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Research on Design Technology of High Precision Resolver

MA Tiansheng', MENG Yun’
(1. Guizhou Aerospace Linquan Motor Co., LTD., Guiyang 550008, China;

. Key Laboratory of Aerospace Precision Small Special Electrical Motors Technology, Guiyang 550008, China)

Abstract ; In response to the shortcomings of traditional magnetic circuit design for resolver, a high-precision
modern design method for resolver was studied. Maxwell software was used for finite element simulation of re-
solver magnetic circuit, and combined with Matlab software, extreme value sampling and cubic spline inter-
polation were used to accurately extract the envelope of output signal, so as to effectively evaluate the sine of
output signal; Using multi-angle electromagnetic simulation analysis method and the " forward and reverse
tangent method" of the output signal of the resolver, combined with Matlab software, to achieve the calcula-
tion of the electrical accuracy of the resolver at all angles, and effectively evaluate the electrical accuracy

values of the resolver rotor at different positions. The experimental results were compared with the actual test

Vol. 56. No. 11

results of resolver under 8 different base numbers and excitation conditions, proving its effectiveness.

Key words: resolver; finite element simulation; THD; electrical rrror
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Design and Optimization of a High Power Density Servo
Drive Motor for Rotor UAV

MO Wei', LIU Jie', LIU Chao’, GONG Zuo', LI Ji'
(1. Xi’ an micromotor research institute Co., LTD., Xi’ an 710117, China;

2. The Eighth Military Representative Office of the Army Equipment Department in Xi’ an, Xi’ an 710065, China)

Abstract; Aiming at the technical requirements of a high power density servo drive motor for a rotor UAV ,
through analysis and finite element simulation optimization, it is concluded that the surface-mounted perma-
nent magnet rotor structure of the inner rotor is relatively more suitable for balancing power density, efficien-
cy, torque ripple and other indicators. Based on this, a servo drive motor with high power density, high effi-

ciency and low torque ripple was designed, and the prototype was tested and verified, and its performance

index was satisfied with technical requirements.

Key words: servo drive motor; power density; efficiency; torque ripple
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Design of Permanent Magnet Brake for Dual-redundancy
Differential Actuation System

LI Yang, HU Xiaofei, WANG Feng, ZHANG Xinlu
( Product Development Branch Company of CHN Energy United Power Technology Company LTD.,

Beijing 100039, China)

Abstract: A permanent magnet brake (PMB) was presented for the reliability and safety of the dual-redun-
dancy differential actuation system, and the composition and working principles of the permanent magnet
brake were introduced. Based on the equivalent magnetic circuit method, the mathematical models for loc-
king and unlocking condition of the brake were established. The results derived from the mathematical model
agreed well with the FEM model results. According to the analysis of magnetic performance and frictional
characteristic, a friction pair was designed. Finally, experiment was carried out in the prototype, and the
simulations agreed well with the measured results.

Key words: permanent magnet brake; friction pair; equivalent magnetic circuit method; dual-redundancy

differential actuation system
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Fault Diagnosis Method of Open Winding Permanent Magnet Synchronous

Motor Based on Improved Particle Swarm

ZHANG Zhihui', LI Qiushuo®, LYU Kangfei’
(1. Xinjiang Company Investment Holding Co., LTD., of Henan Energy & Chemical Indusiry Group,
Urumgqi 830000, China; 2. School of Electrical Engineering, China University of Mining and
Technology, Xuzhou Jiangsu 221000, China; 3. School of Physics and Electronic and

Elecirical Engineering, Huaiyin Normal University, Huai’ an Jiangsu 223000, China)

Abstract; Based on the improved particle swarm optimization algorithm, through the establishment of the
mathematical model of the split winding permanent magnet synchronous motor, the inter-turn short-circuit
fault was diagnosed, and the optimization objective of the system was obtained. The preliminary diagnosis
method of three-phase unbalance and the optimization algorithm based on improved particle swarm optimiza-
tion were verified by using Matlab/Simulink platform. The simulation results verify the correctness of the a-
nalysis method and mathematical model, and obtain the basic information of the permanent magnet synchro-
nous motor interturn short circuit fault model, so as to accurately obtain the fault location, the specific objec-
tive of system optimization and fault tolerance information. The theoretical basis has strong applicability, and
can be used in electric vehicles including open winding permanent magnet synchronous motor, aerospace and
many other fields.

Key words: open winding permanent magnet synchronous motor; short-circuit fault between turns; im-

proved particle swarm optimization; fault diagnosis
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Abstract : Aiming at the phenomenon that the back EMF waveform of brushless DC motor is seriously distort-
ed when the motor is controlled by back EMF to run at low speed without position sensors, a brushless DC
motor back EMF position sensorless control strategy based on median filter was proposed. Firstly, based on
the motor voltage equation, the suspended phase voltage equation under the PWM modulation mode of H_
PWM-L_ON was obtained, and the accurate zero crossing point of the back EMF was also obtained. Second-
ly, Simulink was used to carry out simulation experiments to compare the effects achieved by the method of
using the median filter with the effects achieved by the method of ordinary back EMF method, which reflec-
ted the superiority of the proposed method. And this paper gave a design basis for the window size of the me-
dian filter. Finally, simulation was carried out by the PWM_ON modulation method, which was used to
prove that the proposed method was not affected by the PWM modulation method. And the commutation
torque ripple was further suppressed by the Lag ahead of commutation. Then good results were obtained. A
series of simulation experiments have proved that the position sensorless control method proposed in this pa-
per has good commutation accuracy and high reliability when brushless DC motor is running at low speed.

