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An Asynchronous Motor Current Controller Based on Model-free

Adaptive Control Strategy

ZHANG Huaige, ZHANG Wei
(College of Electrical Engineering, Zhejiang University, Hangzhou310027, China)

Abstract ; Due to the fact that the asynchronous motor control system is a multivariable strongly coupled non-

linear system, traditional control methods suffer from sensitivity to the parameters of the controlled motor and

insufficient robustness. As a data-driven control strategy, model-free adaptive control only requires the real-

time input and output data of the controlled object to achieve high-level control. This article designed an a-

synchronous motor current controller based on MFAC strategy. Simulation and experiment show that the asyn-

chronous motor current controller designed based on model-free adaptive control strategy is feasible, and has

robustness and performs better compared to traditional current control strategies.

Key words: asynchronous motor; robust control; current control; model-free adaptive control
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Active Multi-axis Synchronization Strategy Based on Virtual Time Delayed Spindle

XU Zhiquan', LIU Yi*, SHENG Minggang', WANG Chunlei’, LIU Yiyi’, WANG Zhipeng’, ZHENG Jie’
(1. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology ,

Wuhan 430074, China; 2. Representative Office of the Sixth Army of Haizhuang Beijing Bureau in Beijing
Area, Beijing 100000, China; 3. Nuclear Power Institute of China, Chengdu 610213, China)

Abstract; Virtual spindle method and cross coupling method are currently widely used multi-axis synchro-
nous control strategies. The virtual spindle method requires inherent synchronization between each axis to
construct a virtual spindle, while the cross coupling method generates a huge computational load as the num-
ber of axes increases. This article proposed a multi-axis synchronous control strategy based on virtual time
delayed spindles. Researched on the estimation method of single axis error time delay, explored the con-
struction method of virtual time delay spindles that reflect the tracking effect of the system’ s operating curves
on each axis, and formed an active multi-axis coordinated control strategy based on virtual time delay spin-
dles with simple structure and strong applicability. This scheme overcomed the limitations of traditional virtu-
al spindle schemes that rely on inherent synchronization to construct virtual axes. It only required estimation
of the delay time and coupling compensation value of this axis, and the complexity of the scheme was inde-
pendent of the number of system axes. Finally, a simulation experiment was designed, and the experimental
results showed that the strategy can achieve good multi-axis synchronization control effect, with good steady-
state and dynamic performance.

Key words: multi-axis equipment; trajectory tracking; multi-axis synchronous control; virtual time
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Error Suppression of PMSM Position Estimation Based on CCSFF-FPLL

CAO Jianghua, SU Jinzhang, ZHAO Shiwei
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract; In the sensorless control system based on sliding mode observer, the use of low-pass filter will
cause phase delay of back electromotive force, and PLL has a poor dynamic performance of position estima-
tion under acceleration and deceleration conditions, both of which will cause large position estimation errors.
To solve these two problems, a rotor position estimation method based on CCSFF-FPLL was proposed in this
paper. The method used a complex coefficient synchronous frequency filter ( CCSFF) to filter the back elec-
tromotive force, and realized the accurate extraction of the back electromotive force by its characteristic of no
phase delay and amplitude attenuation at the center frequency. At the same time, a feedforward PLL
(FPLL) was designed to extract the position information of the back electromotive force by adding aspeed
feed-forward path to the traditional PLL. The experimental results show that the proposed method can effec-
tively suppress the error of rotor position estimation and improve the estimation accuracy.

