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Design Optimization and Analysis of Radial-axial Flux-focusing
Permanent Magnet Propulsion Motor
SUN Mingyu, MA Kang, LIU Ye
( College of Electrical and Automation Engineering, Nanjing Normal University, Nanjing 210023, China)
Abstract; In order to improve magnetic load and torque density of permanent magnet motors, the radial-axial

flux-focusing permanent magnet propulsion motor was proposed, which could improve the motor torque output

capacity by using the flux-focusing ability of axially magnetized permanent magnets combined with Halbach

array permanent magnets. Aiming at this new type of motor, this paper studied its structural characteristics in

formance.

detail and analyzes the electromagnetic performance of the proposed motor structure using finite element.
optimized radial-axial overhang motors were simulated under no load and load conditions using the 3D elec-

Firstly, the traditional and overhang structures were compared and analyzed, and the symmetrical overhang

structure was optimized to further improve the torque characteristics. Finally, the initial radial overhang and

—_

=]

tromagnetic field model, the no load magnetic flux and the average torque are found to increase by 6% and

1.3% , and the torque pulsation is reduced by 0. 4% , which further verified the superiority of the motor per-
ture; torque characteristic

Key words: key words: radial-axial flux-focusing; permanent magnet propulsion motor; overhang struc-
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Study of Electromagnetic Torque of Limited Angle Torque
Motor and Hall Magnetic Field

ZHANG Enjing', PAN He’, ZHANG Shurong', LU Shujun', WANG Shun',

ZHOU Li', ZHOU Long', ZHAO Jing’
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2. The Second Military Representative Office of the Air Force Armament Department in Guiyang,
Guiyang 550000, China; 3. School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The permanent magnet cogging type central winding limited angle torque motor generally has a
small air gap, which can increase the amplitude of air gap and improve the torque output capacity. Accord-
ing to this advantage, through theoretical design and finite element simulation software, a kind of rotary di-
rect drive valve limited angle torque motor that meets the basically performance requirements was designed.
In order to restrain torque fluctuation and improve torque waveform, this paper analyzes the cogging torque
and output torque which may be affected by the magnetizing direction and the chute. According to the advan-
tages of linear Hall, such as its small size and good feedback signal linearity, linear Hall was selected to re-
ceive signals. And the influence of Hall position and eccentricity on the distortion rate of Hall waveform was
researched. The results show that the harmonic distortion rate was successfully reduced from the initial 4. 9%
to below 0. 1% after optimizing the Hall waveform, which has important reference significance in the field of
engineering research.

Key words: limited angle torque motor; torque fluctuation; linear Hall; eccentricity; Hall waveform dis-
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Optimization of Permanent Magnet Motor Rotor Structure Based
on Intensity and Magnetic Flux Density

HUANG Yishuai', LIANG Zhihong”, LI Fei', WANG Haibo’, SU Sen*
(1. Ningxia Power Co., LTD., National Energy Group, Yinchuan 750011, China;

2. Guizhou Power Co., LTD., National Energy Group, Guiyang 550081, China;
3. Guoneng Ningxia Lingwu Power Generation Co., LTD., National Energy Group, Lingwu Ningxia
751400, China; 4. Huachi Kinetic Energy Beijing Technology Co., LTD., Beijing 101111, China)

Abstract: As the core component of the energy storage flywheel, the rotor of permanent magnet motor needs
to have high magnetic properties and meet the requirements of material structure strength. To solve this prob-
lem, a comprehensive scoring method was used to measure the electromagnetic and mechanical characteris-
tics of the motor rotor. Through the optimization scheme of 16 combinations of five factors and four levels,
adjusting the structure parameters of the rotor core of the motor, the main and secondary sequence of factors
and the optimal combination were obtained. The test results show that the maximum stress of the rotor is re-
duced from 407. 8 MPa to 325. 9 MPa, and the safety factor is 1. 227 times, which meets the design require-
ments of the rotor strength. In this paper, an optimization method of the rotor structure of permanent magnet
motor based on strength and gap density was proposed. The comprehensive index of the fundamental ampli-
tude and maximum stress of the rotor air gap density was optimized by comprehensive scoring method. This
method can solve the structural strength problem of high speed motor rotor with high power storage flywheel,
and provides a theoretical solution.

Key words: motor rotor; structural optimization; optimization experiment; air gap magnetic density; maxi-

mum stress
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Sensorless Control of Vernier Motor Based on Improved
Super-twisting Sliding Mode Observer

XIONG Kai, ZHANG Wei
( College of Elecirical Engineering , Zhejiang University, Hangzhou 310007, China)

Abstract; For the position sensorless control of a vernier motor, this article analyzed the magnetic field and
points out that the vernier motor generates multiple working harmonics through modulation, which required
vector control based on the synthesized back EMF. Meanwhile, due to the multipole structure of the rotor,
the accuracy requirements for position signals are more stringent during operation. Small position signal er-
rors can cause significant control angle differences. How to ensure the observation accuracy of the vernier
motor in sensorless control plays a crucial role in its operational performance. This article took an external ro-
tor split tooth vernier motor as the object, analyzed its operating principle, established a mathematical model
based on synthetic back EMF, and adopted a position free control strategy based on an improved super-twisit-
ing sliding mode observer to ensure the steady-state and dynamic performance of the sensorless control of the
vernier motor.

