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Optimization Design of High Speed Permanent Magnet
Motor Rotor Electrical Vehicles

GUAN Tao'*, LIU Dameng'*, WEN Zhe*, PEI Bin’
(1. State Key Laboratory of Tribology in Advanced Equipment, Tsinghua University, Beijing 100084, China;

2. Tianjin Research Institute for Advanced Equipment, Tsinghua University, Tianjin 300300, China;
3. China FAW Group Corporation, Changchun 130000, China)

Abstract; With the development of electrical vehicles drive motor towards high voltage, high speed, high ef-
ficiency and high comfort, higher requirements are put forwards for the design of PM machine. Taking the
rotor structure design of a vehicle high-speed in-wheel PM machine with peak power of 65kW, maximum
speed of 9500r/min and peak torque of 650Nm as an example, the electromagnetic, heat transfer, and me-
chanical characteristics of the machine rotor were studied and analyzed by establishing finite element and
thermal circuit models. In order to improve the comfort of vehicle operation, the rotor magnetic circuit struc-
ture parameters were used as optimization parameters and the rotor of the in-wheel machine was optimized by
the Taguchi method. Under the premise of ensuring that the output torque not reduced, aiming to reduce mo-
tor torque ripple, the parameters with the lowest cogging torque and THD of winding back electromotive force
preferred combination. Simulation results show that compare with parameters before optimization, the torque
ripple is reduced by 1.3% . This research has theoretical significance for design of high-speed permanent
magnet motors for heavy-duty unmanned vehicles.

Key words: in-wheel machine; Taguchi method; torque ripple; rotor structure
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Insulation Optimization Design of End Excitation Linear Ultrasonic Motor

DENG Xinchen, YAO Zheng, LU Danhong, CHENG Guilin, QIAN Chengchen
(School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract; For coupled-mode linear ultrasonic motor based on end excitation, the distance between the sil-
ver-plated surface of the piezoelectric ceramic and the protruding structure of the metal elastomer was rela-
tively close, which limited the amplitude of the applied voltage and had a significant impact on the driving
performance of the motor. This article optimized the protruding structure of the metal elastomers by designing
a protruding structure based on air insulation and a composite protruding structure based on resin insulation.
Theoretical analysis shows that although the protruding structure motor based on air insulation has the smal-
lest maximum electric filed intensity, which is favorable for insulation, its driving performance is weak. The
composite protruding structure motor based on resin insulation has a relative balance of insulation perform-
ance and driving performance. The article made a prototype and conducted experiments. Comparing to the
traditional coupled-mode standing wave linear ultrasonic motor based on end excitation, the experimental re-
sults showed that maximum no-load speed of the composite protruding structure motor with resin insulation
had a significant improvement, which was from 41. 56 mm/s to 72. 40 mm/s.

Key words: ultrasonic motor; composite protruding structure ; insulation; no-load speed
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Modal Test and Simulation Optimization of Locomotive Traction Motor Rotors

ZHANG Zhe"*, QIN Zhuanli'*
(1. CRRC Yonhji Eleciric Co., LTD., Xi’an 710000, China;

2. Shanxi Provincial Key Laboratory of Traction Motors for Rail Transit, Yongji Shanxi 044500, China)

Abstract: The rotor of traction motor is the core of the motor rotation, and the natural frequency design of
the rotor should avoid the actual operating frequency and speed. The finite element analysis method based on
software is currently the most widely used natural frequency calculation method in the design phase, which
affects the accuracy of calculation results, including material parameters, actual contact states between com-
ponents, etc. Actual modal testing was conducted using the LMS company$ acquisition system, and the fi-
nite element analysis method of Ansys was used to calculate the natural frequency of the rotor considering the
actual contact state between the guide bar and end ring, guide bar and iron core, iron core and shaft. Based
on the acquisition system of LMS company in Belgium, actual modal testing was conducted to verify the ef-
fectiveness of Ansys calculation results, provided a useful reference for further improving the modal simula-
tion accuracy of the traction motor rotor, and provided a basis for further improving the rotor structure and
ensuring that the rotor will not have resonance in actual operation.

Key words; traction motor squirrel-cage rotor ; finite element analysis; modal test; natural frequency; reso-
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Decoupling Control of High-Speed PMSM
Digital Delay by Low Carrier Ratio and Smith Predictive Control

GU Siyun, SHEN Jianxin
( College of electrical engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: When the permanent magnet synchronous motor (PMSM) runs at high speed, due to the limited
switching frequency of the inverter, the carrier ratio is low, and the problem of digital delay will be aggrava-
ted, which directly affects the control performance of the system and even causes the system instability. Ai-
ming at the problem of digital delay under low carrier ratio condition, the digital delay was modeled accurate-
ly in complex vector form. The influence of digital delay on the system performance was analyzed based on
the root locus of speed and current loop bandwidth, closed-loop zero pole diagram and bode diagram, and the
critical instability speed of the system was given. Combined with the complex vector decoupling strategy, an
improved decoupling and delay compensation current control strategy based on Smith predictive control was
proposed. This strategy can avoid the instability of the system at high speed and low carrier ratio, improve
the stability of the current loop, and the system has better dynamic response and decoupling performance.
Simulink simulation was used to verify the effectiveness of the proposed decoupling and delay compensation
control strategies.