Key words: brushless DC motor; position sensorless control; median filter; back EMF method
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Research on Force Control Strategy of The Electromechanical Brake System
Based on Position Loop Control

YANG Lei', WANG Feng', DU Yunzhe', ZANG Chuanxiang' , SUN Weibing’, ZHANG Gan’, TONG Qing’
(1. Nanjing CRRC Puzhen Haitai Braking Equipment Co., LTD., Nanjing 211800, China;

2. Nanjing Vocational Institute of Railway Technology, Nanjing 210031, China;
3. Southeast University, Nanjing 210096, China)

Abstract : Aiming at the precise force control of electro-mechanical brake system of rail transit, the high dy-
namic and reliable control method was studied in this paper. Based on the structural characteristics and
mathematical model of the brake system, a four-closed-loop brake force control strategy was proposed. First-
ly, the closed-loop control strategy of the brake force was established based on the force control theory. The
proposed four-loop braking force control includes force closed-loop, position closed-loop, velocity closed-loop
and current closed-loop. The four-closed loop control method was compared with the traditional two-closed
loop force control method by using the analysis method of classical control theory. Then, the two control
methods were compared based on linear simulation model and co-simulation respectively. The linear simulation
and co-simulation show that the control method of four-closed loop brake force control improves the rapidity and
stability of the braking force response of the system, that is, the proposed method increases the safety and reli-
ability of rail transit. The control method proposed in this paper has been verified by experiments.

Key words: electromechanical brake; force control; co-simulation; proportional integration ( PI) control;
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PWM Rectification Technology Based on Sliding Mode
Observer Sensorless Control

ZHANG Yulin', LU Tao', JIAN Zhijun', LI Qianni’, ZHANG Wentao’, GAO Yujiang’
(1. China Oilfield Services Limited , Langfang Hebei, 065201, China;

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

Abstract ; The traditional PWM rectification technology for permanent magnet synchronous generators usually
uses optical encoders to obtain accurate position and angle information. However, the installation of optical
encoders will increase system costs, and their performance is susceptible to changes in the external environ-
ment, resulting in reduced reliability of the system. Combing the analysis on basic control methods for power
generation systems, the sensorless control strategy based on sliding mode observer method was proposed. The
back electromotive force can be estimated by the sliding mode observer from voltage and current values of
each PWM cycle. And the rotor position was determined by the phase locked loop. Both simulation and ex-
perimental results demonstrate that the proposed method can accurately and effectively estimate the rotor po-
sition angle and output a voltage waveform that meets the standard.

Key words: permanent magnet synchronous generator; PWM rectification; sensorless control; sliding

mode observer
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Double-layer Fuzzy Control Method for DC Microgrid Energy Storage
Converter With Constant Power Load

LIN Jinlin', HUANG Xiaoli*, GENG Changyi’, DENG Yixing’
(1. Guangxi Power Grid Co., LTD., Nanning 530023, China; 2. Guangxi Power Supply

Bureau Co., LTD., Nanning Power Supply Bureaw, Nanning 530001, China;
3. Guodian Huayan Electric Power Technology Co., LTD., Guangzhou 510335, China)

Abstract: Controlling the energy storage converter can avoid the problems of overcharge and overdischarge of
the energy storage unit of the DC microgrid. In order to improve the stability of the DC microgrid in opera-
tion, a double-layer fuzzy control method for the energy storage converter of the DC microgrid with constant
power load was proposed. By constructing the average switching model of energy storage converter, the e-
quivalent circuit diagram with constant power load in DC microgrid was obtained, and the differential equa-
tion of the equivalent circuit was constructed. When the differential state equation gradually converges to the
equilibrium point, the running state of DC microgrid was judged, and the influence of energy storage convert-
er with constant power load on DC microgrid was analyzed. The first-layer fuzzy controller was used to adjust
the SOC of the energy storage converter in the DC microgrid, and the second-layer fuzzy controller was used
to solve the problem that the real load deviates from the load scheduling curve in the power correction process
of the first-layer fuzzy controller. Through the double-layer fuzzy control, the power command of the energy
storage converter was obtained, and the double-layer fuzzy control of the energy storage converter was real-
ized. The experimental results show that the proposed method can prevent the sudden change between the
output power of photovoltaic cells and the power consumed by the load, thus avoiding the battery’ s initial
SOC value being low and withdrawing from power supply in advance, and improving the stability of DC mi-

crogrid operation.
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Control Strategy of Electrolytic Capacitor-less Three Phase Permanent
Magnet Synchronous Motor Drive System

