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Decoupling Current Control of Permanent Magnet Synchronous
Motor Based on FTESO

WU Aomeng, ZHAO Shiwei
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract: In order to solve the problem that the inductance parameters of the permanent magnet synchronous motor are affected
by temperature and current during operation, the current decoupling control effect decreases, a current decoupling control meth-
od for permanent magnet synchronous motors based on finite-time extended observer (FTESO) was proposed. Firstly, estab-
lished the mathematical model of the permanent magnet synchronous motor (PMSM). Based on this, the shortcomings of linear
expansion state observer (LESO) were analyzed in detail, and the FTESO method was proposed to observe the lump disturb-
ance mainly based on the coupling voltage, in order to achieve decoupling control of the current loop and improve the dynamic
decoupling performance of the system. The finite-time convergence performance of FTESO was proved based on the finite-time

convergence theorem. Finally, the simulation verified that the proposed method has a better decoupling effect compared with

Vol. 58. No. 11

LESO.

Key words: permanent magnet synchronous motor; current decoupling; finite-time stability; extended state observer
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Vibration Suppression Strategy Based on Stator Current Fuzzy
Adaptive Feedback

PENG Renyong', WANG Zhaosu', TANG Qipeng’, HE Yinuo®
(1. National Key Laboratory of Nuclear Reactor Technology, Nuclear Power Institute of China, Chengdu 610213, China;

2. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A oscillation suppression strategy based on stator current fuzzy adaptive feedback was proposed to address the prob-
lem of mid to low frequency oscillations in three-phase induction motors under VI controlled light load conditions. This strategy
adopted a seven level fuzzy variable set to design a fuzzy controller, taking the stator active current oscillation component and its
error variation as inputs, dynamically adjusting the proportion and differential coefficient, and combining with a second-order
Butterworth filter to improve the accuracy of current signal extraction. The simulation results show that the proposed strategy sig-
nificantly suppresses speed and torque fluctuations, reduces overshoot to less than 20% of traditional PD control, and exhibits
good robustness under different operating conditions such as no load to 15% load variation. The research results have verified
the effectiveness of combining fuzzy adaptive feedback with second-order filtering for suppressing oscillation in VF control of in-
duction motors, providing a feasible solution for optimizing system stability.
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Inductance Identification Algorithm of PMSM Based on Inverter
Nonlinear Voltage Compensation

HE Junpeng, XU Yamei, GONG Fengjun, DU Huayi, DOU Fa
( Weichai Power Co., LTD., Weifang Shandong 261000, China)

Abstract: Nonlinear factors of the inverter such as dead time and switching characteristics of power devices can greatly affect
the identification accuracy while identifying inductance of permanent magnet synchronous motors (PMSM). To address this is-
sue, an inductance identification algorithm of PMSM based on inverter nonlinear voltage compensation was proposed. This algo-
rithm” s high-frequency square wave voltage in dgq coordinate system was injected, and an accurate mathematical model between
voltage, current, inductance, and nonlinear voltage of the inverter was established by quantitatively analyzing the impact of in-
verter nonlinear voltage on inductance identification. Then accurate inductance parameters can be identified with the mathemati-

cal model. Finally, the effectiveness and feasibility of proposed algorithm were verified through identification experiments of

three different motors.

Key words: PMSM; inductance identification; square wave injection; nonlinear compensation
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A DAB-based Voltage Ripple Suppression Strategy for Switched
Reluctance Generators

WANG Xi', REN Hongxia', ZHAO Wenli', CHANG Juan', FU Qianrao’
(1. Xi’ an Micromotor Research Institute Co., LTD., Xi’ an 710077, China;

2. Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract: Switched reluctance motors (SRG) have attracted more and more attention from the automotive industry due to their
cost efficiency, and because of their simple and robust structure, they can be directly coupled with high-speed gas turbines for
electromechanical conversion. However, the output current from the SRG has a high-speed pulsating waveform, which causes
the DC bus voltage to oscillate. Therefore, a relatively large DC bus capacitor is needed to meet the requirements of the DC bus
voltage and current ripple. Larger DC link capacitors increase the size, weight and cost of machine inverters. However, active
filtering of the source current can effectively reduce the DC link capacitance. This paper proposed an electrically isolated filter
based on a Dual Active Bridge (DAB) converter, intended for application between the DC bus of the rechargeable battery and
the inverter’ s DC bus. This filter attenuated the current ripple from the SRG, consequently reducing the bus voltage ripple.
Due to this feature, despite the additional losses in the DC-DC converter, the overall efficiency of the electric drive system re-
mains almost unchanged. Using the proposed control scheme, the voltage requirements of the automotive power supply system
are met. Therefore, based on the basic structure of the switched reluctance motor and the principle of power generation opera-
tion, this paper gave the excitation method and mathematical model of the motor, and used the relationship curve between the
rotor position, phase current, inductance and flux linkage to establish a switched magnetic. The non-linear model of the resist-
ance motor, using this model, a model of the switched reluctance motor power generation system was built, and the filtering
effect of DAB and the reduction of the bus voltage were simulated and analyzed. Studies show that active filters can reduce the
DC link capacitance by 80% .

