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Calculation of Inductance Parameters of Brushless DC Motor
Under Bearing Fault

HUANG Haoran, ZHANG Bo
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract; In the field of aerospace, when the motor has bearing fault, it cannot be stopped immediately for
maintenance, and it needs to be operated in a short time. In order to solve the problem of quantifying bear-
ing faults during operation, the degree of bearing faults is expressed through changes in winding inductance.
The article analyzed the fault mechanism of rolling bearings and established an analytical model based on the
winding function method to calculate the winding inductance of bearing inner ring, outer ring, and rolling el-
ement faults according to the characteristics of different components of rolling bearings. A finite element
model was established to calculate the winding inductance of bearing cage faults. The results indicate that the

inductance of a brushless DC motor after bearing failure will be higher than the normal value and fluctuate ,

Vol. 56. No. 10

and its amplitude and frequency depend on the degree of bearing failure.

Key words: brushless DC motor; bearing failure; winding function method; winding inductance
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The Magnetic Field Analysis and Torque Calculation of a Dual-stator Motor
With a Yokeless Radial Ring

SUN Xianbei, CHEN Jinhua, CHEN Silu, CHEN Qingying, ZHANG Chi
(1. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of

Sciences, Ningbo Zhejiang 315201, China)

Abstract: A dual-stator permanent magnet synchronous motor was proposed. The rotor adopted a radial ring
structure, and there is no rotor yoke, which can reduce the rotor inertia and space ratio, increase the inner
stator space, and thus increase the torque density of the motor. First, the equivalent no-load magnetic circuit
model of the radial ring structure double-stator motor and the conventional double-stator motor was estab-
lished, and the magnetic flux of the permanent magnet working point of the two-structure double-stator motor
was obtained through the analysis and calculation of the magnetic circuit method, thus the back EMF and
torque constant were calculated. Secondly, two finite element simulation models of double-stator structures
were established, and their back EMF waveforms and torque constants were obtained through simulation to
verify the correctness of the magnetic circuit method. The simulation results show that the torque constant of
the motor which adopted a yokeless radial ring structure is 13. 7% larger than that of the conventional dual-
stator motor. Finally, a double-stator motor with a yokeless radial ring structure was developed and experi-
ments were carried out. The maximum error between the torque constant obtained from the experiment and
the finite element simulation was 3. 84% .

Key words: dual-stator ; radial ring; torque density; yokeless
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Abstract: According to the requirements of high overload, high response and miniaturization of a type of
guided artillery shell, this paper designed a dual-channel electric servo with a brushless DC motor as the
control object and a three-closed-loop feedback control system of current, position and speed as the control
strategy. Define motor customization requirements and design the reduction mechanism, and then the me-
chanical structure was optimized and designed to improve the performance of the equipment against high o-
verload. The GD32F407 was used as the main controller of the servo, and the drive circuit was a full-bridge
circuit composed of 1121365 three-phase bridge driver chip and MOS tubes. The test results show that the de-
vice has good speed following performance, the angular speed is greater than 240°/s, the adjustment time is
less than 70 ms, the band width is up to 18 Hz, the loading overshoot is 0. 25% , and the steady-state error

is <0.25°, which meets the design requirements.
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Research on the Influence of Ambient Temperature Change on the Operating

Characteristics of Brush Motor

CUI Guanghui, ZHANG Zhihua, CAO Kuan, MI Yongcun
(Xi’ an Aerospace Precision Electromechanical Institute, Xi’ an 710100, China)

Abstract : Motor is a kind of heterogeneous, composed of a variety of metal and non-metal materials with dif-
ferent temperature characteristics and expansion coefficient, so the sudden change of ambient temperature
will cause motor failure or even failure. In order to explore the influence of ambient temperature change on
the performance of permanent magnet brush DC torque motor, this paper took a brush DC torque motor as an
example, based on the temperature cycle screening test verification of different temperature variable rates,
established the analysis of test phenomena and the comparison of test data, and identified the influence of
ambient temperature change on the performance index of brush DC torque motor or the reliable operation of
the system. It provides some engineering practical value and theoretical basis for the program design of mili-
tary weapon equipment system.

Key words: ambient temperature change; brush motor; fault
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Analysis of Electrical Insulation Characteristics and Control Strategy of
Ultrasonic Motors and Friction Materials

ZHANG Wu', ZHANG Xiuli', SHI Yudi', CHEN Pingyi', LI Lu', QU Jianjun®, SHEN Tian'
(1. Xi’an Chuanglian Ultrasonic Technology Co., Lid., Xi’ an 710065, China;

2. Harbin Institute of Technology, Harbin 150001, China)

Abstract; Based on electrical insulation characteristics of ultrasonic motors, the friction material is identi-
fied as the main factor affecting the insulation characteristics of the motor. Analyzing the conductive mecha-
nism of friction materials , on this basis, the control strategy was proposed and the friction material was pre-

pared. The motors assembly verifies the effectiveness of the control strategy and provides reference for engi-

neering applications.

