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Vibration Modal Analysis and Noise Suppression Methods for
Converter Transformers

CUI Wenxuan', ZOU Liang', HAN Zhiyun', ZHANG Zhaochen’; DING Xiaofeng’; WANG Jian*
(1. School of Electrical Engineering, Shandong University, Jinan 250061, China;

2. Tangshan Power Supply Company, State Grid Jibei Electric Power Co., LTD., Tangshan Hebei 063000, China;
3. School of Automation Science and Electrical Engineering, Beihang University, Betjing 100191, China;
4. North China Electric Power University, Beijing 102206, China)

Abstract: With the elevation of grid voltage levels and advancements in flexible transmission and distribution technologies,
high-power-density electromagnetic equipment such as micro-motors is prone to generating vibration noise due to the coupled
effects of magnetostriction, Lorentz force, and structural modal interaction. Converter transformer cores exhibit analogous issues
under multi-frequency harmonic excitation. Both equipment types share commonalities in their electromagnetic-mechanical-a-
coustic coupling mechanisms, rendering core vibration mechanism research pertinent for low-noise design of electromagnetic e-
quipment, particularly micro-motors. This paper first developed a multi-physics coupled finite element model that incorporated
the electromagnetic, mechanical and acoustic fields. mechanical, and acoustic fields. Engineering formulas and three-dimen-
sional simulations were employed to analyse the core’ s natural frequencies and their relationship with dimensions. Secondly,
modal analysis of the core and oil tank identifies key vibration zones; the top and ends of the upper yoke, the mid-section of the
core columns, and the upper and side walls of the oil tank. Finally, the noise reduction effectiveness of passive structures—in-
cluding circular epoxy resin positioning rings, core-to-oil-tank spacers, and magnetic shielding on the tank inner walls was eval-
uated. Results demonstrate that the coupled model accurately characterises structural vibration and acoustic field distribution,
while the proposed measures effectively reduce external sound pressure levels. This methodology and findings provide valuable
reference for vibration control and low-noise design in electromagnetic equipment such as converter transformers and micromo-
tors.

Key words: electromagnetic equipment; multiphysics coupling; modal analysis; noise suppression
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Strength Analysis of the Secondary Induction Plate Under the
Electromagnetic Force of Linear Motor
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Abstract: In metro vehicles propelled by linear motors, structural damage to the motor’ s secondary components due to insuffi-
cient strength severely compromises operational safety. This paper investigated single-sided short-primary linear induction mo-
tors applied to subway vehicles. By establishing an electromagnetic-structural analysis model for the linear motor, it examined
the distribution patterns of structural strength in the secondary induction plate under electromagnetic forces. Calculated yield the
total deformation, equivalent stress distribution, and equivalent elastic strain distribution of the motor’ s secondary structure.
Furthermore, measurements taken from the induction plates of actual operating vehicles on a domestic subway line demonstrate

that the test results are in good agreement with the finite element simulation results, validating the effectiveness of the proposed

methodology.
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Minimization Design of Motor Losses Considering the Effect of
Iron Loss Resistance

SHAO Feifei, WU Di, XU Depeng
( Shenzhen Casic Motor System Co., LTD., Shenzhen Guangdong 518107, China)

Abstract; In traditional permanent magnet synchronous motor (PMSM) designs, the impact of iron loss on armature current is
often ignored, resulting in deviations in copper loss evaluation and reduced design accuracy. To address this limitation, a cir-
cuit model incorporating equivalent iron loss resistance has been proposed to enhance design precision. First, the principles of
iron loss were analyzed, and a circuit model integrating iron loss equivalent resistance was developed. Second, the iron loss e-
quivalent resistance and armature current values were analytically calculated and compared with experimental measurements
from a prototype, validating the accuracy and practicality of the iron loss equivalent resistance method. Finally, a loss minimi-
zation objective function was established, and a collaborative optimization approach with armature current, iron loss equivalent
resistance, and winding resistance as variables was proposed to enhance motor efficiency. The results were compared with ex-
perimental data to confirm the method’ s validity. The results of the research can be used as a reference for the PMSM design.

