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Compensation Method for Synchronous Generators With Three-phase
PWM Rectifiers

QIN Teng', MA Ruiqing', LIANG Jingzhi', FAN Ping'’
(1. School of Automation, Northwestern Polytechnical University, Xi’an 710129, China;

2. School of Mining and Coal, Inner Mongolia University of Science and Technology, Baotou Inner Mongolia 014010, China)

Abstract: In a PMSG-PWM power generation system composed of a permanent magnet synchronous generator (PMSG) and a
three-phase pulse-width modulated (PWM) rectifier, an increase in the harmonics of the current on the AC generation side oc-
curs due to the dead-time effect of the three-phase rectifier, which results in the zero-current clamping, so a pulse-width-modu-
lated dead-time compensation method for the unit power factor (UPF) was proposed by analyzing the dead-time effect. The
method obtains the AC-side voltage phase through the rotor position sensor, and then the AC-side voltage phase replaces the
phase current phase for polarity judgment without adding additional hardware circuits, which can avoid the influence of zero-
current clamping while compensating for the dead-time effect and accurately judge the current direction. Simulation and experi-
mental results show that the proposed pulse width dead-time method applied to the three-phase PWM rectifier of an AC genera-
tor can effectively reduce the AC-side current harmonics and meet the demand of unit power factor control under the variable
speed operation condition of the PMSG-PWM power generation system.

Key words: dead-time compensation; dead-time effect; zero-current clamping; unit power factor
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Predefined Time Tracking Control of Chaotic Systems
for Permanent Magnet Synchronous Motor

JIANG Bibo
(CNOOC Enertech Equipment Technology Co., LTD., Tianjin 300450, China)

Abstract: For permanent magnet synchronous motor (PMSM) drive systems with chaotic oscillations and parameter uncertain-
ties, this paper proposed a predefined time-tracking control algorithm that determines an upper bound of the stability time
through the controller gain. A predefined time disturbance observer was used to estimate the model uncertainty. A predefined
time tracking differentiator was proposed to estimate the derivatives of the virtual inputs, which solved the “complexity explo-
sion” problem of the traditional backstepping control. Then, a predefined time controller based on the predefined time disturb-
ance observer was proposed in the framework of the backstepping control. Through Lyapunov theoretical analysis, it is shown
that all signals in the closed-loop system were ultimately uniformly bounded, and the output tracking error can converge to a
small neighborhood of the origin within predefined time. Finally, the simulation results show that the control scheme proposed
in this paper can effectively suppress the chaotic behavior of the permanent magnet synchronous motor and ensure the fast track-
ing performance of the system with unknown parameters.

Key words: predefined time control ; permanent magnet synchronous motor; chaotic system; predefined time filter; uncertainty
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Researchon Dual-plane Vector Control of Five-phase
Permanent Magnet Synchronous Motor for UAV Rudder

ZHAO Xi, SHANG Junyun, CAO Kuan, LI Biao
(Xi’ an Institute of Aerospace Precision Mechatronic, Xi’an 710100, China)

Abstract: To address the stringent demands on motors used in UAV steering engines—requiring high power, substantial
torque, and exceptional reliability—a vector control strategy was explored for a drive system utilizing a five-phase permanent
magnet synchronous motor ( PMSM ). Established a five phase PMSM mathematical model in a natural coordinate system,
through Clarke and Park transformations, mathematical models in the two-phase and rotating coordinate systems have been de-
rived. Subsequently, a dual-plane vector control strategy has been designed, capable of concurrently controlling the fundamen-
tal and third-harmonic currents of the motor to optimize its performance. For the five phase SVPWM modulation method, the
traditional adjacent maximum two vector synthesis target vector will be accompanied by a third harmonic voltage. Therefore, an
improved adjacent four vector synthesis method was proposed to effectively suppress the associated third harmonic voltage by
controlling the fundamental plane voltage vector and its duration. A simulation model of a five phase PMSM vector control sys-
tem was built in Matlab/Simulink, and the algorithm was simulated and studied. Then a five phase PMSM experimental plat-
form was built for experimental verification, and the experimental results demonstrated the effectiveness and practical feasibility
of the algorithm proposed in this paper.