Key words: ultrasonic motor; friction materials; insulation characteristic; control strategy
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Position Sensorless Control Strategy of Brushless DC Motors
Based on Back EMF Moving Average Filter

SONG Kaiyuan, LYU Xiaodong
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2. State Grid Huzhou Power Supply Company, Huzhou Zhejiang 313000, China;
3. Zhejiang Provincial Key Laboratory of Electrical Machine Systems, Hangzhou 310027, China;
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Abstract: Aiming at the problem that the back EMF waveform of the BLDC motor will be seriously distorted
at low speed, a sensorless control strategy for the back EMF of the BLDC motor based on an improved mov-
ing average filter was proposed. Firstly, the back-EMF waveform at low speed was reconstructed offline by
Matlab, and the back-EMF waveform after using the mean filter was compared to verify the feasibility of the
theory ; secondly, the simulation comparison was performed by Simulink, which showed the superiority of the
method on commutation accuracy in the full-speed domain. Finally, the influence of design factors such as
window size selection and interruption time of the mean filter on the commutation accuracy was discussed in
depth, and the calculation amount was optimized. Simulink simulation and offline comparison prove that the
position sensorless control method proposed in this paper has good commutation accuracy and universal appli-

cability when the brushless DC motor runs at low speed, and has certain practical value.

Key words: brushless DC motor; position sensorless control; moving average filter; back EMF method
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Dynamic Modeling and Analysis of Steering Gear System Considering Friction

WANG Kanghao, WANG Ruhao

(School of Naval Architecture, Ocean & Civil Engeering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract; The missile electric steering gear system is a complicated transmission system. The friction effect
at the joints of the system will lead to the instability of the output motion and the distortion of the output
waveform, which will seriously affect the control accuracy of the rudder surface. The control problem of
steering gear system considering friction was studied in this paper. Firstly, based on the system constraint re-
lation and momentum theorem, a modeling method based on joint coordinates was presented. Then, based on
the analysis of the friction of the system, the joint friction was decomposed into constant terms, linear time
varying terms and nonlinear time varying terms, and the motion control of the steering gear system was de-
signed according to the active disturbance rejection method. The numerical results show that the controller

designed in this paper has better control performance.
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Variable Universe Fuzzy PI Control Algorithm for Reactive Power Compensator

in Multi Infeed AC/DC Systems

HUANG Haojun' , ZHANG Jian', ZHANG Di*, FAN Bing’
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Abstract; Reactive power in China is an important factor to ensure the quality of power supply. As a device
for reactive power compensation, the reactive power compensator should always maintain a good dynamic per-
formance , study the variable universe fuzzy PI control algorithm of reactive power compensator in multi infeed
AC/DC systems. Analyzed the reactive power characteristics of multi infeed AC/DC system, constructed the
admittance matrix of reactive power compensator, selected the grid stability margin index on the premise of
power balance, designed a fuzzy PI control algorithm through variable universe decoupling form, and realized
the compensation control of reactive power compensator. The experimental results show that the reactive pow-
er compensator can effectively compensate the voltage and current at the inductive load and capacitive load
sides, and can quickly complete the dynamic response when the inductive and capacitive loads are conver-
ted, so as to ensure the smooth operation of the power grid.

Key words: multi infeed AC/DC system; Pl control; reactive compensator; variable universe
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Adaptive Variable Inertia Control Method for Side Converter of Doubly-fed
Wind Generator Under Voltage sag

ZHANG Hongyi, Humujiletu
( Bejjing Jingneng Clean Energy Power Co., Ltd., Inner Mongolia Branch, Hohhot 010000, China)

Abstract; An adaptive variable inertia control method for the grid-side converter of the doubly-fed wind tur-
bine generator under voltage sag was proposed to control the DC voltage fluctuation during voltage sag and
improve the uninterrupted operation capability of the doubly-fed wind turbine generator during grid sag.
Based on the characteristics of the mathematical model of doubly-fed wind turbine generator, the virtual syn-
chronous generator control mechanism was introduced, and the active frequency controller used to enhance
the inertia response and droop properties similar to the synchronous generator, and the excitation controller
used to adjust the generator terminal voltage and reactive power were designed. The two controllers were ap-
plied to the grid-side converter at the same time to realize the grid-side converter control of doubly-fed wind
turbine; Through the optimal control principle, the moment of inertia and damping coefficient were adjusted
adaptively, and the value rules were formulated to optimize the response speed and overshoot of the doubly-
fed wind power generation system. The experiment shows that this method can realize the stable output of DC
bus voltage, reactive power and active power, ensure the continuous operation of the generator, and enhance
the stability and reliability of the operation of the doubly-fed wind power generation system by effectively con-
trolling the grid-side converter under the condition of voltage drop.