Key words: PMSM; low carrier ratio; delay compensation; Smith predictive control; complex vector
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Intelligent Wheelchair BLDCM Control Based on Fuzzy BP Neural Network

LI Wei, LIU Hu, SUN Dawen
(School of Mechanical and Vehicle Engineering, Changchun University, Changchun 130022, China)

Abstract: At present, most wheelchair motors still use traditional PID control, which has problems such as
low control accuracy, large overshoot and poor anti-disturbance ability. To solve these problems, a fuzzy BP
neural network-based control method for Brushless Direct Current Motors ( BLDCM) was proposed after stud-
ying its control methods. Firstly, the BLDCM structure was studied and a mathematical model was construc-
ted. Secondly, a fuzzy BP neural network PID controller was constructed on the basis of the model. Finally,
the whole motor control system was built in Matlab/Simulink to simulate the motion control under three dif-
ferent working conditions, and compared with the traditional PID control algorithm. The experimental results
show that the fuzzy BP neural network PID control strategy can obtain better PID control parameters, have
good anti-disturbance ability, and effectively improve the dynamic performance of the entire wheelchair con-
trol system.

Key words: brushless DC motor; PID control; fuzzy BP neural network; Matlab/Simulink
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Intelligent Control of Double Axis Voice Coil Motor Drive System Based
on Neural Network

LI Shan, JIANG Hui
(College of Electronic Engineering and Automation, Guilin University of Electronic Technology,

Guilin Guangxi 541004, China)

Abstract; In the double axis or multi axis drive servo system, the dynamic characteristics of each axis were
coupled with each other, which seriously affected the positioning accuracy and contour accuracy of the plat-
form. However, the traditional control method had a large amount of computation and it was difficult to find
the optimal value. Therefore, an intelligent control strategy based on neural network was improved in this pa-
per, it was on the basis of a cross-coupled controller based on setting forward compensation. It used S func-
tion to realize the online adjustment of neural network and the automatic adjustment and optimization of pa-
rameters. It changed the learning speed of the system, enhanced its adaptive ability, simplified the operation
complexity, and realized the intelligent tracking control of the system. Carried on the simulation with the
Matlab software to the method in this paper, and carried on the comparison with the other methods, finally
indicated that the improved method has the very good effect in reducing contour error and improving positio-
ning accuracy, has experimentally verified the validity and effectiveness of the control strategy.

Key words: neural network ; contour error; intelligent control
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Sliding Mode Control System of Electric Steering Gear Based on FPGA

LI Baoling'*, LIU Xinmei'?, YIN Junling'*, WANG Qiansheng'"
(1. School of Information and Communication Engineering, North University of China,

Tatyuan 030051, China; 2. State Key Laboratory Electronic Testing Technology, Taiyuan 030051, China)

Abstract; Electric steering gear is a key component of modern UAV flight control system. Aiming at the
problems of poor interference suppression ability, low tracking accuracy and slow response speed of tradition-
al electric steering gear system, an improved and optimized sliding mode control (SMC) algorithm was pro-
posed. Firstly, the nonlinear problems such as external disturbance and friction clearance were fully consid-
ered in the system modeling and experimental platform construction. Based on this, a new sliding mode sur-
face function was designed; Secondly, the switching control function was redesigned to make the deflection
Angle of the rudder more accurate and effectively improve the tracking accuracy of the system; Finally, a
first-order low-pass filter was introduced into the system to effectively eliminate the chattering problem of con-
trol quantity. The algorithm was realized by FPGA chip and verified by design experiment. The experimental
results show that compared with the traditional PID algorithm, the improved sliding mode control algorithm
has stronger interference suppression ability and faster dynamic response speed, and the tracking error was
reduced obviously. It can be seen that the algorithm has strong advantages in solving the nonlinear problems
of electric steering gear, and basically meets the precise control requirements of rudder deflection. It has
strong practical application value in the production practice of UAV products.

Key words: electric steering gear; sliding mode control algorithm; FPGA; PID; PWM
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Sensorless Control of PMSM Based on Improved SMO

EN Dakai', WANG Zhenyan', HE Yanzhao™"
(1. School of Electronic and Information Engineering, Taiyuan University of Science and Technology,

Taiyuan 030024, China; 2. Beijing Sunwise Space Technology Lid, Beijing 100190, China;
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Abstract ; Since the control function of the traditional sliding mode observer (SMO) adopts the sign function
with discontinuity. The back electromotive force of permanent magnet synchronous motor (PMSM) collected
by SMO has serious high frequency buffeting, there is a large deviation between estimated rotor position and
actual rotor position. In order to improve the sensorless control precision of PMSM, an improved SMO based
on a new control function was proposed. The function 7(s) was proposed as a control continuous function,
the position information of rotor were obtained by the phase-locked loop, the system buffeting was reduced
and the accuracy of rotor position estimation was improved. At the same time, the stability of the system was
verified by Lyapunov stability criterion. Finally, the simulation results based on Matlab/Simulink software
showed that the proposed improved SMO effectively reduced the buffeting of PMSM anti-electromotive force
and improved the control accuracy of the senseless control system of PMSM.