Key words: five-phase permanent magnet synchronous motor; dual-plane vector control; five-phase space vector pulse width

modulation( SVPWM) ; triple harmonic suppression
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Automatic Suppression of Torque Ripple in Brushless
DC Motors Under Integral Expansion State Observation

HUANG Xianzhi
( Chenzhou Technician College, Chenzhou Hunan 423000, China)

Abstract: Due to the weak stability of the operation process of brushless DC motors, when designing automatic suppression
methods for torque ripple in brushless DC motors, it is common to encounter poor suppression performance due to inaccurate es-
timation of motor torque state. A method for automatic suppression of torque ripple in brushless DC motors under integral expan-
sion state observation was proposed. By calculating the voltage equation, electromagnetic torque equation, and motor operation
equation of a brushless DC motor, a mathematical model of the motor was constructed. Based on this, the motor expansion state
model was constructed, and an integral expansion state observer was designed to estimate the motor torque ripple state. Based
on the estimated torque state value, the causes of motor torque ripple were analyzed, and corresponding suppression strategies
were designed. Through the above design, complete the design of an automatic suppression method for torque ripple of brush-
less DC motors. The experimental results show that the automatic suppression method for torque ripple of brushless DC motors
under integral expansion state observation has good suppression performance in practical applications.

Key words: integral type extended state observer; brushless DC motor; torque ripple; automatic suppression; suppression

methods ; method design
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Online Wave Recording Detection of Hydro-generator Set Faults Based on
Pulse Coupled Neural Network and Particle Swarm Optimization Algorithm

CHEN Yongxu, WAN Ke
(CHN Energy Dadu River Houziyan Power Generation Co., LTD., Kangding Sichuan 626005, China)

Abstract: Proposed an online fault recording detection method for hydroelectric generators based on pulse coupled neural net-
work and particle swarm optimization algorithm, which could detect the working condition of hydroelectric generators in real
time, identify hidden anomalies, prevent serious faults, and ensure the smooth operation of hydroelectric generators. Using a
fault recorder to segment and record the electrical quantities before and after faults in a hydroelectric generator set at different
sampling frequencies as fault recording data, the particle swarm optimization algorithm was used to optimize the waveform of the
recorded fault recording data of the hydroelectric generator set with the goal of maximizing the SINR ('signal-to-noise ratio) , re-
ducing the influence of various external interference sources and noise; Using the optimized fault recording waveform as input
data for the PCNN network, a pulse coupled neural network was constructed. Based on the activation and release of the pulse
generator carried by the network neurons, information such as whether there is a fault in the water turbine, the type and severity
of the fault were determined, and online fault recording detection of the water turbine generator set was achieved. The experi-
ment shows that the application of this method can timely and accurately detect the types of faults in hydroelectric generators,
and has good performance in fault capture rate.

Key words: water turbine generator set; pulse coupled neural network; recording data; graying; fault detection; particle

swarm optimization algorithm
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Investigation of Multi-mode Operation Power Converter for
Axial-radial Flux Switched Reluctance Motor

SUN Meng', YU Zihan®, ZHANG Xiaoxiao’, YANG Hongwei', WANG Hanghang', YAN Yu', CAI Ketian'
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Abstract: Compared with the conventional switched reluctance motor (SRM), axial-radial flux switched reluctance motor
(ARFSRM) have the advantages of high power density and good torque performance. Conventional asymmetric half-bridge
(AHB) power converter is unable to realize the switching operation of the ARFSRM between three modes of operation; axial
stator mode, radial stator mode, and the mode of axial and radial stators connected in series. To this extent, a novel power con-
verter was proposed in this paper to realize the online switching of the three modes. Firstly, the topology of the novel power con-
verter and the operation strategies in three operation modes were introduced. Secondly, the novel power converter model was es-

tablished in Matlab/Simulink for simulation and analysis. Finally, experimental tests were carried out in a three-phase 12/10/

12 ARFSRM, which verified the validity of the novel power converter drive system.

Key words: switched reluctance motor; power converter; multi-mode operation; axial-radial flux
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High Power Density Permanent Magnet Synchronous
Motor Design Based on Stator Splicing

7ZHU Longfei, YIN Shuai, CHEN Sisi, GAO Linfei

(National Engineering Research Center for Rare-earth Permanent Magnet Motors,

Shenyang University of Technology , Shenyang 110870, China)

