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A Measurement Method for Cogging Torque of Permanent
Magnet Synchronous Motors

TU Jia, SHI Shengyu, ZENG Debao, FENG Yanhong
(Key Laboratory of Advanced Manufacturing Technology for Polymers ( Ministry of Education) , School of Mechanical &
Automotive Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The traditional cogging torque measurement method of permanent magnet synchronous motor has the problems of ex-
pensive sensing system and poor universality of tooling. In view of this, this paper proposed a cogging torque measurement
method based on built-in signal, low cost and simple operation. In order to achieve this goal, the mathematical relationship be-
tween cogging torque and electromagnetic torque and speed fluctuation was derived based on the mechanical dynamics equation.
Then, the motor drive system and encoder were used to collect the signal at the stable speed of the motor, and the electromag-
netic torque ripple and noise interference were weakened by combining the angle domain resampling and synchronous averaging
technology. Finally, the accurate identification of cogging torque was realized. The feasibility of the method was verified by
Simulink simulation, and a 10-pole 24-slot permanent magnet synchronous motor was experimentally verified. The results show
that the main order of the cogging torque of the motor is 10 times and 24 times, which is consistent with the theoretical analysis,
and the measurement results at different speeds have good repeatability. Compared with the measurement results of the improved
weight method, the practicability of the method in engineering was verified.

Key words: PMSM; cogging torque; measurement method; torque harmonic suppression
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Simulation Study of Induction Motors With Non-uniform Rotors

TONG Jiarun, ZHANG Enqi, HU Kun
(School of Electrical Engineering, China University of Mining and Technology, Xuzhou Jiangsu 221116, China)

Abstract: To address issues such as strong harmonic magnetic field coupling and insufficient starting torque during the startup
of traditional induction motors with equal stator and rotor slot counts, a dual-slot sinusoidal modulation uneven rotor structure
was proposed. Taking a 5. 5kW 4-pole induction motor as the research subject, the distribution pattern of rotor slots was de-
rived. Using finite element software, finite element simulation models of this motor and a traditional uniformly skewed-slot mo-
tor were constructed. Various motor performance metrics under stall and rated operating conditions were compared and ana-
lyzed. The non-uniform rotor structure effectively disrupted periodic harmonic coupling in the air gap magnetic field, enhancing
both the average stall torque and torque per unit current. This significantly improves motor starting performance and electromag-
netic conversion efficiency while effectively suppressing local magnetic saturation and torque ripple. The approach provides no-
vel design insights and theoretical foundations for optimizing high-performance motor rotor topologies.

Key words: Uneven rotor; starting torque; air-gap harmonic; finite element simulation
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Design and Analysis of Dual-rotor Axial Flux Motor for Energy-saving
Retrofit of Air-cooled Island in Power Plant

WEN Jianting', SHI Jianwen', WANG Hongbo', DI Xin', MIAO Huichun',
WU Huijia', XIN Yongbo', WANG Zihe’
(1. Guoneng Shanxi Hequ Power Generation Co., LTD., Xinzhou Shanxi 100033, China;
2. Shenyang University of Technology, School of Electrical Engineering, Shenyang 110870, China)

Abstract: Aiming at the problems of low efficiency and high energy consumption in the traditional asynchronous motor + re-
ducer drive scheme of air cooling island in power plant, this paper proposed to use dual-rotor axial flux permanent magnet syn-
chronous motor to carry out direct drive energy-saving transformation. The research was carried out around a 160 kW axial flux
motor. Firstly, through parametric modeling and finite element simulation, the influence of key parameters such as pole arc co-
efficient, armature diameter ratio and air gap length on output torque, torque ripple and permanent magnet eddy current loss
was analyzed, and the restriction relationship between multiple targets was clarified. Then, the sensitivity analysis was used to
screen the key design variables, and the genetic algorithm was used to optimize the motor, and finally the optimal solution set
was obtained. After optimization, the average torque of the motor was increased by 18.2 % , the torque ripple is reduced by
14.5 % , eddy current loss are reduced by about 7 % , the motor efficiency is increased by 1.4 % , and the magnetic density
distribution is uniform without local supersaturation. This paper provided a theoretical basis and engineering reference for the
design of high-efficiency and high-reliability motors in industrial high-power direct-drive scenarios such as air-cooled islands.

