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Harmonic Optimal Design of Double Three-phase Permanent Magnet
Synchronous Motor Based on Particle Swarm Optimization

LIU Jia', SONG Zhanfeng', LIU Dan’
(1. School of Electrical and Information Engineering , Tianjin University, Tianjin 300072, China;

2. Aviation Key Laboratory of Science and Technology on Aero Electromechanical

System Integration, Nanjing 210000, China)

Abstract ; Dual three-phase permanent magnet synchronous motor ( DT-PMSM) has multiple degrees of free-
dom, and its torque output capability can be significantly improved by injecting harmonic currents. Com-
pared with the strategy of not injecting harmonics, the maximum torque per peak current ( MTPPC) control
can output higher torque when controlling the peak phase current to remain unchanged. Injection strategies of
the fifth and seventh harmonic currents do not require hardware reconstruction. However, the traditional fifth
and seventh harmonic injection strategies do not consider copper loss. Therefore, this paper proposed a parti-
cle swarm optimization (PSO) based fifth and seventh harmonic current optimization design, which limited
the peak phase current and used the particle swarm optimization algorithm to search for the optimal global
harmonic current value with the objectives of maximum torque and minimum copper loss. Experimental re-
sults show that the proposed strategy can reduce copper loss while considering torque output.

Key words: dual three-phase permanent magnet synchronous motor ( DT-PMSM) ; particle swarm optimiza-

tion (PSO) ; harmonic current optimization
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Ansoft Maxwell-based Finite Element Analysis of a Permanent
Magnet DC Hollow Cup Motor

MENG Fanyi'?, PU Zumeng'*, MA Chao'”
(1. Guizhou Aerospace Linquan Motor Co., Lid., Guiyang, Guiyang 550008, China;

2. National Engineering Research Cenire for Precision Microtechnology, Guiyang 550008, China)

Abstract; Permanent magnet DC hollow cup motor is a kind of hollow cup motor, small size and light
weight, low rotational inertia, high efficiency and high power density, which is widely used in the field of
aerospace and defence military equipment. Using a permanent magnet DC hollow cup motor as a model, the
simulation model was built using Ansoft Maxwell software, and settings such as mesh dissection, material as-
signment and excitation source were made to solve. Analyse the steady-state magnetic field distribution and

transient output characteristics of the model, providing a reference basis for motor design and optimisation.

Vol. 56. No. 8

Key words: hollow cup motors; Ansoft Maxwell; finite element analysis
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A Method for Analyzing Electrical Error of the Resolvers

ZHANG Wei, HUANG Ming, YANG Yixuan
(Xi’ an Aerospace Precision Electromechanical Institute, Xi’an 710100, China)

Abstract: A method for analyzing electrical error of the resolvers was proposed based on the finite element
software FLUX . Taking a single pole resolver as an example, a electrical error calculation model of the re-
solver was established. Based on this model, the slot width and winding turns of the resolver were optimized
and calculated to obtain the optimal electrical error. The effectiveness of this method was verified by compa-
ring the measured data of electrical error. Taking a multipolar resolver as an example, other applications of

this method were explained, which can be used to locate the causes of the abnormal electrical error effective-

ly in the production process.

Key words: resolver; electrical error; the finite element; FLUX
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Research and Design of Mono-position Loop Control System for
Electromechanical Actuator

ZHOU Man'”’ | LI Donghui' , WANG Lixian®, JIANG Huagiao’, CAO Xiaopeng
(1. Tianjin University, Tianjin 300072, China; 2. Ningbo Shuaitelong Group Co., Lid.,

Ningbo Zhejiang 315157, China; 3. Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract; In order to improve the compactness of the electromechanical actuator and realize the mono-posi-
tion loop of the electromechanical actuator, the drive and control strategy of the brushless DC motor was stud-
ied in this paper. First, according to the mathematical model of brushless DC motor (BLDCM) and PWM
drive logic model, based on the circuit working principle, the phase current and mechanical characteristics
were analyzed theoretically. Then, in order to improve the control accuracy and immunity, a high-frequency
restricted two-degree-of-freedom control algorithm was proposed, and the system stability requirements were
discussed. The results indicate that the motor has good starting characteristics under unipolar drive, which
was beneficial to improve the control accuracy. And 8° phase step response and 200°/s ramp response, and
the closed loop phase angle within the frequency of 400 rad/s is better than the second order system. The
trace error is 0. 0027° when the sinusoidal signal is 2 rad/s, which satisfies the 0. 3° accuracy demand to-
gether with the potentiometer error. The mono-position loop feedback control method for BLDCM can meet
the system requirement.

