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Research on Torque Performance of Permanent Magnet
Assisted Reluctance Motor

AN Zhongliang, HAN Yuze

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

Shenyang University of Technology, Shenyang 110870, China)

Abstract: To enhance the torque performance of permanent magnet assisted reluctance motors, this paper proposed a hybrid
approach of adding auxiliary magnetic barriers and magnetic pole offset for a 6-pole 36-slot built-in “U” -shaped permanent
magnet assisted reluctance motor to increase the output torque of the motor, and reduce the torque ripple through asymmetric
design of rotor magnetic barriers. The finite element simulation results show that the optimized motor has a 4. 5% increase in
output torque and a 19. 76% decrease in torque ripple, indicating a significant improvement in torque performance. This veri-

fies the feasibility of the proposed scheme and provides a reference for the design and optimization of torque performance for

similar motors.

Key words: permanent magnet assisted reluctance motor; output torque; torque ripple
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Mechanism Model and Electromagnetic Characteristics of Axial
Three-phase SphericalBearingless Flywheel Machine

ZHU Zhiying'®, YANG Hangdong', XU Zheng'®, WANG Guangcheng', PENG Zigi'
(1. School of Electric Power Engineering, Nanjing Institute of Technology, Namnjing 211167, China;

2. School of Elecirical Engineering, Southeast University, Nanjing 210096, China)

Abstract: To address the starting torque dead zone issue in axial spherical magnetic levitation flywheel machines, a novel axial
three-phase spherical magnetic levitation flywheel machine based on axial three-phase topology and spherical magnetic pole de-
sign was proposed. The topology and operating principle of the machine were elaborated, and mathematical models of levitation
force and torque were established using the equivalent magnetic circuit method. A three-dimensional finite element analysis
model was constructed to simulate and analyze no-load characteristics, levitation performance, torque performance, and cou-
pling effects. The results show that the proposed structure maintains uniform air-gap flux density and self-decoupled magnetic
paths while effectively eliminating the starting torque dead zone through spatially staggered torque windings and overlapping con-
duction strategies, enabling continuous electromagnetic torque output with low torque ripple. Additionally, the levitation force is
increased by 37.95% compared to the two-phase structure, with levitation fluctuation kept below 5% .
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Fault Diagnosis of Unbalanced Vibration Caused by High-speed
Rotation of Motor Rotor of the Port Loading Machine

LYU Qiang, CHANG Rongpeng, WU Tong, LIU Minghao
( China Energy( Tianjin) Port Co., LTD., Tianjin 300450, China)

Abstract: The rotor of the port loading machine motor is prone to unbalanced vibration faults due to its own characteristics and
complex working conditions when rotating at high speed. Therefore, a fault diagnosis of unbalanced vibration in the high-speed
rotation state of the motor rotor of the port ship loader was proposed. Based on the basic structure and operating principle of port
loading machines, vibration sensors were used to collect vibration signals of the motor rotor. Based on the kinetic energy equa-
tion of the motor rotor, the phase space vector of the signal was obtained, and the phase space of the vibration signal was recon-
structed by combining the embedding dimension of the signal. Using the waveform factor of the vibration signal to obtain the en-
ergy coefficient spectrum of the binary decomposition signal, the periodic graph direct calculation method was introduced to mine
the signal power spectrum, which was used as the characteristic parameter of the motor rotor imbalance fault. Based on this, a
multi-level fault diagnosis model was constructed, and the degree of rotor imbalance fault was output by fitting the input with pow-
er spectrum features. Comparative experiments were conducted on the rotor unbalance fault test bench, and the results showed
that the proposed method can accurately diagnose rotor unbalance vibration faults with a misdiagnosis rate of less than 20% .

Key words: port loading machine ; motor rotor; high speed rotation state; unbalanced vibration fault; fault diagnosis
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Speed Control of Linear Induction Motor Model Prediction
Based on Load Observer

YAO Xing, ZHAO Jinghong, YAN Sinian
( Naval University of Engineering, Wuhan 430074, China)

Abstract: Addressing the inherent limitations of traditional PI control in linear motor speed regulation systems, this study fo-
cused on a linear induction motor ( LIM) applied in rail transportation and proposed a composite control strategy that integrates
model predictive control (MPC) with disturbance observation technology. In this strategy, model predictive control was adopted
in the speed loop, treating the motor as a multi-input multi-output system, which effectively enhanced the system robustness
and dynamic response performance. To further suppress the influence of load disturbances on control performance, a load ob-
server was introduced for the linear induction motor, improving the system$ disturbance rejection capability and control accura-
cy. Additionally, an anti-windup mechanism was incorporated into the current loop PI control to mitigate the adverse effects of
integral saturation. Simulation results demonstrate that the proposed composite control strategy exhibits nearly no overshoot un-

der variations in speed and load, rapid response, strong anti-interference ability, and satisfactory reference tracking perform-

Vol. 59. No. 2

ance of the observer.