Abstract; Aiming at the problem that the saturation of the stator core limits the further increase of the power density of conven-
tional motors with strict size constraints, this paper put forward a design scheme of spliced stator motor made of iron-cobalt alloy
and silicon steel with high saturated magnetic performance, tested the magnetic performance of iron-cobalt alloy core processed
by the stacked annealing process, and sumed up the magnetization performance curve of this material, and put forward the vari-
able coefficient loss model for iron-cobalt alloy on this basis. Took a prototype motor with rated power of 2. 1kW as an example,
established a finite element model of adopting iron-cobalt alloy and iron-cobalt alloy spliced silicon steel for the stator, and car-
ried out finite element simulation on the model with output torque and loss as the performance indexes, and then calculated the
overload performance and power density of the common silicon steel material and the splicing scheme. The results showed that
the iron cobalt alloy and silicon steel spliced stator motor scheme improved the rated power density and peak power density by
17.02% and 45.32% , respectively, compared with that of the ordinary silicon steel motor, which verified the reasonableness

of the motor design scheme.

Key words: high power density; iron-cobalt alloy; splicing composite stator
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Research on Cogging Torque Reduction Method of Axial-flux Reverse-saliency

Permanent Magnet Synchronous Motor Based on Twisted-stator Structure

ZHAO Xiaokun', ZOU Xinpeng', GUO Qichao', ZHU Liangkuan®
(1. College of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China;

2. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: The axial flux permanent magnet synchronous motor has the advantages of compact structure, lightweight, and small
axial dimension, but it has the problems of narrow speed regulation range and large torque fluctuation. To broaden the range of
constant power speed regulation, this paper proposed an 8-pole, 48-slot axial flux reverse-saliency permanent magnet synchro-
nous motor by arranging the permanent magnets and magnetic bridges alternately. To address the problem of large cogging
torque of the axial flux reverse-saliency permanent magnet synchronous motor, the cogging torque of the motor was firstly calcu-
lated analytically by using the magnetic field energy method, and then the influence of the twisted-stator structure on the cog-
ging torque was analyzed according to the calculation results. The structure of the motor was optimized by adjusting the twist an-
gle. The finite element simulation results show that after optimization, the amplitude of the motors air gap magnetic density fun-
damental wave was unchanged, and the cogging torque decreases by 66. 81% . The finite element simulation results verified the
effectiveness of the twisted-stator structure on the cogging torque weakening.

Key words: axial-flux reverse-saliency permanent magnet synchronous motor; cogging torque; magnetic energy method; twis-

ted-stator structure
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Simulation Study on Spray Flow Distribution And Heat
Transfer Effect of Oil-cooled Motor

HUNAG Yong'?, YAO Bowei'”, WANG Guodong'*, LIU Xing'”*, LAN Yuyong'*, FENG Changwei'”’
(1. Liuzhou Saike Technology Development Co., LTD., Liuzhou Guangxi 545005, China;

2. Liuzhou Key Laboratory of Electrified Powertrain Electronic Control, Liuzhou Guangxi 545005, China)

Abstract: The cooling of the motor has an important impact on the motor running, the improvement of efficiency and the im-
provement of reliability. For oil-cooled motors, the spray flow rate of the motor largely determines the cooling effect of the mo-
tor, and the appropriate spray flow rate needs to be selected according to the specific needs of the motor and cooling conditions.
This paper took a dual-motor hybrid special transmission as an example, based on Computational Fluid Dynamics ( CFD)
method, the simulation model was established by using FLUENT and shonDy software, to study the spray flow distribution and
heat transfer effect of oil-cooled motor. The results show that: with the increase of oil injection flow, the stator flow also increa-
ses, but the proportion of flow distribution in each region of the stator does not change much. As the temperature of the coolant
increases, the flow rate of the stator injection pipe gradually increases, the flow rate varies greatly from —-20°C to 60°C, and
the flow rate hardly changes from 60°C to 100°C ; The heat transfer coefficient of P1 motor is higher in most areas of the non-
welded end of the stator winding, heat transfer effect is better ; The heat transfer coefficient in part of the welded end of the
winding is low , heat transfer effect is bad; The heat transfer coefficient of the welded end and the non-welded end of P3 motor
winding is high, heat transfer effect is better ; The heat transfer coefficients of the core parts of P1 and P3 motors are high ,
heat transfer effect is better.

