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Optimization Design of Samarium-iron-nitrogen Permanent Magnet Assisted

Synchronous Reluctance Motor Based on Remanufacturing of Asynchronous Motor

LI Qingxu', LI Rui’, LIU Siming’, LI Yanchu'

(1. Tsinghua University, Beijing 100084, China; 2. Jiamusi Electric Motor Co., LTD., Jiamusi Heilongjiang 154004, China)

Abstract: Permanent magnet-assisted synchronous reluctance motors possess advantages such as high power density, high effi-
ciency, high cost-effectiveness, and a wide speed range. The permanent magnet materials commonly used are ferrite or neo-
dymium-iron-boron, and their processing factors limit the shape of the rotor magnetic barrier structure and the amount of perma-
nent magnet used. This paper proposed a design method for remanufacturing an induction motor into a samarium-iron-nitrogen
permanent magnet-assisted synchronous reluctance motor. By applying an arc-shaped magnetic barrier structure, the amount of
permanent magnet can be effectively increased and the structural stress can be improved, effectively reducing costs under the
same power and torque density. Through finite element analysis, a performance comparison was conducted between the original
induction motor, the remanufactured motor using neodymium-iron-boron permanent magnet material, and the samarium-iron-ni-
trogen permanent magnet-assisted synchronous reluctance motor. The results show that the application of samarium-iron-nitrogen
permanent magnet material, combined with optimized design of the rotor magnetic barrier structure, can effectively improve effi-
ciency compared to the original induction motor. Compared to permanent magnet motors using neodymium-iron-boron material ,
it can effectively reduce the cost of permanent magnets while achieving the same torque density, verifying the feasibility and ad-
vantages of remanufacturing an induction motor into a samarium-iron-nitrogen permanent magnet-assisted synchronous reluctance
motor, which has certain development prospects.

Key words: permanent magnet-assisted synchronous reluctance motor; asynchronous motor retrofitting; samarium iron nitride;

finite element; rotor structure optimization
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Surface Discharge and Charge Evolution Mechanisms at the
Gas-solid Interface of Motor Rotor Windings
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Abstract : Surface discharge along the gas-solid interface of motor rotor windings is closely linked to voltage parameters. To in-
vestigate the mechanisms of surface discharge and charge evolution under pulsed electrical stress, an experimental platform for
gas-solid surface discharge and a surface charge measurement system were developed. Initially, using square wave voltages of
different polarities at 5 Hz and 50 Hz, the statistical characteristics of surface discharge along the gas-solid interface of the
windings were experimentally studied based on a needle-plate electrode configuration. Subsequently, the surface charge distri-
bution on the composite insulating materials at the interface was measured across different discharge stages, revealing the spati-

otemporal evolution of the charge distribution. Based on these findings, the distribution and dissipation characteristics of surface

charges at the gas-solid interface were analyzed.

Key words: motor rotor winding; surface discharge; charge evolution mechanism
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Analysis of Lateral End Effects in Long Primary Linear Induction Motors
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( Department of Electromechanical Management, China Coast Guard Academy, Ningbo Zhejiang 315800, China)

Abstract: The transverse end effect exerts certain influences on the air gap magnetic field, electromagnetic thrust, and second-
ary eddy current losses of long primary linear induction motors. This study analyzed the impact of various motor parameters on
the transverse end effect, providing reference for parameter design of long primary linear induction motors. First, a mathemati-
cal model for lateral analysis of the long primary linear induction motor was established to derive analytical expressions for its air
gap magnetic field and electromagnetic thrust, analyzing the distribution pattern of the lateral air gap magnetic field. Subse-
quently, the accuracy of the electromagnetic analytical calculations was verified through 3D finite element simulation analysis.
Finally, taking the electromagnetic thrust and secondary eddy current loss without considering the end effect as the reference
values, the influence of each motor parameter on the transverse end effect was analyzed. This provides reference for the parame-
ter design of linear induction motors. It is indicated that when the transverse end width of the secondary mover is approximately
7/, this value serves as the optimal end width for the motor thrust under the influence of the transverse end effect.

Key words: linear induction motor; lateral end effect; air gap magnetic field; 3D finite element method
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Analysis of the Impact of Rotor Slotting on Air-gap Gas
Flow and Heat Transfer in Motors

WU Zijing
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)
Abstract: To optimizing the cooling structure of high-speed induction motors, investigate the influence of rotor slotting on the
gas flow and heat transfer characteristics in the air gap of high-speed induction motors. Three models were established: a
smooth air-gap model, a rotor with straight slots, and a rotor with skewed slots. Using Fluent software, the gas flow and heat
transfer under identical conditions were simulated. The study analyzed Taylor vortex theory, providing a theoretical foundation.
Results show that slotting on the rotor surface significantly disrupts gas flow in the air-gap, enhancing heat transfer. As the
skew angle increases, gas disturbance and heat transfer intensify. This research has important theoretical and practical implica-
tions for optimizing high-speed induction motor design, improving efficiency, and reliability.