Key words: linear induction motor; model predictive control; Load observer; anti-integral saturator
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Failure Threshold-aware IVY Optimization for Regenerative
Braking Control Strategy

SU Haohui, ZHANG Xin, CHEN Yulin
(School of Automotive and Transport, Shenyang Ligong University, Shenyang 110159, China)

Abstract: During the braking process of electric vehicles, the motors power generation capability weakens in low-speed seg-
ments, often leading to regenerative braking failure and motor energy-dissipation braking, forming a dynamic low-speed thresh-
old boundary for regenerative braking failure. To address the dynamic characteristics of this failure boundary, this paper pro-
posed an adaptive failure threshold control strategy. A new regenerative braking triggering condition was designed based on the
relationship between the feedback terminal voltage and battery voltage, combined with dynamic adjustment of motor braking
torque via motor-induced current to reduce energy loss in low-speed segments. To further enhance energy recovery efficiency
while ensuring braking performance, this paper improved the front/rear axle braking force distribution curve. A fuzzy control
method was adopted to achieve intelligent allocation of regenerative braking force, and the Ivy algorithm was employed to opti-
mize fuzzy membership functions. Simulation results under WLTC and CLTC_ P driving cycles demonstrate that the proposed
strategy significantly improves energy recovery efficiency, effectively suppresses regenerative braking failure and motor energy-
dissipation braking, and validates the feasibility and superiority of the proposed method.
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Deadbeat Predictive Current Control of Permanent Magnet Synchronous
Motors Fed by Current Source Inverters
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Abstract: As to the high order and strong coupling characteristics of current source inverter ( CSI) fed permanent magnet syn-
chronous motor (PMSM) systems, a delay-compensated deadbeat prediction current control (DPCC) strategy was proposed in
this paper in order to implement high-performance current control and smooth operation of the motor. The algorithm eliminated
the need for capacitor voltage feedback, got rid of voltage sensors, and consequently simplified the computational framework.
Meanwhile, the proposed method can reduce the impact of digital control delays on system performance. The designed control
strategy was verified by test results of a 48V PMSM drive system.
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A Design of High-precision, Low Temperature Drift LVDT/RVDT
Signal Digital Demodulation Circuit

HU Zhi
(Lianyungang Jerry Electronics Co., LTD., Lianyungang Jiangsu 222006, China)

Abstract: This paper proposed a digital demodulation circuit design scheme based on second-order servo control theory to ad-
dress the current shortcomings of low conversion accuracy and large temperature drift in LVDT/RVDT sensor signal demodula-
tion circuits. This scheme adopted a closed-loop control architecture, which preprocessed the sensor output signal through a sig-
nal conditioning circuit. The error detection circuit compared the input signal with the feedback signal in real time, and ampli-
fies the weak error signal to an appropriate level through an error amplification circuit. The phase sensitive demodulation circuit
realized phase sensitive detection of signals, the integrator completed the integration operation of the signal, the voltage con-
trolled oscillator generated pulse signals of corresponding frequencies based on the integration result, and the reversible counter
counted the addition and subtraction of pulses. The entire control circuit was constructed based on JARI-10230 dedicated inte-
grated circuit, and a high-precision, low-temperature drift LVDT/RVDT signal digital demodulation circuit design had been
completed. The experimental results show that within the working temperature range of —55 °C to 125 °C, the conversion accu-
racy of this designed circuit reaches 0. 25 %o of FS, the linearity reaches 0. 122 %o, and the temperature drift coefficient rea-
ches 1. 8ppm/°C , which is significantly better than the traditional LVDT/RVDT signal demodulation circuit.

Key words: LVDT/RVDT signal; two closed loops control; high-precision; low-perature drift
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Adaptive-RCNN-based Sliding Mode Control for Transformer
DC Inner Loop Human-machine Interaction

ZHOU Zhanging' , LI Pengyao', FENG Shuming”, YANG Yongcheng’, CHEN Shumin
(1. State Grid Jiangsu Electric Power Co., LTD., Zhenjiang Power Supply Branch, Zhenjiang Jiangsu 212000, China;

2. Jiangsu Power Information Technology Co., LTD., Nanjing 210000, China)

Abstract: Due to the chattering phenomenon generated by transformers during high-frequency switching, the DC inner loop
control is difficult to reflect disturbance information based on the operating status of the transformer, resulting in a large average
fluctuation coefficient of the transformer output voltage and poor control stability. A transformer DC inner loop human-machine
interactive sliding mode control based on Adaptive RCNN was proposed for this purpose. Adopting the Adaptive RCNN network
model, the state characteristics of the transformer were captured through convolution operations, and disturbance recognition
was performed on the transformer to obtain disturbance data. Combining PID controller, design PID human-machine interaction
control structure, define sliding surface and control law on the interaction page, so that the controller can dynamically adjust
control parameters based on real-time state information and disturbance identification results, and achieve transformer DC inner
loop sliding mode control. The test results show that when using the proposed method to control the transformer, the average
fluctuation coefficient of the transformer output voltage is 0. 03, which has a relatively ideal control stability.