Key words: PMVM; synthetic back EMF'; sensorless control ; improved super-twisiting sliding mode observer
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Self-tuning PI Speed Control Based on Dynamic Forgetting Factor Recursive
Least Squares Method for PMSM

70U Jingye', ZHAO Shiwei' , CHEN Zhifeng’
(1. School of Eleciric Power, South China University of Technology, Guangzhou 510641, China;

2. Guangzhou City University of Technology, Guangzhou 510800, China)

Abstract; The self-tuning PI speed control of permanent magnet synchronous motor based on inertia
identification hadgood anti load disturbance performance, but the speed response would generate high-fre-
quency oscillation due to the influence of jitter in the inertia identification process. To suppress high-
frequency oscillations, a self-tuning Pl control strategy based on dynamic forgetting factor recursive least
squares inertia identification was proposed. Firstly, constructed a dynamic forgetting factor in the form of an
exponential function, analyzed its law of following the variation of identification error, and used it for moment
of inertia identification. Then, the “oscillation index method” was used to design the PI parameter tuning
formula, and self-tuning PI control was carried out in conjunction with the DFFRLS inertia identification
process. The simulation and experimental results show that the improved DFFRLS effectively reduces the
jitter amplitude of the identification inertia; the proposed ST-PIC speed control strategy effectively suppresses
high-frequency oscillations while ensuring high-performance speed response.

Key words: permanent magnet synchronous motor; self-tuning PI control; inertia identification; recursive

least squares method; dynamic forgetting factor
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Research on BLDC Control Based on Parametric
Autotuning Fuzzy PID

ZHANG Wei, LI Xintao, WANG Ruyuan, YANG Hui, LI Mingyi

(School of Electronic and Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030000, China)

Abstract: A speed control system based on parameter self-tuning fuzzy PID control was designed to solve the
problems of low control accuracy and poor effect of traditional PID control in the speed control system of
brushless DC motor. The brushless DC speed control system was modelled in Matlab/Simulink simulation
software, and traditional PID control, fuzzy PID control and parametric self-tuning fuzzy PID control were
used to regulate the speed loop respectively, while PID control was used for the current loop. The results of
the comparative study revealed that the speed control system using parametric self-tuning fuzzy PID control
has many advantages. The overshoot of the system is smaller and the control effect is better, while the ro-
bustness of the system was improved. Through building models and conducting simulation experiments, it is
demonstrated that the speed control system using parametric self-tuning fuzzy PID control has advantages in
solving the problems of low control accuracy and ineffectiveness of the brushless DC motor speed control
system. This method can effectively improve the control performance of the system and enhance the
robustness of the system. This speed control system for brushless DC motors can operate stably and reliably to
meet the usage requirements.

Key words: brushless DC motor; parameter self-tuning; fuzzy PID control
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Abstract; To estimate the battle damage results of the UAV mechanical and electrical system, an method of
the battle damage estimation value was proposed with the improved EMD. Firstly, the typical battle damage
types and mechanism of UAV mechanical and electrical system were analyzed, and the estimation programme
was provided with data deep analysis. Then considering the adverse effect caused by the date end, the
improved algorithm with polymerization fitting expanding was added in the EMD arithmetic, combining the
improved EMD and singular value entropy, the battle damage state estimation value was proposed. Finally,

the numerical example was given, and the simulation results demonstrate the effectiveness of the propsed
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method in this paper.
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Control Strategy for Permanent Magnet Synchronous Motors Based on a New
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Abstract ; Aiming at the problems of speed overshoot, strong chattering and poor robustness in the traditional
sensorless vector control system of permanent magnet synchronous motor, a new full-order sliding mode
observer (NFSMO ) with a variable boundary layer segmentation function as the switching function was
proposed in the position loop and a fuzzy control module was introduced to achieve adaptive adjustment of the
boundary layer of the new switching function, so that the high frequency jitter problem of the system can be
effectively weakened and the rotor position observation accuracy was improved. Secondly, a new convergence
law combined with an improved extended state observer (IESO) was proposed in the speed loop as a new
speed sliding mode anti-disturbance controller (NSMDC) , which combined the maximum torque-to-current
ratio (MTPA) fitting module to effectively reduce the influence of disturbance errors on the system and
improve the steady state performance. Simulation results show that the new dual-sliding-mode control method
is not only effective in improving the sliding-mode jitter of the system, but also has better immunity and
stability than the conventional method.
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Research and Application of Gearbox Oil’s Influence on Generator

SHI Shengjie, LI Yanhui, LI Feifei, HE Haitao
( Beijing Goldwind Science & Creation Windpower Equipment Co., LTD., Beijing 100176, China)