Key words: motor air-gap; rotor skewed slot model ; fluent simulation; heat transfer enhance
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Position-sensorless Control of Permanent Magnet Motor Based on
Adaptive Improved Super-twisting Sliding Mode Observer

WANG Jingyi, ZHANG Jianzhong, HUANG Xu, WANG Ning, LI Guohua
(School of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract; The dual winding flux modulation (DWFM) permanent magnet motor incorporates two sets of armature windings with
different pole-pair numbers on the stator side and utilizes a flux-modulation ring to modulate the air-gap magnetic field. By fully
exploiting both the fundamental and harmonic magnetic fields, the motor achieves a high torque density. This paper first ana-
lyzed the flux-modulation mechanism of the DWFM motor and establishes its mathematical model under a centralized drive to-

pology. On this basis, an adaptive improved super-twisting sliding mode observer was proposed. Finally, the effectiveness of
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the proposed position-sensorless control strategy was validated through both simulations and experiments.

Key words: magnetic field modulation; super-twisting sliding mode observer; sensorless control
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PWM Frequency Current Harmonic Suppression of DTP-PMSM
Based on PFM Strategy

WANG Rui', YU Lei', HU Haolong', GENG Junjie', LIU Zhibo’
(1. State Key Laboratory of Deep-sea Manned Vehicles, China Ship Scientific Research Center, Wuxi Jiangsu 214000, China;

2. School of Electrical Engneering and Automation, Harbin Institute of Technology, Harbin 150000, China)

Abstract: The dual three-phase permanent magnet synchronous motor has the advantages of low torque fluctuation, high control
flexibility, large capacity, and excellent fault tolerance, and is suitable for scenarios with high power and high reliability re-
quirements. However, its harmonic subspace impedance is relatively small, and compared to three-phase motors, the problem
of current harmonics is more significant, especially the PWM frequency current harmonics generated by high-frequency switc-
hing operations. This article aimed to suppress PWM frequency current harmonics, and based on the periodic spread spectrum
modulation strategy, studied and analyzed the effects of different periodic spread spectrum functions, frequency modulation ratio
v, initial phase angle of the spread spectrum function, and spread spectrum width on the harmonic suppression effect. Built a
control system experimental platform and verified the effectiveness of the current harmonic suppression strategy based on period-
ic spread spectrum proposed in this paper through experiments.

Key words: dual three-phase PMSM; periodic spread spectrum modulation; harmonic suppression
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Improved High-frequency Injection Sensorless Control of SynRM
Considering Cross-coupling
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(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo Shandong 255049, China;
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Abstract: To address the issues of magnetic cross-coupling effects and filter-induced phase delays in high-frequency injection
(HFI) sensorless control of Synchronous Reluctance Motors (SynRM) , an improved HFI sensorless control strategy considering
cross-coupling was proposed. First, offline parameter identification was performed on the SynRM to derive the cross-coupling
factor for position error compensation. Second, a second-order generalized integrator (SOGI) was adopted to replace the tradi-
tional band-pass filters (BPF) and low-pass filters (LPF) used in pulsating HFT methods to extract the rotor position signal.
Simulation and experimental results verified that the proposed method effectively minimized rotor position estimation error and
reduced system delay.
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Robust Predictive Stator Current Control for Dual Three-phase Permanent
Magnet Synchronous Motors Based on Prediction Error Correction

FU Rong
(School of Physics and Elecirical Engineering, Weinan Normal University, Weinan Shaanxt 714099, China)

Abstract ; Finite control set-model predictive control directly selects voltage vectors and has become a research hotspot in motor
drive systems due to its advantages such as nonlinear constraint implementation through cost function. The dual three-phase per-
manent magnet synchronous motor ( DTP-PMSM) features advantages such as the high dynamic performance and high fault tol-
erance. The DTP-PMSM has become a research hotspot in academia due to its advantages such as high dynamics and high fault
tolerance. In the predictive current control of DTP-PMSM, parameters change caused by high temperature or nonlinear magnetic
circuit, resulting in decreased accuracy of stator current prediction and decreased bandwidth. To address this issue, this paper
proposed a stator current prediction model based on predictive error correction. The correction term of the stator current discrete
prediction equation was composed of the difference between the predicted stator current value and the sampled value at the pre-
vious control time, and the correction coefficient was used to adjust the amplitude of the compensation term.