Key words: permanent magnet motor; axial flux motor; optimization design; torque ripple
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Improved Rotor Initial Position Detection Method for Permanent
Magnet Synchronous Motor

ZHU Meijun, CHEN Peng
(Wuba Intelligent Technology ( Hangzhou) Co., LTD., Hangzhou 310000, China)

Abstract: The six-pulse method for detecting the initial rotor position of permanent magnet synchronous motors offers high accu-
racy, short duration, and ease of engineering implementation. However, the traditional approach, which approximates the rela-
tionship between current-induced inductance saturation and rotor position as linear and derives the initial position via inverse
trigonometric functions of feedback current sequences, still exhibits significant identification errors. To reduce the error, The
relationship between inductance saturation degree and rotor position was approximated as a parabolic curve. Simulation analysis
reveals the variation trend of identification errors with rotor position using the six-pulse method. An error correction strategy was
proposed to reduce the initial rotor position identification error. Experiments conducted on a permanent magnet synchronous mo-
tor demonstrate that the trend of identification error with rotor position aligns closely with simulation results. After correction,
the identification error is reduced by 31% , validating the rationality of approximating the inductance saturation characteristic as
a parabola and the effectiveness of the proposed correction strategy.

Key words: permanent magnet synchronous motor; initial rotor position; six-pulse method; inductance saturation
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Abstract: Aiming at the problems of output voltage distortion, increased current harmonics, and torque ripple caused by the
dead-time effect of inverters, a dead-time compensation strategy based on piecewise optimization of the current vector was pro-
posed. The conventional average voltage compensation methods relying on current polarity were easily affected by sampling noise
near the current zero-crossing point, which led to abrupt variations in the compensation voltage and degraded compensation per-
formance. To overcome these limitations, the Fourier series expansion was applied to the voltage compensation function in the
current polarity transition region, and a piecewise continuous voltage compensation function expressed by the current vector an-
gle was obtained, which ensured smooth transition of the compensation voltage while realizing unbiased compensation of the
fundamental voltage amplitude. Furthermore, a frequency-adaptive second-order generalized integrator (SOGI) was introduced
to achieve accurate and real-time estimation of the current vector angle, which significantly improved the accuracy of angle de-
tection. Experimental results verify that the proposed strategy can achieve precise and stable dead-time compensation under both
dynamic and steady-state operating conditions of the system.
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Model-free Predictive Current Control of DTP-PMSM Drives Based
on Extended State Observer Using Ultralocal Model
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Abstract: Dual-three-phase permanent magnet synchronous motors ( DTP-PMSMs) without phase shifting have attracted con-
siderable attention in high-speed drive applications owing to their high power density and wide speed-regulation range. Howev-
er, because their two sets of windings are spatially in-phase, conventional vector-space-decoupling theory fails to effectively iso-
late the fundamental and harmonic planes, resulting in severe coupling between torque and harmonic currents and thereby limit-
ing system robustness. Moreover, under heavy-load operation, these motors face complex time-varying parameter issues: core
saturation causes inductance drop, and temperature rise leads to permanent-magnet demagnetization, creating deviations be-
tween the controller parameters and actual values. To address the problem that traditional deadbeat predictive control was highly
sensitive to parameter variations and prone to system instability, this paper proposed a model-free predictive current control
strategy based on an extended state observer. The proposed method abandons reliance on an accurate mathematical model and
extends the control dimension to the harmonic sub-plane to achieve global optimization. Simulation and experimental results
demonstrate that, compared with conventional methods, the proposed strategy maintains low current ripple and excellent dynam-
ic response under large-scale inductance and flux-linkage parameter mismatches, significantly reducing the system sensitivity to
motor parameters and enhancing operational stability and reliability.