Key words: spray system; oil-cooled motor; flow distribution; heat convection; injection pipe
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Identification of Stator Single-phase Grounding Fault of
Hydro-generator Set Based on BES Improved VMD

HAN Yong, LEI Xiaobin, LIU Wei
( Wuling Power Corporation LTD, Changsha 410000, China)

Abstract ; Stator single-phase grounding fault is one of the main types of faults faced by hydro-generator sets. If it cannot be i-
dentified and handled in time, it may turn into more serious faults, such as stator phase-to-phase and turn-to-turn short circuit,
which threatens the operation safety of hydro-generator sets. Therefore, a research on stator single-phase grounding fault identi-
fication method of hydro-generator sets based on BES improved VMD is proposed. The VMD is improved by BES ( Vulture Op-
timization Algorithm) to optimize the key parameters of VMD. The improved VMD is used to decompose the stator single-phase
grounding fault signal, calculate the energy characteristics, frequency characteristics and time-frequency characteristics of the
decomposed signal, obtain the fault signal characteristics, and calculate its correlation coefficient with the output voltage signal
characteristics of the stator winding of the hydro-generator set, so as to realize the effective identification of the stator single-
phase grounding fault. The test results show that the energy characteristics, frequency characteristics and time-frequency char-
acteristics of the stator single-phase grounding fault signal extracted by the proposed method are consistent with the actual char-
acteristic results, and the stator single-phase grounding fault judgment results are the same as the set operating conditions of the
hydro-generator set.

Key words: vulture optimization algorithm ( BES) ; fault identification; hydro-generator set; VMD; stator single-phase ground-

ing fault
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Mathematical Model Analysis and Optimization of Ironless
Permanent Magnet Linear Synchronous Motor
With Halbach Array for Middle and Low Speed Maglev Trains
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(1. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China;
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3. State Grid Quanzhou Power Supply Company, Quanzhou Fujian 362000, China)

Abstract: In order to facilitate optimization iterations of long primary Ironless Permanent Magnet Linear Synchronous Motor
(IPMLSM) and improve the efficiency of solving the parameters of this motor, this paper established a mathematical analytical
model with magnetic vector potential (MVP) based on the physical model of the motor and its multi-layer linear model. Firstly,
in the primary part of the motor, apart from the inductance of the effective part of armature, the discrete mathematical model
was used to model the arc end inductance of it. Then, comparing the the armature inductance of the motor calculated by the
model with the finite element analysis (FEA) method results and test, the correctness of the proposed model was verified. Fi-
nally, the model was combined with genetic particle swarm multi-objective optimization algorithm to optimize the motor design.
Key words: ironless permanent magnet linear synchronous motor; multi-layer linear model ; 3D modeling; multi-objective opti-

mization design
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Research on the Fast Calculation Method of Eddy Current Braking
Force Fornormal Conductive High-speed Maglev Train

DENG Chuyan', LIU Shuai’
(1. CRRC Technology Innovation (Beijing) Co., LTD., Beijing 100000, China;

2. CRRC Changchun Railway Vehicle Co., LTD., Changchun 130000, China)

Abstract: Eddy current braking is the main emergency braking method of the normal conductive high-speed maglev, eddy cur-
rent braking force calculation is an important part of the design of the normal conductive high-speed maglev train. At present,
the commercial software Ansys maxwell has the problem that maxwell2D calculation accuracy is insufficient, and maxwell3D
calculation speed is too slow. Aiming at the shortcomings of current commercial software calculation methods, this paper pres-
ented a rapid calculation method of 3D vortex braking force based on convection-diffusion equation. Periodic boundary condi-
tions were adopted based on Matlab to shorten the calculation model, then the magnetic field equation with moving items was
used to construct the stiffness matrix, and the Gaussian point migration of the convection term was corrected in combination with
the “onstream” finite element method. The selection of correction factors for the diffusion term was compared, and the optimal
correction scheme was obtained. Finally, magnetization curve is used to achieve nonlinear convergence, and sparse matrix is
used to achieve fast equation calculation. The calculation and verification were carried out based on the model of normal con-
ductivity high speed maglev eddy current brake. The calculation results of the proposed method were compared with those of
maxwell2D and maxwell3D respectively, and it was found that the calculation accuracy of the proposed method was significantly
higher than that of maxwell2D. The maximum calculation deviation compared with maxwell3D is no more than 10% . The calcu-
lation time is shortened by 85. 11% compared with maxwell3D, which makes up for the shortcomings of commercial software
calculation, and this method is very suitable for the rapid calculation of normal conductive high-speed maglev eddy current bra-
king force.

Key words: eddy current braking; maglev train; fast calculation; convection diffusion equation; finite element
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