ZHANG Beibei, HE Weixiang, ZHANG Hengwei, LI Xiaorong, DONG Shuhai
(State Grid Lianyungang Power Supply Company, Lianyungang Jiangsu 222000, China)

Abstract; Electrolytic capacitor-less three phase permanent magnet synchronous motor drive system has the
advantage of long lifetime, high power density and so on. This paper made a detailed analysis of the basic
structure and working principle of the system. The relationship of ¢ axis current and the output power of the
inverter was analyzed and ¢ axis current control strategy was given. The simple and valid control strategy of d
axis current was given based on DC bus voltage limitation. In order to improve the power factor of the grid
side, a notch filter was added to filter the specified harmonic component in the given d-axis voltage. The
simulation results show that the control strategy can effectively reduce the input current distortion rate.

Key words: electrolytic capacitor-less; high power density; DC bus voltage; power factor; notch filter; in-

put current distortion rate
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Compound Speed PI Control for Permanent Magnet Synchronous Motor
Based on Load Torque Sliding Mode Observer

FU Guowei, ZHU Hu
(Yutong Bus Co., Ltd., Zhengzhou 450047, China)

Abstract; A composite PI controller is designed to reduce the overshoot of speed response in response to the
frequent variable speed and load disturbance operating conditions of permanent magnet synchronous motors
(PMSM) used in electric engineering machinery. At the same time, in order to reduce the influence of sys-
tem variable load disturbance, a load torque sliding film observer was proposed, whose torque observation
value was compensated to the given current loop to achieve rapid response to the servo load and improve the
system’ s anti load disturbance performance. Through simulation and experiments, it has been proven that
the designed speed composite Pl controller can reliably reduce speed response overshoot and improve the sys-
tem’ s anti load disturbance performance; The proposed load torque observer and feedforward compensation
control algorithm can accurately observe the real-time load disturbance, compensate to the load disturbance
given by the current loop, effectively reduce the speed fluctuation, and improve the dynamic performance.

Key words: permanent magnet synchronous motor( PMSM) ; load observer; mux-speed controller; feed-for-

ward compensation
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Off-line Parameter Identification Method of Induction Motor
Based on Gradient Descent Method

SUN Guodong', ZHANG Lingyun®, ZHANG Zhenrui’, LI Qingzhuo’, FAN Hongwei’
(1. Academy of Science and Technology Information Innovation Sirategy Research Center Shandong

Jinan 250101, China; 2. Qilu University of Technology (Shandong Academy of Sciences)
Jining Shandong 272073, China)

Abstract; In order to address the problem of inaccurate identification of electric motor parameters resulting
from the calculation of incorrect magnitude and phase of motor voltage and current during the identification
process of the asynchronous propulsion motor, a gradient descent-based asynchronous motor parameter identi-
fication algorithm was proposed. By passing different voltages into the stator resistance, relevant motor sam-
pling data that can be used to identify the stator resistance, rotor resistance, and mutual inductance of the
motor are obtained. The theoretical voltage of the inverter was modified by a third-order curve fitting method,
ultimately increasing the accuracy of the rotor resistance identification. By numerically fitting the waveforms
of motor AC voltage and current using the gradient descent method, accurate waveform magnitude and phase
were estimated, and the power factor was calculated, allowing the precise identification of motor rotor resist-
ance, leakage inductance, and mutual inductance. An identification experiment was conducted on a 7. 5 kW
motor using a self-developed inverter based on TMS320F28379D, which demonstrated the effectiveness of the
proposed algorithm in improving identification accuracy.

Key words: asynchronous motor; asynchronous motor; gradient descent method
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EPS Prevent SLOA Functional Safety Analysis

LIU Xinming, DAI Peijun
(Bosch Huayu Steering Systems Co., LTD., Shanghai 201800, China)

Abstract: This article is based on the relevant requirements of GB standards and [S026262 functional safety
standards. A safety analysis mainly from the perspective of software functionality and hardware was conducted
for the sudden loss of assist of the electric power steering system, and introduced the safety path for the steer-
ing system to avoid sudden loss of assist. Which having a new understanding of this safety goal at the safety
concept level for readers, and also provide guidance and reference on how to achieve the safety goal of avoi-

ding sudden loss of assistance from the system level.
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Evaluation of Uncertainty in Motor Efficiency Measurement and
Analysis of Dynamometer Selection
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Abstract ; Using a permanent magnet DC motor as the test object, under the same test conditions, the motor
efficiency was tested twice using a power analyzer and a dynamometer with different ranges and accuracies.
Analyzed the sources of uncertainty in motor efficiency measurement, described in detail the evaluation
process of each uncertainty component, calculated and synthesized the standard uncertainty of motor efficien-

cy. Analyzing the evaluation process and results of measurement uncertainty provides a certain reference for
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selecting instrument equipment when measuring motor efficiency or conducting other inspections.

Key words: motor efficiency; evaluation of measurement uncertainty ; dynamometer; range; accuracy
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