Key words: permanent magnet synchronous motor; position estimation error suppression; sliding mode ob-

server; complex coefficient synchronous frequency filter (CCSFF) ; feedforward PLL ( FPLL)
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Research on Friction Compensation of Servo System Based on
Modified Stribeck Model

QI Zhibin, GUO Lianlong, LAN Shuaihang, SANG Yong
(School of Mechanical Engineering, Dalian University of Technology , Dalian Liaoning 116024, China)

Abstract; The existence of nonlinear friction in electric servo loading system is inevitable, the friction dis-
turbance with strong nonlinearity seriously affects the loading accuracy of the system. Firstly, aiming at the
problem of friction disturbance in electric servo loading system, a modified Stribeck friction model was pro-
posed to describe the friction characteristics of the loading system; Secondly, the controller was designed to
suppress the nonlinear friction disturbance based on the backstepping control theory. Finally, aiming at the
problem that the parameters of the friction model were easily affected by the changes of the internal and ex-
ternal environment of the system, the adaptive control was used to further suppress the friction interference of
the parameter changes. According to the simulation results; compared to the traditional PID control , the
torque error of the system using the adaptive backstepping controller was reduced by 80.2 % , which effec-
tively suppresses the nonlinear friction disturbance in the system and improves the control accuracy of the
loading system.

Key words: servo loading system; nonlinear friction; modify of Stribeck friction model ; adaptive backstep-

ping control
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Research on Control Strategy of Bearingless Asynchronous Motor
Based on PID Controller

ZENG Mingjie, GAO Yunchang, WU Yapeng
(State Grid Jiangsu Electric Power Co. , LTD. , Lianshui County Power Supply Branch, Lianshui Jiangsu 223400, China)

Abstract : Bearingless Induction Motor ( BIM) has important research and application value due to its advan-
tages of low friction, no need for lubrication, and high operating speed. However, compared to traditional a-
synchronous motors, the mathematical model of BIM is a strongly coupled, multivariate, and nonlinear high-
order function, resulting in relatively complex control strategies. Therefore, this article studied a BIM air gap
magnetic field orientation control strategy based on PID controller, and discussed its control principle and im-
plementation method in detail. lis effectiveness was verified using Matlab simulation software, and an experi-
mental platform was built based on TMS320F28335 to verify the control effect.

Key words: bearingless induction motor; PID controller ; air gap magnetic field orientation control ; experi-

mental study
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Research, Design and Experiment of an Aerospace Axial Eddy Current Damper

JIAN Xiaoshu'?*, ZHANG Yaxin'?
(1. Guizhou Aerospace Linquan Motor Co. , LTD. , Guiyang 550003, China; 2. National Engineering

Research Center for Small and Special Precision Motors, Guiyang 550008, China)

Abstract; Compared with traditional dampers, eddy current dampers have the advantages of non-contact,
friction free, wear free, long service life, pollution-free, and simple structure, and making them widely ap-
plicable in the field of vibration control. In the design of eddy current dampers, the most critical damper
characteristics need to be continuously optimized and iterated under the limit of certain size and weight in or-
der to obtain meaningful optimal results. According to the requirements of damper used in aerospace field,
this article presented a scheme of double-spring-plate structure eddy current damper with compact spatial
structure by using the analysis method of transient magnetic field and the structural constraints. The variation
law between key parameters ( such as the thickness of permanent magnet, the conductor material, the con-
ductor length , the gap of copper cup and permanent magnet) and damping coefficient were analyzed in de-
tail, and the optimal damping coefficient was obtained, simultaneously designed the shape and stiffness of
the spring-plate. Finally, the damper was manufactured based on relevant theoretical analysis and structural
design, the damper was obtained the damping ratio, first-order natural frequency, and damping coefficient
by using the half-power bandwidth method, and rigidity and life tests of the damper were completed on the
testing platform, then the designed eddy current damper meets the design requirements.