Key words: transformer; DC inner loop; human-computer interaction; sliding mode control; Adaptive-RCNN
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Current Sampling Resistance Fault Detection Method of Watt-hour Meter
Based on Improved SVM Algorithm and Filter

ZHANG Yongwang, LI Jian, ZHAO Binghui, ZHANG Ke, LI Jiajie
(Metrology Center of Guangdong Power Grid Co., LTD., Qingyuan Guangdong 511543, China)

Abstract: To effectively process data with nonlinear and high-dimensional characteristics and ensure the reliability of current
sampling resistor fault detection in electric energy meters, a fault detection method for electric energy meter current sampling re-
sistors based on improved SVM algorithm and filters was proposed. Input key current data into the support vector machine fault
prediction model, and utilize the models powerful processing capability for nonlinear data to detect faults in the current sam-
pling resistance of the energy meter; And introduce mutation operator to iteratively search for the kernel function of the optimal
support vector machine fault prediction function, and output the current sampling resistance fault type of the energy meter. The

experimental results show that this method can effectively preserve the key information of current sampling data, suppress noise,

Vol. 59. No. 2

quickly search for the optimal solution of the global kernel function, and distinguish different types of resistance faults.

Key words: improved SVM algorithm; filter; electricity meter; fault detection; mutation operator
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Analysis and Suppression of Current Ripple in Automotive AC Generator

GU Qiulin
(Zhejiang Dadongwu Automobile Motor Co., LTD., Huzhou Zhejiang 313000, China)

Abstract: To enhance the stability of the output current from the alternator, an analysis and study were conducted on the char-
acteristics of the current. Initially, an oscilloscope was employed to collect data on the ripple amplitude and frequency within
the operational speed range of the alternator. Fourier analysis was then conducted on the ripple data collected at different speeds
to gain a deeper understanding of the components and frequency domain characteristics of the ripple. Subsequently, through e-
quivalent calculations of capacitor capacitance and iterative calculations of capacitor charging and discharging speeds, suitable
capacitors were selected to form a filtering module for ripples with different characteristics. Finally, a test platform was estab-
lished, utilizing primary and secondary capacitor modules to perform secondary filtering on the DC ripple current rectified by the
alternator. The experimental results confirmed that the design of the primary and secondary capacitor modules effectively filtered

out high-frequency harmonics present in the current while reducing the peak of the fundamental wave. The amplitude of the cur-
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rent ripple was controlled to within 2% of the rated current, thereby enhancing the quality of the power supply.

Key words: automotive alternator; ripple current; filter capacitor; peak to peak; ripple frequency
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Application of Iron-based Amorphous Alloys In Automotive Drive Motors

LOU Jiongjiong, Kong Qingbo, ZHANG Shaohui, ZHANG Shuixing, FAN Yong
( Geely Automobile Research Institute ( Ningbo) Co., LTD., Ningbo Zhejiang 315300, China)

Abstract: The article compared the characteristics of iron-based amorphous alloys and silicon steel materials to demonstrate the
application advantages of iron-based amorphous alloys in the high-speed trend of automotive motors. Taking a certain automotive
drive motor as an example, through the reasonable selection of amorphous alloy strips, loss testing and parameter correction of
amorphous alloy stator cores, optimization design of automotive amorphous alloy drive motors, sample manufacturing and testing
of automotive amorphous alloy drive motors, and comparison of production costs between amorphous alloy motors and silicon

steel motors, it was demonstrated that iron-based amorphous alloys have great application prospects in automotive drive motors.
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Collaborative Control of Distributed Photovoltaics and Electric Vehicles
Connected to the Power Grid

QUAN Luyao, DONG Shaogiao, LI Yangman
( Economic and Technical Research Institute of State Grid Jibei Electric Power Co., LTD., Beijing 100038, China)

Abstract: To effectively improve the voltage stability and operational efficiency of the power grid, a distributed photovoltaic and
electric vehicle access grid collaborative control method based on GNDO algorithm was designed. By minimizing the voltage de-
viation of key nodes in the regional power grid, the voltage of distributed photovoltaics and electric vehicles connected to the
grid was stabilized within a preset fluctuation range. A collaborative control objective function was constructed, and multiple
constraint conditions were formulated. The GNDO algorithm was introduced, combined with gradient descent algorithm and
Newtons method, to solve the objective function, thereby achieving collaborative control of distributed photovoltaics and electric
vehicles connected to the grid. Experimental tests have shown that after optimizing the control using the method proposed in this
paper, the voltage curve of node 30 becomes smoother and more stable compared to before control. The fluctuation range was

significantly reduced, and the situation of voltage exceeding the limit of the node was significantly improved. It can effectively
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control the charging cost during peak electricity price periods and improve economic benefits.

Key words: GNDO algorithm; distributed photovoltaics; electric vehicles; collaborative control of grid connection
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