufacture of high-speed energy storage flywheel motor rotors, which is of
great significance for improving the overall performance and reliability of the motor.

Key words: high-speed energy storage flywheel; motor rotor; multi-layer sheath structure; interference de-

sign; finite element simulation; assembly process
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