Key words: switched reluctance machines; dual-active bridge converter; active filter; electric vehicles
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Optimization Control Technology of Constant Reactive Excitation
Regulator for GE Combustion Engine

ZANG Gang ', LI Yugiu >, FENG Congcong *, TAI Wei ', DING Guodong'
(1. SDIC Jineng ( Zhoushan) Gas Power Co., LTD., Zhoushan Zhejiang 316000, China;

2. Harbin Electric Machinery Co., LTD., Harbin 150040, China;
3. SDIC Power Holdings Co., LTD., Beijing 100034, China)

Abstract: In order to improve the control accuracy of GE gas turbine constant reactive power excitation regulator under the con-
dition of sudden load impact, the optimization control technology of GE gas turbine constant reactive power excitation regulator
was studied. Construct the control equation for the constant reactive power excitation regulator of GE gas turbine based on the
Proportional Integral Derivative (PID) control mechanism. Applied frequent itemset mining algorithms to screen frequently oc-
curring feature combinations and established a mapping relationship between optimization variables and excitation regulator con-
trol parameters. Selecting the reactive power deviation and voltage fluctuation standard deviation of GE gas turbine as the main
performance indicators, and combining with the Tianying optimization algorithm to iteratively update the optimization variables,
the optimization control of GE gas turbine constant reactive power excitation regulator was achieved. The experimental results
show that this method can still control the excitation current waveform to remain stable under conditions of rapid load changes;
At the maximum training set size, the overshoot of the frequent itemset method remains stable at around 1% , indicating a rela-
tively ideal control accuracy.

Key words: frequent item set; GE combustion engine; reactive power deviation; excitation regulator; optimal control
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A Novel Servo-drive High Voltage Disconnector and the Mechanical
State Evaluation Method

ZHANG Minghui, DUAN Xiaohui, HE Dawei, HE Baoying, XU Jiayuan,

HUI Yongfeng, TONG Shaocong, MA Yan
(Henan Pinggao Electric Co., LTD., Pingdingshan Henan 467001, China)

Abstract: High voltage isolation switch is one of the important electrical equipment in power system, and there are a large
number of them, the installation, commissioning and maintenance workload is large, and the failure rate is high. In order to
improve the safety, reliability and status evaluation ability of the high voltage isolation switch, this paper proposed a new type of
servo drive high voltage isolation switch and mechanical status evaluation method. The new servo drive mechanism adopted a
closed-loop servo control system to realize efficient drive and accurate control. At the same time, the servo system can also mo-
nitor the angle and current signal during the movement, which is conducive to the evaluation of mechanical status. On this ba-
sis, a comprehensive evaluation method of mechanical state based on dynamic time warping (DTW) and current integration al-

gorithm was proposed, and the mechanism state set consisting of normal, blocked, inactive and servo system anomalies was

Vol. 58. No. 11

studied. Experimental results show the effectiveness of the proposed method.

Key words: servo drive; high voltage disconnector; state assessment; dynamic time warping (DTW)
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Non Beat Control of Distributed Photovoltaic Power Distribution Network
Inverters Based on SVPWM Algorithm

LI Qingxi', SONG Zhuoran®, JIANG Shigong', DOU Wenlei’, WANG Yu®, LIU Zhongjian'
(1. State Economic and Technological Research Institute Co., LTD., Beijing 102209, China;

2. State Grid Liaoning Electric Power Supply Co., LTD., Shenyang 110006, China)

Abstract: The output voltage fluctuation of distribution network inverters is significant. To address this, a distributed photovol-
taic power distribution network inverter deadbeat control method based on SVPWM algorithm was proposed. Based on the oper-
ating characteristics of inverters in distributed photovoltaic power distribution networks, analyze the output power, established
the inverter body function, used SVPWM algorithm to determine the voltage vector of inverters in distributed photovoltaic power
distribution networks, synthesized the voltage vector, analyzed the operating state equation of inverters, introduced the transfer
function, and adjusted the operating state of inverters. Under the action of the deadbeat controller, the operating status of the
inverter was discretized to achieve deadbeat control of inverters in distributed photovoltaic power distribution networks. The ex-
perimental results show that the total harmonic distortion value of this method is 0. 04% in practical applications, and it can ef-
fectively control the fluctuation of the inverter output voltage.