Key words: dual three-phase permanent magnet synchronous motor; model predictive control; stator current control; predic-

tion errors correction
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Research on Feedback Current in Permanent Magnetic Motor Control System
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Abstract: This thesis introduced how to reduce motor output torque fluctuation by improve feedback current accuracy in Perma-
nent Magnetic Synchronous Motor (PMSM) control system. First introduced the important role of feedback current in PMSM in

control system, then analyzed the caused which led to feedback current deviation, and introduced the method of reducing feed-

back current deviation, at last the method of correcting feedback current is effective in PMSM by testing.
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Optimal Control of Static Excitation Directional Voltage for Hydroelectric
Power Plant Hydroelectric Generators

XU Yunfeng', JIANG Peng', ZHOU Jiangchen', MA Lincheng’, MA Peng’
(1. China Huadian Corporation LTD., Quzhou Wuxijiang Company, Quzhou Zhejiang 324000, China;

2. Xiamen Haso Electric Power Technology Co., LTD., Xiamen Fujian 361015, China)

Abstract: The strong coupling oscillations and transient energy stacking caused by the non smooth dynamic behavior of electro-
mechanical hydraulic systems at multiple time scales result in deficiencies in response speed and overshoot suppression when
regulating the static excitation system voltage of hydroelectric power plants. Therefore, this article designed a directional voltage
optimal control method based on inner loop proportional integral (PI) control and outer loop linear quadratic regulator (LQR).
After decoupling the active/reactive power, an inner loop control law was established through a PI controller to suppress current
oscillations caused by non smooth dynamics; Introducing LQR outer loop regulation to establish an outer loop regulation law, ef-
fectively addressing low-frequency oscillations caused by transient energy stacking; By using a weight adaptive allocation strate-
gy and dynamically integrating the inner and outer loop control laws, the optimal directional voltage control instruction was
formed. The experiment shows that this method can achieve millisecond level fast response and micro overshoot control under
both small and large disturbance conditions, and the directional voltage control results are highly consistent with the target val-
ue.

Key words: hydrogenerator; directional voltage control; robustness test; static excitation system; optimal control
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Experimental Study on Performance Improvement of Flat
Winding in AC Generators

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

Abstract: In response to the high-performance requirements of the automotive industry for automotive AC generators, the use of
flat wire windings can increase the slot filling rate of the stator core winding, thereby improving the performance of the AC gen-
erator. Compared to circular wire winding, flat wire winding has a 13. 75% increase in slot fullness and a 26% increase in
power density. After replacing the circular wire winding core with a flat wire winding core of the same size and specifications,
tests were conducted on its output characteristics, ripple, thermal balance, noise, and other aspects. Confirmed that the flat
wire winding can effectively increase power, with a 35% increase in power at the rated speed of the AC generator, and lower
ripple and noise compared to the round wire winding. Flat wire winding is superior to round wire winding in temperature rise
control for iron cores of the same size, with a temperature rise reduction of 16. 8 °C in thermal equilibrium state. The method of
replacing the circular wire iron core platform with a flat wire iron core of the same size is feasible, which can improve the output

power of the generator without increasing the volume and weight, and play a certain role in automobile lightweighting control and

energy conservation and emission reduction.

Key words: alternator; flat wire winding; current ripple; electromagnetic noise
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Fatigue Strength Analysis of Busbar Solder Joints in New Energy
Vehicle Drive Motors Based on Structural Stress Method

HU Yongfeng, LI Lixiang, SHI Junxu, YANG Bin
(Hunan CRRC Times Electric Drive Technology Co., LTD., Zhuzhou Hunan 412001, China)

Abstract: To address the fatigue reliability of busbar winding solder joints in new energy drive motors under complex vibration
conditions, this paper proposed a fatigue strength analysis method based on the structural stress method. Firstly, an assembly-
level finite element dynamics model was established, and the modal and acceleration responses of model were calibrated through
experiments to ensure the reliability of the simulation model. Subsequently, in accordance with the GB/T 18488 vibration
standard, the structural stress response of the solder joints under sweep frequency and random vibration loads was calculated.
Combined with the rainflow counting method and Miner’ s linear cumulative damage criterion, the fatigue life of the solder joints
was predicted. Finally, the bench vibration durability tests were conducted to validate the effectiveness of the proposed method.
The test results show high consistency with the simulation prediction results, verifying the accuracy and reliability of the analy-
sis method. This study provides an effective analytical approach for the fatigue strength analysis and structural optimization de-
sign of busbar winding solder joints in new energy drive motors.

Key words: new energy vehicles; drive motor; busbar solder joints; fatigue strength; structural stress method; vibration dura-
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