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A Two-term Model for Accurate Calculation on Iron Losses of High-speed
Permanent Magnet Motors

WANG Shuheng', ZHAO Shiwei', JING Yiyang', CHEN Bin'?, YANG Xiangyu'
(1. School of Electric Power Engineering, South China University of Technology, Guangzhou

510641, China; 2. Gree Electric Appliances, Inc. of Zhuhai, Zhuhai Guangdong 519000, China)

Abstract: Based on the segmented iron losses calculation method with compensation term, this paper pro-
posed a two-term mathematical model suitable for the accurate calculation of iron losses of high-speed perma-
nent magnet motors. By combining the operating characteristics of high-speed motors, the frequency and
magnetic density intervals were divided, and on the basis of the Jordan’ s iron loss model, eddy current and
hysteresis loss compensation terms were introduced to consider the effects of magnetic saturation, local hys-
teresis loops, skinning effect and other nonlinear factors on the unit loss characteristics of silicon steel
sheets. The new parameters of the model were all segmented constant functions varying with frequency and
magnetic density, which were solved by the L-M algorithm to reduce the computational volume while explicit-
ly reflecting the influence of ferromagnetic material’ s nonlinearities on the calculation of iron losses, so as to
realise the accurate calculation of iron losses. Finally, taking a high-speed motor with silicon steel wafer
35SWH1900 as an example, compared the calculation error of the proposed model with that of the Jordan’s
model in the unit loss, and the experimental results showed that the calculation error of the proposed model is
basically within 15% , it can effectively improve the calculation accuracy of the iron losses of high-speed per-
manent magnet motors.

Key words: high-speed motors; core loss; eddy current loss; skin effect; hysteresis loss
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The Diagnostic Strategies for Bearing Faults in Three-phase Induction Motor

LI Weihang, LIN Tinghao, GAO Zhenbo, WANG Yugqing, KAN Chaohao
(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract; Bearing failure is one of the common faults in three-phase asynchronous motors, and timely and
accurate fault diagnosis is crucial to ensure the normal operation of the motor. Considering that the Motor
Current Signature Analysis (MCSA) method is easily affected by motor fundamental frequency and system
noise interference, this paper proposed a bearing fault diagnosis method for three-phase asynchronous motors
based on Hilbert transform. Firstly, the three-phase current signals were processed using Hilbert transform to
extract the squared envelope of the current signals. Then, the squared envelope signal was analyzed using
Fourier Transform (FFT), a frequency domain analysis method. Finally, the FFT spectrum was normalized ,
and the bearing fault can be determined by observing its spectral characteristics. This method avoids interfer-
ence from the motor fundamental frequency and system noise, and can reliably detect bearing faults in three-
phase asynchronous motors. A test platform has been built to verify the feasibility of the method.

Key words: bearing failure; three-phase asynchronous motor; Hilbert transform; spectral characteristics
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Design and Analysis of Flux-concentrating Field-modulated Motor

CHEN Wenjing
(Bosch Power Tools ( China) Co., LTD., Hangzhou 310053, China)

Abstract; The flux-concentrating field-modulated motor is a type of synchronous motor, which has the ad-
vantages of high torque density, high efficiency, low noise, and high reliability. It is widely used in low
speed and high torque drive train systems. This paper took the flux-concentrating field-modulated motor as a
model and uses the software of Ansys Maxwell to establish a simulation model. Set boundary condition, mesh
generation, material allocation, and excitation, etc. Solved and analyzed the EMF, static magnetic field,

transient field, map and other performance of the model. It provided reference basis for the design and opti-

mization of the motor. A prototype was made and the experimental results verified the feasibility of the de-

sign.

Key words: field-modulated motor; outer rotor; ansys maxwell; finite element analysis
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Data Driven Motor Control Based on Auto Associative Kernel
Regression Algorithm
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Institute, Guangzhou 510000, China; 2. Pinggao Group Co., LTD. , Pingdingshan Henan 467001,
China; 3. Department of Electrical Engineering, Tsinghua University, Beijing 100084 , China)

Abstract; In the field of motor control, the model-driven control method has been widely studied. With the
improvement of computer computing power, it brings the possibility to calculate a large number of data. In
order to further improve the motor control performance, a control compensation strategy based on Auto Asso-
ciative Kernel Regression ( AAKR) algorithm was studied to correct and compensate the motor control
process based on a large number of data during operation, so as to improve the motor control performance,
smooth out fluctuations during operation. Through theoretical and simulation analysis, the method can com-
plete the motor operation control well, and the compensated control strategy can reduce the current fluctua-
tion and torque ripple, and has a certain control compensation effect. This control algorithm is also applica-
ble to the optimization process of other motor control strategies, and has a certain reference value.