Key words: SVPWM algorithm ; distributed photovoltaic power source; inverter; no beat control; controller; discrete process-

ing
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Optimization Design of Cogging Torque for Permanent Magnet Synchronous
Motor Based on Rotor Punch Shape

LI Zhiming' , ZHAO Guishu', DING Shuye', MA Zhengpeng’, ZENG Chengwei', YANG Renlong'
(1. School of Electrical and Automation Engineering, Nanjing Normal University, Nanjing 210023, China;

2. Jiangsu Zhongyi Hechuang Intelligent Technology Co., LTD., Taizhou Jiangsu 225300, China)

Abstract: Owing to its outstanding dynamic response, high control precision, and broad speed adjustment range, the perma-
nent magnet synchronous motor has been extensively applied in the servo domain. However, the cogging torque it generate can
affect the control accuracy of the servo. This paper proposed an optimization method to reduce the cogging torque from the per-
spective of the shape and size of the rotor lamination. Firstly, the principle of cogging torque generation was analyzed by the en-
ergy method, and the feasibility of this method was ana-lyzed from the principle. Then, for a 12-slot 10-pole spoke-type perma-
nent magnet synchronous motor, the influence laws of multiple structural size parameters of the rotor lamination on the cogging
torque were quan-titatively studied by the finite element method. Finally, multi-parameter optimization was carried out to deter-
mine the optimal size parameters. The results show that this method can significantly reduce the cogging torque of the motor
without affecting the no-load voltage of the motor.

Key words: cogging torque; rotor lamination; spoke-type permanent magnet synchronous motor; finite element method ; multi-

parameter
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Preliminary Design of 2-D Cross-section of a New Type of Double Stator
Permanent Magnet Spherical Motor

CHEN Qing
( Guangzhou City Polytechnicy, Guangzhou 511370, China)

Abstract: A new type of double stator multi-DOF permanent magnet spherical motor ( DS-PMSM) was proposed, which consis-
ted of two stators and a hollow rotor with PMs attached to its inner and outer surfaces. Through the joint action of the rotating
motor and six arc shaped permanent magnet linear motor arrays, it can realize the helical motion of continuously changing the
direction of the rotating shaft, and can be applied to fields requiring multi-DOF motion such as industrial robots, aerospace,
satellite communication. Considering that the spherical structure of the new motor has curvature in the circumferential direction
and the axial direction, the curvature in the circumferential direction corresponds to the preliminary design of the 2D cross-sec-
tion, and the curvature in the axial direction corresponds to the accurate calculation of the 3D model. The 3D accurate calcula-
tion of spherical motor is based on the preliminary design of 2D cross-section, so the preliminary design of 2D cross-section is
very important, especially for spherical motor with iron core. Firstly, the structure and working principle of spherical motor
were expounded in detail. Secondly, the 2D cross-section of the rotating part and the deflecting part were preliminarily de-
signed ; Finally, according to the simulation results of the above 2D model, the ideal 3D modeling and simulation calculation of
the spherical motor were carried out. The research results lay a foundation for the accurate calculation of the 3D model of the
subsequent motor, and provide some reference value for the design of this kind of spherical motor.

Key words: 2D cross-section; preliminary design; spherical motor; PM; curvature
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Design and Optimization Method of Rotor Core Strength

DING Chong', SHI Baoan®, YAN Qi’*, SU Sen’, PENG Long’
(1. Guangzhou Hengyun Energy Storage Technology Co., LTD., Guangzhou 510663, China;

2. China Energy Engineering Group Guangdong Eleciric Power Design & Research Instituie Co., LTD., Guangzhou
510000, China; 3. Huachi Kinetic Energy Beijing Technology Co., LTD., Beijing 101111, China)

Abstract: A comprehensive method based on parametric modeling, co-simulation analysis, and multi-objective optimization
was proposed for the strength design and optimization of the rotor core in flywheel energy storage systems. By establishing a 1/
8 symmetrical finite element model and combining statics simulation with fatigue life prediction, the mechanical performance of
the motor rotor under high-stress and high-frequency conditions was systematically studied. After identifying the key structural
parameters through sensitivity analysis, a performance prediction model was constructed using the response surface method, and
the variables such as the fillet radii R, and R, and the included angle A of the rotor core were optimized with the aid of a multi-
objective genetic algorithm. The results show that the optimized scheme reduces the maximum equivalent stress of the rotor core
by approximately 100 MPa, increases the fatigue life to five times the original value, and raises the safety factor by 32% . This

study provided a design reference for the multi-objective optimization of key components in rotating machinery such as flywheel

Vol. 58. No. 11

energy storage systems.