Key words: PMSM; loss minimization; iron loss equivalent resistance; iron loss
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Direct Torque Control of DTP-PMSM Based on Master-slave Virtual Vectors

GAO Zhenhui', GUAN Xin®>, DU Jingyu’, LI yan'
(1. National Engineering Research Center for REPM Electrical Machines, Shenyang University of Technology,

Shenyang 110870, China; 2. School of Elecirical Engineering, Shenyang University of Technology, Shenyang 110870,
China; 3. Faculty of Engineering & Digital Technologies, University of Bradford, BD7 1DP, Bradford, UK)

Abstract; This paper addressed the significant torque ripple and high current harmonic distortion associated with conventional
Direct Torque Control ( DTC) of DTP-PMSM. An improved DTC strategy was proposed, incorporating a master-slave virtual
vector duty cycle allocation scheme. Virtual vectors were categorized into primary and secondary classes according to their rela-
tive influence on torque and flux linkage. By utilizing an evaluation function, the duty cycles of both the master and slave virtu-
al vectors were dynamically optimized to enable precise control of torque and flux. Simulation results demonstrate that the pro-
posed approach reduces the Total Harmonic Distortion (THD) of phase currents, effectively suppresses the 5th and 7th order
harmonics, and substantially reduces the torque ripple. As a result, both the dynamic response and steady-state performance of
the DTP-PMSM system were notably enhanced.

Key words: master-slave virtual vector; direct torque control; dual-phase permanent magnet synchronous motor ( DTP-

PMSM) ; duty cycle allocation
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Active Disturbance Rejection Control for Permanent Magnet Motors With
dq Axis Cross-coupling Controller Design and Analysis

WU Huatong, CHEN Zhihui

(School of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: To address the issue of reduced system control performance in permanent magnet synchronous motors under tradition-
al PI control due to the influence of internal parameter disturbances, an active disturbance rejection controller considering dg
axis cross-coupling was proposed. Based on the traditional ADRC, the current loop active disturbance rejection controller and
speed loop active disturbance rejection controller were designed to enhance the system’ s sensitivity to changes in dq axis mutual
inductance parameters. Simulation results show that compared to the traditional ADRC, the proposed improved active disturb-
ance rejection controller exhibits superior disturbance resistance when accounting for cross-coupling effects. Furthermore, under
conditions of significant mutual inductance, the controller’ s disturbance resistance was significantly enhanced, effectively ad-
dressing the issue of degraded dynamic response performance in traditional ADRCs when dg axis mutual inductance parameters
change.

Key words: permanent magnet synchronous motor; cross-coupling; active disturbance rejection control ; disturbance rejection
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Research on Active Short Circuit Minimum Current Surge Control
Strategy for Permanent Magnet Synchronous Motor

HE Junpeng, PEI Zhiyuan, SUN Ling, MENG Huibin
( Weichai Power Co., LTD., Weifang Shandong 261000, China)

Abstract: In permanent magnet synchronous motor (PMSM) drive system for vehicles, active short circuit (ASC) protection
function is usually triggered when malfunction occurs with high speed state of motor, to avoid generating significant impact on
power battery caused by high back electromotive force rectified by diode, and braking torque to affect vehicle’ s operation.
However, this method has the disadvantage of high transient current peak on the stator side of the motor, which can cause over-
current damage to the power devices easily. Mathematical models is established, and oscillation mechanism and characteristics
of dq axis current and torque are revealed in ASC state. ASC minimum current surge control strategy was proposed, and maxi-
mum phase current surge value was given, which could provide design basis for software and hardware. Finally, the correctness
of theoretical analysis was verified through simulation platform.

Key words: PMSM; ASC; oscillation surge; suppression strategy
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Research on Control Strategy of Aircraft APU Starter Motors

ZHAN Wang, LUO Geng, ZHOU Jiale, TANG Haoqi, LUO Keding

( National Engineering Research Center for Small and Special Precision Motors, Guizhou

Aerospace Linquan Motor Co., LTD., Guiyang 550081, China)

