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Magnetic Field Analysis of Spoke-type Machine With Near-pole Slots
Based on Improved Surface Current

CAO Jianghua', LIU Minhao', ZHAO Shiwei', ZHOU Zequn®
(1. School of Electric Power Engineering, South China University of Technology, Guangzhou 510641, China;

2. Miluo Branch of Yueyang Xiangneng Rural Power Service Co. , LTD. , Miluo Hunan 414400, China)

Abstract: Based on the equivalent magnetization concept, an improved Surface Current model was proposed for the air-gap
magnetic field calculation of near-pole slot Spoke-type permanent magnet motors. A non-equivalent surface current model was
introduced, which equivalently treated the Spoke rotor as a surface-mounted rotor, enabling the application of the conformal
transformation using the complex potential function to the magnetic field analysis of Spoke motors, this significantly reduced the
computational complexity. On this basis, the no-load and load magnetic field distributions of the motor were solved, and the
back electromotive force and electromagnetic torque, among other performance parameters, were obtained through post-process-

ing. Comparison with finite element simulation results verified that the proposed method achieves high accuracy in rapid motor

performance calculation and optimization design, proving its feasibility and effectiveness.

Key words: improved surface current; near-pole slot Spoke motor; conformal transformation
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Axial Magnetic Force Analysis and Variable Stiffness Structure Design of
Permanent Magnet Thrust Bearing
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Abstract: In order to analyze the axial force and stiffness characteristics of radial alternately magnetized permanent magnet
thrust bearings, finite element simulation is time-consuming and time-consuming. In this paper, a mathematical analytical mod-
el of radial alternately magnetized permanent magnet thrust bearings was established by using linear superposition principle and
virtual work principle. The model shows that the axial bearing capacity increases first and then decreases with the increase of
axial displacement, and there is a maximum bearing capacity. The axial stiffness decreases with the increase of axial displace-
ment. The accuracy of the model was verified by comparing the calculated results with the three-dimensional finite element
method. Finally, according to the requirements of ship operation, a permanent magnet thrust bearing with variable stiffness
structure was designed. The stiffness performance was analyzed, and the results show that compared with the traditional perma-
nent magnet thrust bearing, the proposed structure can effectively reduce the stiffness in the low load zone and improve the stiff-
ness in the high load zone, which is conducive to the stable operation of the ship.
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Optimization of Stator Structure for Intelligent Brushless
DC Motor for Door System

HOU Pinyang', LI Jie’, HUANG Juncai’
(1. Guangzhou Meiro Group Co. , LTD. , Guangzhou 510000, China;

2. CRRC Zhuzhou Locomotive Co. , LTD. , Zhuzhou Hunan 412001, China)

Abstract: This article focused on the quality case of the stator core I lamination peeling of an intelligent brushless DC motor
for a subway car door. From the perspective of design scheme and production process, the failure mechanism was analyzed and
explained, providing guidance for improving product quality. At the same time, in order to reduce quality costs, a technology
scheme for removing laminations from the motor stator core [[ and sealing the stator end with glue has been proposed. To verify
the feasibility of the scheme, three-dimensional simulation and performance testing tests were conducted for the motor stator
core ]I de lamination scheme; Conducted high and low temperature vibration testing and adhesive aging testing for the sealing
scheme of the motor stator end. After thorough testing, it has been proven that the technical solution will not affect the perform-

ance of the motor, and can effectively intercept the failure mode of iron core ]I falling, which can effectively improve the relia-

Vol. 58. No.5

bility of intelligent brushless DC motor applications.

Key words: intelligent brushless DC motor; stator; iron core peeling; design optimization
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Variable Switching Point Model Predictive Torque Control With
Torque Hysteresis of PMSM

WANG Chuanlong, GUO Yuhao, CHENG Shanmei
( Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The conventional finite control set model predictive torque control has the problem of large torque ripple due to the
limited number of voltage vectors and fixed action time. Usually, in order to reduce torque ripple, it is necessary to reduce the
duration of voltage vector action, but at the same time, it will lead to an increase in switching frequency. A variable switching
point model predictive torque control strategy for permanent magnet synchronous motors with torque hysteresis was proposed to
address this issue. This strategy moves the switching point of the vector, which was originally fixed at the beginning and end of
the control cycle, to the middle of the control cycle. It allowed the duration of the voltage vector action to be variable without
changing the control cycle, and calculated the duration of the action by appropriately setting hysteresis and the principle of
torque deadbeat to limit torque ripple. The experimental results show that this strategy can effectively reduce torque ripple.