Key words: motor rotor core; strength design; optimization method; sensitivity analysis; response surface
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Research on Image Segmentation Method for Wind Turbine Wheel Hub
Unmanned Aerial Vehicle Inspection

LIU Yangguang, LAl Ruhui, LIU Botao, GUO Qiang, ZHANG Jiaming
(Datang Renewable Energy Experimental Research Institute Co., LTD., Beijing 100052, China)

Abstract: During the operation and maintenance of wind turbine hubs, there may be minor defects such as cracks and corro-
sion, which pose a high difficulty for visual inspection by maintenance personnel. Directly using drones to inspect images and
locate targets can also result in poor segmentation performance due to the inability to accurately obtain spatial position and chan-
nel information of the images. Therefore, in order to better address the difficulty of segmenting inspection images of wind tur-
bines obtained by drones, a target segmentation method for drone inspection images for wind turbine hub maintenance was pro-
posed. Build an image object segmentation model based on improved BiSeNet V2, using a dual branch structure including de-
tail and semantic branches to balance the accuracy and efficiency of image object segmentation. At the same time, integrated a
hybrid attention module to enhance the ability to capture subtle features, and used a bilateral guided aggregation layer to a-
chieve efficient fusion of deep and shallow features. Combined with a dynamic threshold loss function, improved the ability to
recognize small objects. The experimental results show that this method can clearly separate the main structure and its detailed
features of the wheel hub, accurately locate the boundaries, and has the advantage of strong adaptability to complex scenes.
The ablation experiment and comparative experiment further verified the effectiveness of each improved component and the supe-
riority of the model, with a target segmentation mloU of 83.2% and F1 score of 88. 6% .

Key words: wind turbine hub; UAV; inspection images; target segmentation; loss function; feature extraction
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Dynamic Power Flow Calculation Method for Wind Turbine Generators
Participating in the System Under Deep Neural Networks

LI Peng' , HUANG Wengi®, HOU Jiaxuan®, YU Shengcan®, ZHANG Bowen’, ZHANG Qing’
(1. China Southern Power Grid Co., LTD., Guangzhou 510000, China;

2. Southern Power Grid New Power System ( Beijing) Research Institute Co., LTD., Beijing 100000, China)

Abstract: The spatio-temporal uncertainty of wind power output can disrupt the deterministic balance relationship of “source-
grid-load” in traditional power flow calculation, which leads to qualitative changes in key dynamic behaviors such as voltage
stability and frequency regulation, making power flow calculation extremely difficult. Therefore, under the deep neural net-
work , a calculation method for the dynamic power flow of the wind turbine participating system was designed. The calculation of
dynamic control parameters for yaw of wind turbine units considering the randomness of wind direction, and the processing of
the pitch system of wind turbine units based on the second-order sliding mode controller, enabled the wind turbine units to have
the regulation ability in response to changes in wind conditions. Based on this, the deep neural network was improved to a-
chieve dynamic power load forecasting. The load forecasting results were taken as the input items of the hybrid genetic algorithm
to realize the participation of wind turbine generators in the dynamic power flow calculation of the system. The test results show
that the method proposed in this paper has an outstanding effect in improving the stability of the wind turbine participating sys-
tem. Moreover, after the application of this method, the voltage amplitude curve of the power system shows a more stable char-
acteristic, and the fluctuation is significantly reduced. This verified that the proposed method could improve the random fluctua-
tions of wind turbine units and demonstrates its practical value in enhancing the grid’ s capacity to accommodate renewable en-
ergy.

Key words: deep neural network ; wind turbine generator set; power system; dynamic power flow calculation
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Abstract: In response to the demand for high reliable and strong fault-tolerant motor system for aerospace and other fields, this
paper analyzed the fault-tolerant topology and control technology of multi-three-phase permanent magnet motor. It focused on the
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tor, strong robust fault diagnosis and normalized fault-tolerant control technology. Additionally, the motor passive fault-tolerant
design and active fault-tolerant control technology were discussed. The unified architecture and high performance model for the
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