Key words: auto associative kernel regression; motor control; compensation correction; data driven
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7 ZE: T ERBEIL(BLDC) LIRS | %R BALRAMRSEDL A, ©Bh B0 I HAT M A9 4% 0038
o AHEH TR RRIASE SN BLDC NERSH= AW, Fin L BLDC A it I J& — MR R4, L4 PID 4l
R TR ER | Xt SEEETAESE PID £5511%) BLDC XA (55 R A I ) RS R G ERE T Mo 5% i%
(a8, #F BLDC #E PRl gn i i b, AR SCHE H (0 R pe a9 R I IE 350 s i T 3R18 =i s A e e Y BLDC H i 5%
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Brushless DC Motor Composite Control Drive System Considering High
Temperature Environment

SU Sheyan', WU Jiawei', HOU Juntao', LI Dong', HUANG Yongsheng’
(1. China Oilfield Services Limited, Langfang Hebei 065201, China; 2. Harbin Shenneng Motor

CO., LTD., Harbin 150060, China)

Abstract; At present, China is increasingly attaching importance to oil reserves. Brushless DC motor
(BLDC) has become the core component of China’s oil field logging industry due to its advantages of high
efficiency, high power density, and low motor temperature rise. However, the high-temperature environment
underground can have an impact on the internal parameters of BLDC. In addition, BLDC is essentially a
nonlinear system, and traditional PID control is based on linear mathematical models. This leads to a de-
crease in the performance of BLDC dual closed-loop (speed loop and current loop) drive systems based on
traditional PID control. In response to this issue, this paper proposed the use of a robust super-twisting algo-
rithm in the design of BLDC speed loop controllers; In order to achieve high dynamic performance of BLDC

electromagnetic torque control, a first-order sliding mode direct torque control system was proposed. Verified

Vol. 57. No.5

the feasibility of the BLDC drive system designed in this paper through simulation and experiments.

Key words: brushless DC motor; oilfield logging; sliding mode control; direct torque control.
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Research on Sensorless Control of Synchronous Reluctance Motor Based on
High Frequency Signal Injection

LIU Xiaoqing', WANG Jin*, LIU Kaiyuan', LIAO Quanmi'
(1. Shenzhen Institute of Information Technology, Shenzhen Guangdong 518000, China;

2. Huazhong University of Science and Technology, Wuhan 430000, China)

Abstract: Synchronous reluctance motor is a special synchronous motor with simple, durable structure and
low cost, which has attracted more and more attention in recent years. The sensorless control technology of
rotating high-frequency voltage injection method was applied to synchronous reluctance motor, and the posi-
tion identification strategy of synchronous reluctance motor without band-pass filter was studied to simplify the
control algorithm, reduce the position identification error and the operation pressure of processor. In the ex-
periment, fundamental voltage and high-frequency voltage are injected separately in odd and even cycles to
fully utilize the experimental power supply capacity, and in the experiment, fundamental voltage and high-
frequency voltage were injected separately in odd and even cycles to fully utilize the experimental power sup-
ply capacity. The simulation model was built on Matlab/Simulink environment. Besides, the hardware test
platform of 1. 2kW prototype was built. The simulation and experimental results both verify the effectiveness
and accuracy of the simplified sensorless vector control algorithm.

Key words: synchronous reluctance motor; sensorless control; high frequency rotating voltage signal injec-

tion; without bandpass filter
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Oversampled Current Singularity Suppression Strategy Based on
Extended Kalman Filter

LIU Yi
(The Sixth Army Representative Room of the Beijing Bureau in Beijing, Beijing 100094 , China)

Abstract; The dynamic response of the current loop of the traditional vector control strategy of permanent
magnet synchronous motor (PMSM) is slow, so researchers often use the oversampling method to improve it.
However, high frequency current pulses are easy to be generated during the commutation time of the driver
switch tube due to the stray parameters of the circuit, and these current singulas are easy to be introduced in-
to the oversampling, which greatly affects the control accuracy of PMSM and the normal operation of the sys-
tem. To solve this problem, this paper proposed a filter method for PMSM peak current noise based on ex-
tended Kalman filter (EKF) , and improved the selection strategy of noise covariance matrix in the traditional
EKF method, and adaptively changes the covariance matrix term in the EKF algorithm according to the de-
tected current noise to filter out the occasional pulse interference. The simulation and experimental results
show that the proposed method has good effect on filtering high-frequency peaking noise, and has strong pa-
rameter robustness, which can meet the needs of practical systems.