Abstract: The generator and gearbox of the medium-speed permanent magnet wind turbine are highly
integrated , sharing the high-speed shaft and end cover. If the seal of the end cover fails, oil and oil mist will
enter the generator. Since the life of the end cover seal has not been verified by long-term aging, it is urgent
to study the influence of oil and oil mist on the insulation and anti-corrosion of the generator winding. How-
ever, the environmental conditions such as the amount of oil leakage of the gearbox cannot be quantified.
Therefore, in the process of research, conventional test items were used to improve the test severity level ,
and the generator insulation and anti-corrosion oil resistance test method of “high temperature and long time
oil film + high temperature and long time oil immersion” was proposed. The oil mist resistance test of the
system-level anti-corrosion system of the generator insulation was completed, which provided an important
basis for the reliability design of the generator.

Key words: medium-speed permanent magnet generator; wind turbine; insulation and anti-corrosion; oil
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Fault Diagnosis of Fan Bearing Based on
CEEMDAN-VMD Fusion Feature and SO-SVM

WANG Lei, LIU Guolong, YANG Lei, WANG Zhigiang, FENG Meng, YAO Xuelong,
BAO Hua, ZHANG Jianying, MA Xiangyang
( Ningxia Yinxing Energy Co., LTD., Yinchuan 750021, China)

Abstract ; Since fan bearings are prone to failure and vibration signal analysis is extremely effective for fault
diagnosis, this paper proposed a Complete Ensemble Empirical Mode Decomposition with Adaptive Noise
(CEEMDAN) and Variational Modal Decomposition ( VMD ) combined signal processing method. Firstly,
CEEMDAN was used to decompose the collected vibration signals into several Intrinsic Mode Function
(IMF) components, and the energy-weighted composite kurtosis index was used to screen IMF components
with obvious fault characteristics, and the signal was reconstructed. After that, the new signals were decom-
posed using VMD, and the energy ratio of each IMF after VMD decomposition was combined with the optimal
IMF component screened by the composite index of envelope entropy and envelope spectrum kurtosis to
construct energy entropy, sample entropy and approximate entropy for feature fusion. Finally, the fusion fea-
ture matrix was input into the Snake optimization algorithm ( SO) optimization support vector machine
(SVM) for recognition and classification, and multi-fault pattern recognition was realized. The simulation
results show that the diagnostic accuracy of this method is 98% for the detection of ten kinds of bearing dete-
rioration states. It provides a new way of fault diagnosis for fan bearing.

Key words: adaptive noise complete set empirical mode decomposition; variational mode decomposition;

SO-SVM algorithm ; rolling bearing
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Dynamic Path Planning Method of Motor
Drive Mechanism for High-voltage Circuit Breaker

HE Dawei', ZHANG Minghui', HE Baoying', DUAN Xiaohui', XU Jiayuan', JIN Yue’, LIU Yu'
g ying y
(1. Pinggao Group Co., LTD., Pingdingshan Henan 467001, China;

2. Henan Pinggao Electric Co., LTD., Pingdingshan Henan 467001, China)

Abstract; Compared with the traditional operating mechanism, the motor-driven operating mechanism has
simple structure and strong action controllability, which greatly improves the controllability and reliability of
the opening and closing operation of the circuit breaker. Aiming at the control method of motor-driven
mechanism, that is, the motion path method of the mechanism, this paper proposed a dynamic path planning
method of the motor-driven mechanism. Based on the established mathematical model between the motor
output shaft and the switch moving contact, the mathematical relationship between the optimal motion path of
the switch moving contact and the optimal output curve of the switch moving contact was derived. Finally, a
126kV motor-driven operating mechanism test platform was built, which was proved by the results obtained
from the test platform. Compared with the preset curve method, the dynamic programming method proposed
in this paper can effectively shorten the operation time and improve the mechanical life of the circuit breaker.

Key words: high voltage circuit breaker; direct motor drive; permanent magnet synchronous motor;

operating mechanism; dynamic programming
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Research Progress on Key Technology of Spherical Joints

XU Bohan, ZHANG Fan, ZENG Li, KOU Haijiang, ZHU Zhida, DIAO Xing
( Yangzhou University, Yangzhou Jiangsu 225009, China;)

Abstract ; Spherical joint is a kind of simple and compact structure, fast response, high precision single ball
rotor multi-degree-of-freedom motor, which has a broad application prospect in aerospace and aviation,
advanced medical equipment, intelligent robots and many other fields. Some key technologies of spherical
joints were analyzed and summarized, firstly, the driving principles and structures of some mainstream
spherical joints were classified, and the driving methods and technical characteristics of various spherical
joints were introduced; secondly, the main technical routes of the research on position detection were sum-

marized. Finally, based on the above discussion, the key technology development trend of spherical joint re-

Vol. 57. No. 2

search was analyzed, which provided a reference for the subsequent spherical joint research.

Key words: spherical joint; multi-degree-of-freedom motors; key technologies; development trends
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