Key words: permanent magnet synchronous motor; sliding mode observer; phase locked loop; Lyapunov
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Maximum Power Point Control Technology for Photovoltaic Power
Generation Units Under Voltage Support

JIN Shihe, XIE Chen, QU Hao, FAN Jinpeng
(The Third Construction Co., LTD of China Construction Eighth Engineering Division ,

Nanjing 210000, China)

Abstract; The conventional maximum power point control technology for photovoltaic power generation units
lacks consideration for adaptive voltage support in adjusting mechanical power, resulting in poor maximum
power point control effectiveness. Based on this, a maximum power point control technology for photovoltaic
power generation units under voltage support was proposed. Using the power signal feedback method to detect
the power of photovoltaic power generation units, the inherent power of the photovoltaic power generation unit
was taken as the main parameter, and the power of the photovoltaic power generation unit was tracked based
on the changes in the operating state points of the power generation unit. Based on the power tracking results
of the photovoltaic power generation unit, under the adaptive voltage support, the mechanical power was ad-
justed through a dual input single output structure, and the adjusted mechanical power was imported, Use it
as the basic data for maximum power point control, and adjust the controller parameters in real-time accord-
ing to the membership function to complete the maximum power point control of photovoltaic power generation
units. The results show that after using the method designed in this article for control, the maximum power
amplitude of the photovoltaic generator unit is effectively reduced, and the control effect is good, which has
good application value.
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Design of Rotor Winding for Brushless Doubly-fed Wound-rotor Machine

MAO Yong', XIA Yunqing', YAN Rui’
(1. Changsha Xiangdian Electric Technology Co., LTD., Changsha 412000, China;

2. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract; For analyzing and calculating the stead-state performance of the Brushless Doubly-Fed Generator
(BDFG) accurately and quickly, based on the electromagnetic design program of the traditional three-phase
induction machines and the equivalent circuit of the BDFG, the Computer Aided Design ( CAD) system of
the wound-rotor BDFG was developed by using the software of Visual C++ 6.0 in this paper. The machine
performance under different rotor speeds and different control voltages can be calculated in the CAD sys-
tem. The comparison of the calculated results and the experimental data indicates that the results of the
CAD system are accurate and it is effective and convenient for the design of the wound-rotor BDFG by using
the computer.

Key words: brushless doubly-fed generator; computer Aided Design ( CAD) system; equivalent circuit;
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Active Algorithm for Overload State Estimation of New Energy Wind
Generator Based on Grey System Theory and Cluster Analysis

YANG Xiaofeng, YU Qinxin
( Longyuan Power Group( Shanghai) New Energy Co., LTD., Shanghai 200122, China)

Abstract: In the process of estimating the overload state of the generator, due to many factors affecting the
load state and the unstable attribute, the estimation error is large. Therefore, the active estimation algorithm
of the overload state of the new energy wind turbine based on gray system theory and cluster analysis was pro-
posed. In the analysis of wind power generation state, the characteristic line method was introduced to trans-
form the non-constant flow of wind strike into the form of ordinary differential equation, and then transform
the ordinary differential equation into differential equation, so as to realize the effective analysis of the com-
plex wind transient of wind power generation system. In the overload estimation stage, the original state data
information of the wind power generation system was transformed into a gray generation column with the help
of the time continuous function model, and the specific load state was classified by hierarchical clustering.
Finally, the load information of the gray column was combined to realize the accurate estimation of the over-
load state of the wind turbine. In the test results, the error of the estimation results of the design active esti-
mation algorithm and the actual overload situation under different working conditions is stable
within 0. 01MW.
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Analysis and Research on Cooling Structure of High-power
Asynchronous Wind Turbine

LI Yan, ZOU Qianglong, WANG Qingbing
(CRRC Zhuzhou Motor Co., LTD., Zhuzhou Hunan 412000)

Abstract : With the development of wind power technology and the continuous increase of single machine ca-
pacity, cooling structure design, noise performance, cost, etc. have become key links in motor design. At
present, there is relatively little research on the correlation between ventilation and cooling structures and
noise of high-power asynchronous wind turbines both domestically and internationally. This article took an a-
synchronous wind turbine as an example and used CFD simulation analysis method to simulate and analyze
the fluid and temperature fields of different structure coolers, stator and rotor ventilation ducts. The research
results indicate that the M-type heat exchanger has the effect of reducing the internal wind resistance of the
motor and increasing the internal air volume. It has a certain cost advantage while meeting the temperature rise
requirements of the winding. At the same time, the staggered ventilation channels of the generator stator and
rotor can reduce the aerodynamic noise of the motor to a certain extent. Through the above analysis and sum-
mary, it is hoped to provide some reference for the cooling structure design of asynchronous wind turbines.

Key words: asynchronous wind turbines; heat exchangers; temperature rise; aerodynamic noise
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