Abstract: A weak magnetic field control strategy based on voltage feedback was proposed to solve the problems of inadequate
high-speed performance and excessive high altitude starting time of the starting motor of the aviation auxiliary power unit under
conventional control methods. First, combining the APU’ s starting characteristics with the physical model of the permanent
magnet synchronous motor, the limitation of the conventional control strategy in the wide speed range was analyzed, and the
mechanism of torque attenuation in high-speed segment caused by voltage utilization saturation was pointed out. Secondly, a dy-
namic field weakening control architecture was designed, which adjusted the field weakening current component in real time ac-
cording to the motor terminal voltage, breaked the inverter output voltage limitation, and extends the high-speed controllable
range of the motor. In addition, combined with the speed segment control strategy, the low-speed segment used maximum
torque to current ratio control to raise starting torque, and the high-speed segment maintains power output through weak magnet-
ic field. Finally, the effectiveness of the proposed control strategy was verified on a 4 kW starter motor experimental platform.

Key words: aviation auxiliary power unit; starting motor; voltage feedback; flux weakening control
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Decoupling Control Technology of Complex Vector for High-speed
Permanent Magnet Synchronous Motor Under Variable
Gain Disturbance Conditions

DAI Chuangwei, WANG Xiao, HAO Yifan
( Shenmu Vocational and Technical College, Yulin Shaanxi 719399, China)

Abstract: Under variable gain disturbance conditions, high-speed permanent magnet synchronous motors exhibit dynamic slip
characteristics , which can easily generate dynamic poles and make it difficult to effectively control the motor. Therefore, a com-
plex vector decoupling control technology for high-speed permanent magnet synchronous motors under variable gain disturbance
conditions was proposed. Built a dual closed-loop control architecture, with the speed loop as the outer loop, and generate a
current reference value by processing the speed deviation through the speed controller; The current loop served as the inner loop
and received the reference value as input. Designed a complex vector decoupling controller based on the dual closed-loop con-
trol architecture, which dynamically adjusted the output voltage by introducing complex zeros to cancel out dynamic poles and a-
chieve decoupling of current. In response to variable gain disturbances, the gain was dynamically adjusted to estimate and com-
pensate for the disturbances in real time. The decoupled current signal was converted into three-phase voltage, effectively con-
trolling the operation of the motor. Experiments have shown that this method can converge current fluctuations within 0. 5 sec-
onds under variable gain conditions with sudden load changes, restore steady state within 1 second when inductance parameters
are mismatched, have no overshoot in speed response, small torque fluctuations, and strong robustness.

Key words: variable gain; disturbance conditions; permanent magnet synchronous motor; complex vector; decoupling control
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Multi-objective Optimization Method of Flux Distribution Uniformity of
DC Bias Closed Magnetic Circuit Voltage Transformer

TANG Xianmin', LI Jinyou', LI Hong®, WANG Junrong', LI Qiang’
(1. Measurement Center of Guizhou Power Grid Co., LTD., Guiyang 550002, China;
2. Ningxia Longji Ningguang Instrument Co., LTD., Yinchuan 750021, China)

Abstract: When the capacitance and inductance of the DC biased closed magnetic circuit change, resonance occurs, resulting
in a large excitation current in the voltage transformer, which seriously affects the uniformity of the magnetic flux distribution of
the voltage transformer. To this end, a multi-objective optimization method for the magnetic flux distribution uniformity of the
DC biased closed magnetic circuit voltage transformer was proposed. Analyzed the distribution of earth potential, set potential
boundary conditions, and calculated magnetic field strength as a uniformity optimization index. Calculated the comprehensive
error under DC bias and selected a resistance type DC isolation device to suppress DC bias; Calculated the displacement voltage
of the neutral point and selected a damping sliding resistor as the harmonic elimination device to suppress the ferromagnetic res-
onance of the voltage transformer. The optimization objectives were to minimize the deviation of the magnetic field strength in-
dex, reduce the comprehensive error of DC bias, and reduce the neutral point displacement voltage. By using the elite retention
strategy and the multi-objective optimization method of simulating binary crossover, the parameters of the voltage transformer
were continuously adjusted to achieve the optimal state of the magnetic field strength of the voltage transformer, realizing the
multi-objective optimization of the uniformity of the magnetic flux distribution of the voltage transformer. The experimental re-
sults show that during the operation of the voltage transformer, the amplitude variation range of the neutral point displacement
voltage is 70V, which improves the probability of uniform magnetic flux distribution and effectively reduces the generation of ex-
citation current.