Key words: voltage drop; double-fed wind power generation; network-side converter; variable inertia; syn-

chronous generator; damping coefficient
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Current Control of Permanent Magnet Synchronous
Motor Based on Parameter Adaptive

WANG Chaoqing, LI Honggao
( The 43rd Research Institute of China Electronics Group Cooperation, Anhui Microsystem Key Lab ,

Hefei 230088 , China)

Abstract; A voltage vector control algorithm was designed under the condition that the model parameters
were unknown, based on the current model of permanent magnet synchronous motor in d and ¢ coordinate
system and using the adaptive method and stability theory. The control algorithm contains the current error
information of d and ¢ axis and can eliminate the steady-state error and improve the rapidity of current control
by introducing error feedback compensation and parameter estimation compensation. Furthermore, the influ-
ence of unknown parameters was eliminated by the parameter adaptive law. The control algorithm can improve
the control performance comparing with the traditional PID control method, which can be verified by simulation.

Key words: PMSM; current control; parameter adaptive
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Research on Motor Vector Control of a Type of Aircraft Tractor

WANG Futai', QI Xiangyang', LI Shaoliang”, LIU Xuewen', SU Junhao', ZHENG Yanchao'
(1. China Academy of Agricultural Mechanization Sciences Group Co., Lid., Beijing 100083, China;

2. The Sixth Military Representative Office of the Air Force in Beijing, Beijing 100083, China)

Abstract ; The aircraft tractor itself has a large mass, high inertia during operation and a complex application
environment. The anti-interference and reliable control capability of the drive system has an important impact
on improving the performance of the aircraft tractor. In this paper, the permanent magnet synchronous motor
was studied as the tractor drive motor and carried out research to design a current decoupling double closed
loop motor vector control method based on fuzzy PI control. The motor control system model was built with
Matlab software, and the simulation experiment and performance analysis were conducted on the parameter
changes of conventional PI control and fuzzy PI control respectively. The comparison experiments show that

the fuzzy PI motor vector controller has strong adaptability fast response speed and good control stability.

Vol. 56. No. 10

Key words: permanent magnet synchronous motor; vector control; fuzzy PI control
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Analysis and Control of Noise Mechanism in Range-extended Electric
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Abstract; Aiming at the problem of excessive noise during the operation of the generator of the supercharged
vehicle, the electromagnetic force wave characteristic order analysis and vibration noise localization analysis
were carried out, and the corresponding optimization scheme was proposed. Firstly, through the electromag-
netic force wave characteristic order analysis, the influence of the armature reaction and permanent magnet
on the electromagnetic force wave was explored. Secondly, through the noise localization analysis, the main
causes of the noise under the rated working condition were identified, and the scheme of improving the inter-
nal rotor structure of the motor by adding the rotor auxiliary groove was proposed to optimize the motor air-gap
magnetism for this problem. Finally, the simulation analysis of finite element vibration noise was carried out
on the motor modeling to evaluate the effect of the optimization scheme, and the noise of the motor was sig-
nificantly reduced after the improvement.

Key words: range-extender automotive generator; electromagnetic vibration noise; electromagnetic force

harmonics analysis; vibration noise localization analysis; NVH; finite element simulation
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Research on the NVH Optimization of Vehicle IPM Motor

CHEN Zhichu', SHI Junxu', ZHOU Yang’, HU Yongfeng', YANG Bin'
(1. Zhuzhou CRRC Times Electric Co., Lid., Zhuzhou Hunan 412005, China;

2. Yiduo Information Technology ( Shanghai) Co., Ld., Shanghai 201108, China)

Abstract; With the widespread adoption of new energy vehicles, the electromagnetic noise issue in Electric
Vehicle(EV) powertrain has gained significant attention. The noise problem of electric powertrain primarily
originates from the electric motor, controller, and gearbox. Among these, noise induced by electromagnetic
forces in the electric motor is the major contributor. This paper focused on the analysis and optimization of e-
lectromagnetic noise from permanent magnet synchronous motors (PMSMs) in EVs. Proposed a multi-objec-
tive genetic algorithm to achieve noise reduction by optimizing the electromagnetic forces generated within the
motor. The results demonstrate that this optimization method significantly reduced the targeted electromagnet-
ic forces, consequently mitigating the electromagnetic noise in automotive PMSMs.

Key words: electric powertrain; electromagnetic noise; genetic algorithm; multi-objective optimization
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