Key words: eddy current damper; damping coefficient; double-spring-plate; stiffness; damping ratio
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Design and Optimization of Double-layer and Salient-Pole Type Axial Flux
Permanent Magnet Machine With PCD Stator

BAI Wenyan, SUN Yan
(School of Electrical Engineering , Shanghai Dianji University , Shanghai 201306, China)

Abstract; AFPM is a research focus recently, in this paper, a new type of salient pole Halbach permanent
magnet array was applied to the motor, and its structure and advantages were described. A preliminary para-
metric model was established with the help of 3D finite element software, and the simulation was further car-
ried out by Workbench and Optislang, and the optimal design scheme was obtained by global multi-objective
optimization through GA. Compared with the conventional Halbach structure of the same size, the optimized
new permanent magnet array reduced the amount of permanent magnet, reduced the production cost of the
motor, and improved the sine of the fundamental magnetic density amplitude and the air gap magnetic density
waveform generated per unit of permanent magnet. In order to ensure the ideal air-gap magnetic field densi-

ty, the cost of the motor was reduced by adding low-cost soft magnetic material, which provided a certain ref-

erence for the design of axial flux permanent magnet motor.

Key words: axial flux motor; PCB stator; genetic algorithm; finite element analysis; Halbach array
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Analysis of Influence of Austenitic Stainless Steel Magnetic Steel Sheath
on Electromagnetic Properties of Motor

CUI Guanghui
(Xi’ an Aerospace Precision Electromechanical Institute, Xi’ an 710100, China)

Abstract; Magnetic steel sheath not only plays a shielding role in high-frequency magnetic field, but also
has a strengthening, protection and good heat dissipation effect on magnetic steel, and helps the motor as-
sembly process. Since the non-magnetic magnetic steel sheath does not affect the electrical gap and output
characteristics of the motor, non-magnetic austenitic stainless steel is widely used in the magnetic steel
sheath. However, the thin material composition or improper heat treatment of stainless steel raw materials in
the process of smelting or forging, so that a small amount of ferrite or martensitic organization will appear in
austenite , resulting in weak magnetism of the magnetic steel sheath, thus affecting the electromagnetic output
characteristics of the motor. In this paper, a distributed brushless DC torque motor and a packaged brushless
DC torque motor were respectively taken as examples. The solution domain of the two-dimensional finite ele-
ment simulation physical model of the brushless DC torque motor was established based on Flux and Ansys,
and the influence of austenitic stainless steel magnetic steel sheath on the electromagnetic properties of the
torque motor was analyzed. Finally, an engineering prototype was developed. By comparing the simulation
data with the measured data, the precise design margin of austenitic magnetic steel sheathed torque motor
was defined, which provided a certain engineering design significance and theoretical basis for the initial
stage of the motor project development.

Key words: magnetic steel sheath; austenitic stainless steel; torque motor; electromagnetic properties
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Temperature Field Analysis of Traction Motor Based on
Magnetic-thermal bidirectional Coupling

LI Chuang', CHEN Yongyan'*, SONG Li'*, DONG Zhiming’, GUO Haiquan®, WEI Xiaogang *
(1. School of Energy and Power Engineering , Inner Mongolia University of Technology, Hohhot 010051, China;

2. Key Laboratory of Wind and Solar Energy Ulilization Technology, Ministry of Education, Hohhot 010051, China;
3. Inner Mongolia North Heavy Duty Truck Co. , LTD. , Baotou Inner Mongolia 014060, China;
4. CNOOC New Energy Erenhot Wind Power Co. , LTD. , Erenhot Inner Mongolia 011199, China)

Abstract: In order to explore the temperature rise of traction motor, this paper took a large mine electric
wheel traction motor as the research object, and established a finite element model of three-dimensional flow
and heat transfer coupling solution of the motor. The basic assumptions and corresponding boundary condi-
tions were given. The magnetic-thermal bidirectional coupling method was used to simulate the electromag-
netic field and temperature field of the motor. On this basis, the temperature field distribution characteristics
of the motor under low-speed full-load conditions were analyzed. The accurate analysis of the temperature
field characteristics of the motor can be realized by using this analysis method, which is helpful to the rea-
sonable design of the cooling system of the motor, and provides a theoretical basis for the accurate calculation
of the comprehensive physical field of the higher power motor.