Key words: linearity; brushless direct-current motor; unipolar drive mode; two-degree of freedom control ;

electromechanical motor
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Research on Common Mode Voltage of Highly Coupled
Dual-branch Motors With Carrier Phase Shift

GAO Haiyang, ZOU Jibin, ZHANG Wentao, XU Yongxiang
(Harbin Institute of Technology, Harbin 150001, China)

Abstract; In high-power permanent magnet synchronous motors applications, the comfort level of high-fre-
quency vibration noise emitted by the motors has gradually become an important factor. The highly coupled
dual-branch motors driven by two parallel inverters using carrier phase shift technology have gradually been
widely used due to its special winding structure, which can effectively eliminate high-frequency vibration
noise near odd times the carrier frequency. In addition to suppressing high-frequency noise of the motors,
suppression of conducted electromagnetic interference should also be considered. For general structure mo-
tors, carrier phase shift technology can effectively suppress the amplitude of the common mode voltage of the
motors. However, for highly coupled dual-branch motors with special winding structures, the use of carrier
phase shift technology to suppress their common mode voltage has not been analyzed and verified. The pur-
pose of this article is to determine through theoretical analysis and experimental verification that using carrier
phase shift technology for highly coupled dual-branch motors can effectively suppress the common mode volt-
age and effectively suppress conducted electromagnetic interference.

Key words: highly coupled dual-branch motors; parallel inverters; carrier phase shift; common mode volt-

age; conducted electro-magnetic interference
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Modeling and Control of Asynchronous Motor Speed Control
System Based on Sliding Mode Variable Structure
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Abstract; Aiming at the deficiencies of the asynchronous motor speed control system based on the traditional
vector control, such as slow response speed and weak robustness, on the basis of derived the simplified mod-
el of the three-phase asynchronous motor, a control method which was combined with sliding mode variable
structure control and vector control was designed. The sliding mode variable structure control method was
used to replace the speed regulator in the vector control, the system controller was obtained based on the ex-
ponential approach method, and the asymptotic stability of the system was proved by using the Lyapunov cri-
terion. Furthermore, the motor speed control system model was established in the Simulink environment. By
comparing the simulation results of the traditional PI vector control and the vector control method combined
with sliding mode variable structure, it is shown that this method has fast response speed and robustness
when applied to the speed control of asynchronous motors. Strong stick and other advantages. .

Key words: asynchronous motor; mathematical model ; sliding mode variable structure control; vector control
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Active Control Method for Local Reactive Power Compensation Device of
High-voltage Motor Considering Transient Stability
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(1. China Offshore Oil ( China) Co., Lid., Tianjin Branch, Tianjin 300450, China;
Y Y

2. CNOOC Energy Development Equipment Technology Co., Lid., Tianjin 300452, China)

Abstract; The active control method of local reactive power compensation device of high-voltage motor con-
sidering transient stability is studied to improve the active control effect. By establishing the mathematical
model of the local reactive power compensation device of high-voltage motor, the influencing factors of the
active control of the local reactive power compensation device were analyzed; The PI regulator parameters
were optimized by improving the flower pollination algorithm; The active and reactive voltage of the local re-
active power compensation device was obtained by using the PI regulator with optimized parameters and com-
bining the influencing factors; Using the directional vector control method under the positive and negative se-
quence network , combined with active power and reactive voltage, the reactive power output by the local re-
active power compensation device in case of transient stability was obtained, and the reactive power compen-
sates the high-voltage motor, so as to realize the active control of the local reactive power compensation de-
vice of the high-voltage motor. The experiment shows that this method can effectively and actively control the
local reactive power compensation device of high-voltage motor, and improve the stability of voltage and cur-
rent of high-voltage motor; When the load rate of high-voltage motor is different, this method can effectively
and actively control the local reactive power compensation device, improve the power factor of high-voltage
motor, and has better active control effect.

Key words: transient stability; high voltage motor; reactive compensation device; active control; positive

and negative sequence network ; flower pollination
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Research on Frequency Control Technology of Multi-drive Belt Conveyor

GAO Qiaoling', WEI Lijun', Qin Canhua’
(1. Hunan Railway Vocational and Technical College, Zhuzhou Hunan 421001, China;
2. Zhuzhou CRRC Times Electric Co., Lid., Zhuzhou Hunan 421001, China)

Abstract; Due to the existence of objective factors such as roller diameter errors, motor characteristics
differences, and real-time load changes, multiple drive belt conveyors are prone to inconsistent output power
during operation, resulting in reduced equipment life. In response to this problem, a variable frequency
speed control method for asynchronous motors based on high-voltage inverters was proposed. By setting the
master-slave cooperation mode, the host adopted speed closed-loop control, and the slave adopted torque
closed-loop control. The slave follows the output power of the host in real time, ensuring that the output pow-
er of the two is consistent. Through on-site practical applications, it is proved that this method has a very
good effect on controlling the power balance of the motor.