Key words: excitation current; distribution uniformity; multi-objective optimization; DC bias; ferromagnetic resonance
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Dynamic Control Technology for Speed of Tobacco Shredding Machine for
Heating Cigarette Remanufacturing

HUANG Yukun
( Guangzhou Cigarette Factory, China Tobacco Guangdong Industrial Co., LTD., Guangzhou 510385, China)

Abstract: Due to the influence of the shear gap and coincidence degree of the heated cigarette reconstituted tobacco cutter on
the identification of motor transient information, the speed control becomes unstable, the driving motor current fluctuates signifi-
cantly, and the qualification rate of cut tobacco width is low. Therefore, a research on the speed dynamic control technology of
the tobacco cutting machine for heating cigarette remanufacturing based on Sliding Mode Observer (SMO) was proposed. By
transforming the state information of the cutter’ s driving motor through the d-q axis two-phase rotating coordinate system, transi-
ent identification parameters were set based on the state information. The transient information was accurately identified through
the rotor speed of the cutter’ s driving motor. Combined with the state matrix of transient current and rotor speed, SOM was
used to adjust the parameters of the winning neuron and iteratively complete the dynamic control of the cutter’ s speed. Experi-
mental results show that after sudden loading, the d-axis and g-axis currents of the driving motor reach a steady state within 6. 0
s and 2.0 s, respectively, and the qualification rate of cut tobacco width exceeds 85.0% . The control technology can be used
in actual production by increasing the pass rate through anti-sudden load.

Key words: SOM; remanufactured tobacco cutting machine; dynamic speed control; d-q axis two-phase rotating coordinate

system; transient information
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A Method for Selecting Assembly Tolerances of Different
Material Components Based on Abaqus

YANG Jia"?, WU Nan'?, QIN Zhuanli'’
(1. CRRC Yongji Electric Co., LTD., Yuncheng Shanxi 044502, China;

2. Shanxi Provincial Key Laboratory of Rail Transit Traction Motor, Yuncheng Shanxi 044502, China)

Abstract: In the design of motors for traditional rail transit systems such as electric multiple units and locomotives, steel mate-
rials are uniformly selected for rotor components like shafts and sealing rings. As these components belong to the same category
of metallic materials, their assembly tolerance design can be appropriately determined through theoretical calculations based on
design specifications and assembly principles, given their comparable material properties. However, under the lightweight de-
sign trend and application of new materials, when interference-fit components employ different material categories, it becomes
necessary to recalculate and verify their matching tolerances to ensure the assembly maintains consistent force transmission ca-
pability and structural reliability. By integrating theoretical calculations with Abaqus simulation verification, this method ena-
bled effective tolerance selection for novel material components in motor design. The first batch of prototypes manufactured u-
sing this approach has successfully passed type tests, with all mechanical performance indicators meeting design requirements.
This achievement validates the accuracy, practicality, and reliability of the methodology, demonstrating significant value for
lightweight optimization and new material applications in motor engineering design.

Key words: motor design; materials; magnitude of interference; MEA
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Research on the Kinetic Coupling Type Ultrasonic Electric Spindle Motor
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(1. Jiangsu hangi Electric Motor Co., LTD., Changzhou Jiangsu 213101, China;

2. Calierah Semiconductor Technology (Shanghai) Co., LTD., Shanghai 201203, China)

Abstract: To address the issues of complex structure and low reliability associated with traditional ultrasonic electric spindles,

which rely on external driving sources, this study proposed a kinetic coupling-type ultrasonic electric spindle without an external

driving source. This spindle harnessed the rotational kinetic energy of the motor rotor to generate electricity through electromag-

netic induction, and the generated electricity directly supplied power to the ultrasonic transducer. Via an automatic resonant

point tracking mechanism based on the sequence of “vibration sampling-intelligent PID regulation-speed control” , the spindle

achieved real-time matching with the resonant frequency of the ultrasonic transducer, ensuring optimal machining performance

under varying operating conditions. Experimental verification demonstrates that when this electric spindle is used for processing

dental implants, the Ra surface roughness value is reduced from 1.6 pm to 0. 8 pm.

Key words: electric spindle motor; ultrasonic electric spindle; kinetic energy coupling
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