Key words: traction motor; magnetic-thermal bidirectional coupling; temperature distribution
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Research on the Prediction Model for Sound Quality of
Unloaded Traction Motor

ZHANG Wei', PANG Cong', YU Yong®, ZHU Yiqiao', QIU Yi*, ZHENG Xu’
(1. CRRC Yongji Electric Co. , LTD. , Xi’an 710016, China;
2. College of Energy Engineering, Zhejiang University, Hangzhou 310000, China)
Abstract; To establish a sound quality prediction model for traction motors under no-load conditions, noise
tests were conducted at different positions at multiple rotational speeds. Objective parameters of sound quali-

ty, such as loudness, sharpness, roughness, and fluctuation strength, were obtained, and the variation pat-

terns of each objective parameter with rotational speed were analyzed; Jury test was conducted on 40 sound

samples using a rating system, and abnormal data was removed using a box plot to obtain the average subjec-
sound quality.

i1

tive evaluation for each sound sample; Finally, multiple linear regression and surrogate model methods were

used to establish motor sound quality prediction models. The latter has higher prediction accuracy compared

Key words: traction motor; sound quality; jury test; surrogate model

to the former. This method and research results can provide reference for subsequent optimization of motor
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Strategy and Application of Rotor Field Orientation Correction for
Asynchronous Traction Motors in the Full Speed Domain

HE Xiong
( Beijing Urban Construction Design and Development Group Co., LTD. , Beijing 100037, China)

Abstract: High power asynchronous traction systems typically use indirect vector control, where field orien-
tation is easily affected by rotor resistance, and scalar control was used in the high-speed square wave re-
gion. A segmented rotor field orientation correction method was proposed to address this issue. Compensating
for slip frequency by observing electromagnetic torque differences in different coordinate systems in the non
square wave region. The square wave region compensates for slip frequency based on g-axis current error.
The flux observation adopted voltage model method with BPF, which could eliminate the DC bias and initial
value error of the collected current. A method for rebuilding voltage through the amplitude of instruction volt-
age in timer interrupts and the actual voltage angle in carrier interrupts was proposed based on the character-
istics of the dual interrupt architecture in traction control systems, which improved the accuracy of voltage re-
construction and was easy to implement in engineering. Finally, through simulation and experiments, it was
verified that this method can achieve full speed domain correction for field orientation deviation caused by
changes in rotor resistance.

Key words: asynchronous motor; indirect vector control ; flux observation; full speed domain; rotor field o-

rientation correction
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Influence of Selection of Iron Core Materials on Performance
of Electric Motors

WANG Aixian, WU Zhendong
(Jiangsu Chaoli Electric Appliance Co. , LTD. , Danyang Jiangsu 212321, China)

Abstract; The selection of core material has an important influence on the performance of electric motor.
Different core materials such as silicon steel sheet, amorphous alloy or aluminum alloy have a great impact on
the efficiency, power output and stability of the motor. Silicon steel sheets provide the best energy efficiency
ratio in most cases due to their high permeability and low loss. However, the amorphous alloys show excel-
lent properties under specific conditions. Aluminum alloys provide good temperature rise control and lower
noise levels, but the overall efficiency is relatively low. This paper discussed the influence of different mate-
rials on the performance of the motor. According to the results, proposed to optimize the selection of core
materials for specific applications. It provides a theoretical basis for motor design, and also provides a new
direction for motor material innovation and performance optimization in the future.

Key words: core material; performance; influence
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Influence of Different Fixtures on Acceleration of Vibration Test

WU Xiaogang, YAO Gang, WANG Feng, YANG Ru, Gao Xingxing
(Xi’ an Micromotor Research Institute Co. , LTD. , Xi’ an710117, China)

Abstract; The mechanical characteristics of the vibration test no-load fixture were analyzed by comparing the
collection of monitoring sensors at different positions of the control sensors. The control sensor and monitoring
sensor were selected as close as possible to the fixed point of the sample, and the vibration value collected by
the monitoring sensor was compared with the standard vibration value, so as to confirm whether the test fix-

ture has obvious amplification and attenuation within the test frequency range.

Key words: control sensor; monitoring sensor; vibration response characteristics
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