Key words: DTP-PMSM without phase shifting; vector space decomposition; ESO; robustness
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3RRS Parallel Mechanism Platform Model and Motion Control Algorithm

FENG Weijun, SHEN Jianxin
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: In the fields of modern industrial automation and precision manufacturing, parallel mechanisms have become the
core actuation units in high-end industries such as aerospace and optoelectronic displays, owing to their high rigidity, high pre-
cision, and high load capacity. Among them, the 3 degrees of freedom (DOF) revolute revolute-spherical (3RRS) parallel
mechanism, as a typical spatial 3-DOF parallel configuration, can execute a composite motion of one translation and two rota-
tions at the end-actuator. lts operational performance heavily relies on accurate mathematical modeling and efficient motion con-
trol algorithms. To address the nonlinearity and strong coupling issues inherent in the 3RRS parallel mechanism during practical
applications, its mathematical modeling and motion control algorithms were systematically investigated in this paper, taking a
ball-plate system control as a study case. First, based on the geometric constraint relationships of the mechanism, an inverse
kinematics model that mapped the platform orientation to three joint servos rotation angles was derived. Second, a dynamic
model of the classic ball-plate system was formulated using Lagrange equations and subsequently linearized. Regarding the con-
trol strategy, two schemes, viz. , a conventional PD controller and a fuzzy self-tuning PD controller, were developed, and their
control performances were comprehensively evaluated and compared through both simulations and experiments. The experimen-
tal results demonstrate that, compared with the conventional PD control, the fuzzy self-tuning PD controller yields a significantly
shorter settling time, zero overshoot, and a smaller steady-state error, thereby achieving a smoother, more rapid, and highly ro-
bust control effect.

Key words: 3RRS parallel mechanism; ball-plate system; inverse kinematics; fuzzy PD control
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Speed Control of PMSM Via Sliding Mode Variable Structure
Based on Nonlinear Disturbance Observer

CHEN Yidong', ZHANG Chi >, SUN Tianfu >, LIANG Jianing *
(1. Shenzhen Zhaowei Machinery & Elecironics Co., LTD., Shenzhen Guangdong 518000, China;

2. Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen Guangdong 518055, China;
3. University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract: To enhance the transient and steady-state tracking performance of permanent magnet synchronous motor servo sys-
tems under disturbance environments, this paper proposed a novel control strategy. The velocity tracking controller was con-
structed based on an improved dual-power-law approach, ensuring system state convergence within finite time while effectively
suppressing vibrations. Additionally, an innovative hybrid disturbance observer was introduced, demonstrating exceptional tran-
sient peak error suppression capabilities, the proposed method further enhances the system$ disturbance resistance and tracking

performance, significantly improving overall control effectiveness. Simulation results demonstrate that compared to traditional

Vol. 59. No.9

approach laws, this new control strategy exhibits superior robustness and disturbance suppression capabilities.

Key words: permanent magnet synchronous motor; sliding mode control; hybrid observer; reaching law
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A Control Method for Permanent Magnet Synchronous Motor Based
on Quasi Resonant Active Disturbance Rejection Control

CHEN Yuwen, SUN Qiuya, HUANG Yijun, JIN Zhouhan, TANG Zhen
(State Grid Jiangsu Electric Power Company Jurong City Power Supply Branch, Jurong Jiangsu 212400, China)

Abstract: To suppress current harmonics and enhance the system’ s disturbance rejection capability in permanent magnet syn-
chronous motor (PMSM) speed control systems, a composite control method based on linear active disturbance rejection control
(LADRC) and quasi-resonance control was proposed in the paper. The method employed LADRC for both the speed loop and
current loop. A linear extended state observer (LESO) was used to observe and compensate for torque and voltage errors caused
by non-periodic disturbances in real-time. Additionally, to suppress harmonic components such as the 5th, 7th, 11th, and
13th orders in the stator current, the ESO of current loop was modified by incorporating a quasi-resonance controller, forming a
quasi-resonance ADRC to reject these periodic disturbances. Simulation results demonstrate that the proposed method based on
quasi-resonance ADRC has good suppression ability for both periodic and non-periodic disturbances. Therefore, it significantly
enhanced the system’ s disturbance rejection capability.