Key words: variable switching point; torque hysteresis; model predictive torque control; permanent magnet synchronous mo-

tor
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Design of Fuzzy Sliding Mode Controller for Permanent
Magnet Synchronous Motor
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(1. School of Electrical and Automation Engineering , Nanjing Normal University, Nanjing 210023, China;

2. Suzhou Institute Biomedical and Technology Chinese Academy of Sciences, Suzhou Jiangsu 215163, China)

Abstract: Sliding mode control (SMC) has been widely used in the motion control of permanent magnet synchronous motors
(PMSM). A sliding mode controller ( FCSMC) combining improved convergence law and non-uniform state fuzzy was pro-
posed. To address the dynamic control problem of system convergence speed after improving the convergence law, non-uniform
fuzzy control was introduced to achieve dynamic changes in sliding mode convergence speed. This design method eliminates
speed overshoot, improves the response speed of the control system, and reduces chattering. Using a continuous and smooth
output sigmoid function instead of a discontinuous and non differentiable sgn function as the system switching method to reduce
system chattering.
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Short Circuit Fault Diagnosis and Fault-tolerant Control of Brushless
DC Motor Inverter for Oilfield Logging

YE Gao', YANG Jupeng’, LIANG Xiaobing’, FAN Xiuwei', LI Zicheng'
(1. School of Electrical and Information Engineering, Wuhan Institute of Technology, Wuhan 430205, China;

2. Logging Technology Research Institute, China National Logging Corporation, Beijing 100200, China)

Abstract: The inverter is an important part of the Brushless DC Motor (BLDCM). In order to ensure the continuous and relia-
ble operation of the motor in the oilfield logging process, it is of great significance to carry out fault diagnosis and fault-tolerant
control of the inverter. A short-circuit fault is a more serious fault than an open-circuit fault in a voltage inverter. Due to the
very short duration of the short circuit, the position of the short circuit fault switch is difficult to detect. In response to this is-
sue, this paper proposed a short-circuit fault diagnosis method for brushless DC motor inverter based on the phase current varia-
tion law according to the corresponding short-circuit protection circuit, and adopted the corresponding fault-tolerant control for
the faulty circuit. This method does not require a large amount of data information, and can realize the positioning of the short-

circuit fault switch within one commutation cycle after the short circuit. The simulation results demonstrated the effectiveness of
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the proposed diagnostic method.

Key words: brushless DC motor; oilfield logging; inverter short circuit; fault diagnosis; fault-tolerant control
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Torque Control Strategy of Switched Reluctance Motor Based on Active
Disturbance Rejection Sliding Mode

HAN Zijian', LI Xintao >, XUE Yaojun', SHI Lei >, WANG Bo'
(1. School of Electronic Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China;

2. Engineering Research Center of Heavy Machinery Ministry of Education, Taiyuan 030024, China)

Abstract: To address the issues of complex structure, poor speed regulation performance, and large torque ripple in traditional
Switched Reluctance Motor (SRM) systems, an improved torque allocation function control strategy based on self-tuning Sliding
Mode (SMC) was proposed. The sliding mode approach was used to replace the nonlinear state error feedback control law in
part, and a sinusoidal function was used to replace the linear type Torque Sharing Function (TSF). The structure and mathe-
matical model of the SRM were optimized. Through the simulation experiments under high-speed empty load and low-speed var-
iable load conditions, the simulation waveform diagrams of the traditional TSF-DITC and the improved SMC-ADRC were com-
pared, which showed that the proposed control strategy had better torque ripple coefficient and system response performance
than the traditional scheme, improved system robustness, and could effectively suppress the system’ s torque ripple. The feasi-
bility and effectiveness of the proposed strategy were verified.

Key words: switched reluctance motor; self-tuning sliding mode; torque sharing function; direct instantaneous torque control
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Sensorless Control of PMSM Based on Modified Strong Tracking
Unscented Kalman Filter

JIANG Xiuhong, MENG Junxu, WANG Miao, DENG Yong
(School of Electronic Information, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: To address the issues of diminished tracking capability and filtering divergence in traditional unscented Kalman fil-
ters( UKF) for sensorless motor control, an enhanced strong tracking unscented Kalman filter algorithm was proposed, integra-
ting a fading factor with Sage-Husa adaptive filtering technology ( SH-MSTUKF ). Initially, a fading factor was integrated into
the traditional UKF framework to enhance tracking performance; By incorporating a fading factor into the sigma points and em-
ploying singular value decomposition for their computation, computational complexity was reduced and algorithm efficiency was
optimized. Moreover, the integration of Sage-Husa adaptive filtering technology allows for adaptive adjustments to the system
noise covariance, thereby enhancing the motor’ s dynamic response at medium to high speeds. Finally, the algorithm’ s effec-
tiveness was confirmed through simulations and experiments. Compared to traditional UKF', the proposed algorithm significantly
enhances the system’ s dynamic response and robustness, reduces estimation errors, and effectively mitigates divergence during
the filtering process.
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DC Servo Motor Speed Control Method Based on Hybrid
Hierarchical Genetic Algorithm

JIA Yanrong', XU Manliang' , HOU Wei' , WANG Ziman®
(1. Shijiazhuang Haishan Industrial Development Corporation, Shijiazhuang 050208 , China;