Key words: belt conveyor; multi-drive; power balance
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Research on Speed Sensorless Control Method for Brushless Doubly
Fed Induction Motors

QIU Yan
(Shaanxi Institute of Technology, Xi’an 710300, China)

Abstract; This article introduced the strategy of speed sensorless control into the direct voltage control
scheme of the brushless doubly fed induction generator ( BDFIG) in an independent power generation sys-
tem, and analyzed its stability. In order to cope with special unbalanced load conditions, a specially de-
signed negative sequence control loop was added to the speed sensorless control strategy to improve and opti-
mize the system performance, ensuring that the system output phase-to-phase voltage was always a symmetri-
cal sinusoidal wave under various load conditions. Simulation and experimental results show that the BDFIG
independent power generation system can still maintain excellent performance after implementing the speed

sensorless control strategy, and can meet the requirements of various performance indicators under multiple

Vol. 56. No. 8

operating conditions.

Key words: BDFIG; control strategy; mathematical model; simulation
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Research of Integrated Vehicle Drive System of

Asymmetrical Six-phase Motor Based on Nine-switch Converter
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(1. Institute of Aviation Basic, Naval Aviation University, Yantai Shandong 264001, China;

2. The 92781th Unit of PLA, Sanya Hainan 572029, China)

Abstract; A nine-switch converter SVPWM algorithm was proposed based on the EV charging, driving inte-
grated system. The voltage vectors of the nine-switch converters and their corresponding positions in the vec-
tor map were given. On this basis, the vector map was divided into 15 sectors, and four different voltage
vectors which were closest to the reference vector, were selected to reach the maximum voltage utilization
rate. Nine-switch converter open and close eight times of each sector, in particular reduce the switch fre-
quency of the intermediate switch. And some power tubes have been in the conduction state all the way, no
timer control, was conducive to digital realization. The simulation and experiment results show that the pro-
posed algorithm can effectively applied to dual Y shift 30 degrees permanent magnet synchronous motor.

Key words: electric vehicles; dual Y shift 30 degrees permanent magnet synchronous motor; nine-switch

converter; SVPWM algorithm
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Study on Regulation and Voltage Utilization Ratio of
SPWM and SVPWM Schemes for Vehicle Motor

DONG Lijia'*, PAN Zhongliang' >, LI Shuai'?, LI Yan'?, DUAN Lihua'"
(1. New Energy Development Institute, FAW, Changchun 130011, China;

2. State Key Laboratory of Automotive Vibration , Noise and Safety Conirol, Changchun 130011, China)

Abstract ; With the increase of market share of new energy vehicles, the performance of electric drive system
has attracted the attention of scholars and automobile industry practitioners. Sinusoidal Pulse Width Modula-
tion (SPWM) and Space Vector PWM (SVPWM) are two commonly used control schemes for motor vehi-
cles. The regulating system and voltage utilization index involved affect the performance of the electric drive
assembly system. Improving the regulating system can improve the voltage utilization of the inverter, which
can improve the torque and power of the electric drive system under the premise of a certain bus voltage. In
this paper, the concepts of regulation and voltage utilization under SPWM and SVPWM control schemes were
described, and verified by theoretical analysis and simulation. This provides a theoretical basis for improving
system performance.

Key words: motor for vehicle; adjustion ratio; voltage utilization ratio; SPWM; SVPWM
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Study on NVH Optimization of High-performance Oil Cooled Motor

LI Kangjun, HU Junfeng, PENG Guomin, TANG Tianbao
( Wuxi Infimotion Propulsion Technology Co., Lid., Wuxi Jiangsu 214200, China)

Abstract: Taking a high-performance vehicle oil cooled motor as the research object, the NVH characteris-
tics of the motor were analyzed theoretically, simulated and tested. The vibration results of the simulation a-
nalysis motor exceed the standard, and the test results further verify the simulation results. The main causes
of the problem were studied and two optimization directions of reducing electromagnetic excitation and
strengthening the stiffness of shell structure were expounded. The results show that the electromagnetic opti-
mization scheme can reduce the 72-order radial electromagnetic force by 65% and the torque fluctuation by

85% . The test results verify that the vibration of the optimized scheme is reduced by 10-15 dB, and the

Vol. 56. No. 8

NVH performance meets target.

Key words: oil cooled motor; electromagnetic excitation; vibration and noise
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Review of Vibration Suppression Methods for Magnetic Levitation Systems
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Abstract: Magnetic levitation ( maglev) system is a non-contact, nonlinear, multi-variable coupling and
easily disturbed electromechanical system. The suspended object is prone to vibration, which leads to the re-
duction of dynamic property and unstable operation of the maglev system. Therefore, the vibration suppres-
sion method of maglev system was analyzed and summarized in this paper. Firstly, the causes of vibration of
the maglev system were analyzed. Secondly, the dynamic modeling of the maglev system was given, and then
the vibration suppression methods of the maglev train, the maglev bearing and the maglev motor were summa-
rized and discussed. Finally, the vibration suppression simulation and analysis of the maglev high-speed mo-
tor were carried out. Overall, the review aims to provide a reference for the realization of the high-precision
position control of the maglev system.
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