Key words: permanent magnet synchronous machines (PMSM) ; active disturbance rejection controller( ADRC) ; quasi reso-

nant control(QR) ; anti-disturbance
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Multi-objective Optimal Design of Outer Rotor Joint Motor

SHEN Fengmei ', YANG Wei *
(1. Jiangmen Polytechnic. Jiangmen Guangdong 529000, China;

2. OPD Servo Motor&Energy-saving System Co., LTD., Jiangmen Guangdong 529000, China)

Abstract: This paper took the outer-rotor permanent magnet synchronous motor for robots as the research object. To reduce
costs and optimize motor performance, a type of outer-rotor permanent magnet synchronous motor with an unequal-segment Hal-
bach array hybridizing neodymium-iron-boron and ferrite was designed. Firstly, a 2D electromagnetic simulation model was es-
tablished via Maxwell, and response surface analysis was performed on the key parameters of the stator and rotor respectively to
narrow down the optimization range. Secondly, the objective function was established, constraint conditions and penalty mecha-
nisms were set reasonably, and the genetic algorithm was adopted for motor optimization simulation. Then, the motor perform-
ance and cost before and after optimization were compared, showing significant improvements in both aspects. Finally, a test
platform was built, and experimental comparison verified that the magnetic steel material cost of the Halbach array motor de-

signed in this paper was reduced by 19. 8% compared with that of the conventional motor. The research results of this paper

provide a good scheme and idea for the design method of joint motors for robots.

Key words: outer Rotor; halbach array; PMSM; multi-objective optimal design
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Research on a Novel Manufacturing Process for Axial-flux Motor Rotors

SHEN Yi, YI Hongqing, WANG Fei
(Shanghai MAGELEC Propulsion LTD., Shanghai 201801, China)

Abstract: Aiming at the problems of low processing efficiency, high production cost and difficulty in mass production existing
in the conventional manufacturing of dual-stator single-rotor axial-flux motor rotors, an innovative study on rotor manufacturing
process was carried out to improve production efficiency, reduce manufacturing cost. Analyzed the conventional process flow
and pain points. Refer to the manufacturing process raw material, proposed a novel process of compression molding, afterward
designed a dedicated compression mold and manufactured several samples with reasonable molding parameters. Carried the tests
of mechanical properties, thermal stability, dimensional, reliability, durability and motor performance. All the results show
that the rotors fabricated by the new process fully meet the design requirements. Compared with the conventional process, the
manufacturing time, raw material cost and production cost were all significantly reduced. The new process effectively solved the
pain points of the conventional process and greatly improved mass-production efficiency and product consistency. It provided an
engineering-feasible technical solution for manufacturing of axial-flux motor rotors.

Key words: axial-flux motor; dual-stator single-rotor; rotor process; rotor manufacturing; compression molding
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Automatic Control Technology for Mechanical Response Frequency
of end Effector of Intelligent Inspection Robot

MA Yunong
( Chongqing Chuanyi Automation Co., LTD., Chongqing 401121, China)

Abstract: The working environment of intelligent inspection robots is complex, and there are problems of adjustment lag and
large errors when facing the high-frequency response requirements of actuators and external disturbances. Therefore, this paper
proposed an automatic control technology for the mechanical response frequency of the end effector of intelligent inspection ro-
bots. Constructed a mathematical framework for the dynamics of end effectors based on a single degree of freedom oscillation
system, this architecture simplified the end effector as a mass spring damping system, and then calculated the mechanical re-
sponse frequency of the end effector; Input the mechanical response frequency into the incremental PID controller, and the sen-
sor converted it into a feedback signal. By establishing a linear mapping relationship between output displacement and output
force, combined with sensor feedback and power amplification, a closed-loop control loop was formed to achieve automatic con-
trol of the mechanical response frequency of the intelligent inspection machine and end effector. The experimental results show
that the mechanical response frequency error of the end effector is the smallest, and the response force is always maintained be-
tween SON ~ 60N, indicating a significant effect on the execution speed control. After application, this method can achieve fast
tracking and stable maintenance of response frequency.

Key words: intelligent inspection robot; end effector; mechanical response frequency; automatic control
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