2. Hebei University of Technology, Shijiazhuang 050208 , China)

Abstract: The DC servo motor system has the characteristics of multiple variables, nonlinearity, and strong coupling, which
increases the complexity and difficulty of the control method. To quickly adjust the motor speed and improve the motor control
response capability, a DC servo motor speed control method based on hybrid hierarchical genetic algorithm was proposed. Based
on the DC servo motor system model, analyzed the working principle and torque characteristics of the motor, and calculated the
motor transfer function; Based on the analysis results, a fuzzy RBF neural network PID controller was used to control the motor
speed, and the PID control parameters were adjusted by combining the transfer function calculation results to improve the real-
time adjustment requirements of the motor; To enable the motor to quickly respond to speed control, a hybrid hierarchical ge-
netic algorithm was used to optimize the parameters of the fuzzy RBF neural network, optimize the control effect, and meet the
control requirements under different operating conditions. The test results show that the motor speed control is below 0. 02 s,
and the overshoot of the DC servo motor speed control is below 2 r/min. There is no fluctuation during the control process, and
the motor speed control is completed smoothly. After control, the motor speed control error is within 25 r/min, demonstrating
the efficiency, stability, and accuracy of this method.

Key words: hybrid hierarchical genetic algorithm; speed control; parameter adjustment; fuzzy RBF neural network; PID con-
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Research on Reduced-order Switching Active Disturbance Rejection
Controller for Permanent Magnet Synchronous Linear Motor

RAO Huan, LIANG Wen, YANG Jingmin, ZHOU Quan
(School of Mechatronics Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: In response to the complex application environment and various disturbances faced by Permanent Magnet Synchro-
nous Linear Motors (PMSLM) in high-precision semiconductor packaging equipment, a Linear/Nonlinear Switching Active Dis-
turbance Rejection Control (SADRC) strategy has been proposed. First, the sine sweep method was used to obtain input and
output datasets, and system identification tools were employed to fit the transfer function of the system for simulation experi-
ments. Then, combining conventional Linear Active Disturbance Rejection Control ( LADRC) and Nonlinear Active Disturb-
ance Rejection Control (NLADRC) , an innovative switching-type Active Disturbance Rejection Controller (SADRC) was con-
structed. To address the phase delay issues caused by the conventional Extended State Observer (ESO) , Reduced-order Switc-
hing Active Disturbance Rejection Controller (RSADRC) was designed on the basis of SADRC, aiming to enhance the system”
s disturbance detection precision. Subsequently, for the nonlinear processing part of the controller, an Improved Reduced-order
Switching Active Disturbance Rejection Controller (IRSADRC) was developed. Simulation experimental data confirm that IR-
SADRC not only integrates the advantages of LADRC and NLADRC but also outperforms RSADRC and SADRC in motion con-
trol, achieving faster system stabilization, less overshoot, and stronger disturbance rejection capabilities, fully meeting the
standards of practical engineering applications.
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Analysis of Vibration Characteristics of Permanent Magnet Synchronous
Linear Motors With Different Fixed Modes

LIU Xiaomei', NIE Peilin', WANG Haoran'
(1. School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450001, China)

Abstract: To deeply analyze the impact of the rotor core fixation mode on the vibration of permanent magnet synchronous linear
motors, this paper comparatively examined the vibration characteristics of permanent magnet synchronous linear motors when the
rotor core was fixed using the dovetail groove fixation method and the bolt fixation method, respectively. Firstly, based on the
calculation of the normal force wave of the linear motor and without considering the influence of the end of the linear motor, the
main frequencies affecting the motor vibration were analyzed. Then, by employing the finite element analysis method of multi-
physical fields and combining the harmonic response analysis technique of the modal superposition method, the vibration accel-
erates were calculated and analyzed. Finally, an experimental platform was constructed to verify the correctness of the analysis
and simulation in this paper. The results indicate that under the dovetail groove fixation mode, the rigidity of the motor rotor
core is better, and the vibration acceleration is smaller under the action of the double-frequency load frequency.
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Design and Parameter Optimization of Wave-energy Magnetic Field
Modulated Permanent Magnet Linear Generator

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

Abstract: Magnetic field modulated permanent magnet linear generator improves the design point speed and electromotive force
of the motor by utilizing the magnetic modulation effect, thereby improving the power density of the motor, especially suit-able
for wave energy generation. Based on the design input, a dual-mover magnetic field modulated permanent magnet linear genera-
tor design scheme was completed, and the air gap magnetic field, static characteristics, open-circuit performance, and load
characteristics of the motor were analyzed and calculated using finite element method. The computational results demonstrate
the rationality and correctness of the design. In order to reduce the thrust fluctuation, the speed ratio, relative width of the

modulation unit, and thickness of the modulation unit were optimized, providing reference for the design of dual-mover perma-
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nent magnet linear generator.
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