Key words: permanent magnet synchronous motor; extended Kalman filter; peak current
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Calculation of Temperature Rise and Analysis of Influencing Factors Based on
Magnetic-thermal Coupling Flat Wire Motor
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2. Hubei Key Laboratory of Power System Design and Test for Elecirical Vehicle, Hubei University of Arts
and Science, Xiangyang Hubei 441053, China; 3. Dongfeng Eleciric Drive Systems Co., LTD.,
Xiangyang Hubei 441106, China)

Abstract; Flat wire-wound permanent magnet motors ( PM motors) have received wide attention in the field
of new energy vehicles due to their advantages of high slot fullness, good heat dissipation and compact wind-
ing ends. Taking an automotive flat-wire wound permanent magnet synchronous motor with a rated speed of
6000 r/min as an example, a coupled electromagnetic and temperature field simulation model was estab-
lished to calculate the effect of loss as a heat source on the temperature rise of the motor by adopting the uni-
directional and bidirectional coupled temperature rise calculation methods, and the simulation results were
verified experimentally. At the same time, the two-way magnetic-thermal coupling method was used to ex-
plore the influence of coolant flow, type and inlet temperature on the temperature rise of the flat-wire motor
under different operating conditions. The results show that the bidirectional magnetic thermal coupling tem-
perature rise calculation results are more consistent with the test results, which verifies the accuracy of the
bidirectional magnetic thermal coupling simulation analysis results. By calculating the temperature distribu-
tion of each component under different influencing factors, the temperature of the motor components decrea-
ses significantly with increasing coolant flow or decreasing coolant inlet temperature under both conditions.
The cooling effect of cooling water is the best when air, aqueous ethylene glycol solution with different con-
centrations, cooling oil and water are used as coolant respectively.

Key words: permanent magnet synchronous motor; flat wire winding; magnetic-thermal coupling; tempera-

ture field
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Research on Lightweight Design of Axle Housing for Electric Driven System
Reducer Based on ABAQUS

LIU Yang', DING Jiansheng’, CHEN Hongtao’, XING Weixia’, WANG Lei*, ZHAO Jianhua
(1. Operation Coordination Department Tianjin Branch CNOOC ( China) Co., LTD., Tianjin 300450, China;

2. College of Academic Applied Technology Changchun University of Technology, Changchun130000, China;
3. Jilin Province Genius Science and Technology Co., LTD., Changchun130000, China; 4. Xi’ an Micromotor
Research Institute Co., LTD., Xi’ an 710117, China)

Abstract; Based on axle housing of the electric drive system reducer as the research object, a three-dimen-
sional digital model was established by using CATIA software, and finite element analysis was carried out by
using ABAQUS software to complete the strength analysis and working condition calculation of the reducer
axle housing. Through the strength analysis and comparison of Al-Mg alloy material and ductile iron materi-
al, under the assumed conditions, the strength requirements can be met, and the weight reduction of materi-
al AIMgS is 60% compared with material QT400-18, which provided important analytical support for light-
weight research on the axle housing assembly of the reducer of the electric drive system, which provided im-
portant analysis support for the lightweight research of the reducer of the electric drive system.

Key words: electric drive; reducer; axle housing; lightweight; finite element model
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Reverse Arc Rotor Tooth Torque Pulsation Suppression
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Abstract: The flux-switching permanent machine has a larger torque pulsation than other permanent magnet
motors due to its unique biconvex pole structure. In this paper, according to the principle of breath magnetic
field modulation, the rotor modulation function was adjusted by adjusting the rotor tooth shape to weaken the
high-frequency harmonic components and thus reduce the torque pulsation. A reverse arc rotor tooth was pro-
posed to suppress the electromagnetic torque pulsation and cogging torque, and thus reduce the output torque
pulsation. The reverse arc rotor teeth were designed for a strongly polymagnetic flux-switching permanent ma-
chine with a biconvex pole structure to modulate the rotor modulation function. After finite element simula-
tion analysis, the reverse arc rotor structure can effectively remove the high harmonics in the air gap, reduce

the electromagnetic torque pulsation and cogging torque, make the motor easy to start, and reduce the torque
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pulsation during motor operation.

Key words: reverse arc rotor tooth; magnetic field modulation

pulsation; flux switching
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Application and Example Analysis of Wind Turbine Power Curve Test
Based on Lidar Measured Data

LI Wenming, TAN Zhenguo, DENG Rui, TAN Mao
(New Energy Branch of Wuling Power Corporation LTD., Changsha 410029, China)

Abstract: Power curve is a key characteristic index of the wind turbine performance capability under normal
operation conditions. With the development of large-scale wind turbine structure, and the technologies of re-
mote senses, the technical efficiency of wind power curve verification using wind tower is not enough. This

paper studied the newest technology of offshore wind turbine power curve measurement based on lidar, the

accurate evaluation and verification of the actual operation power curve of wind turbine.

Key words: lidar; wind turbine; power curve verification
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Review of Noise Measurement for Small-power Motor
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Abstract: Reviewed the definition and expression of noise, commonly used measurement methods for small-
power motor noise, analyzed the uncertainty of measurement results.
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Evaluation of Uncertainty in Micrometer Indication Error and Application in
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Abstract: Geometric measurement is widely used in the research and development, production, and manu-
facturing of electric motors. Analyzing the quality of measurement results, measurement uncertainty is a
measurement. This article first introduced the A-class and B-class evaluation methods and processes for
standard uncertainty. Then, through practical examples, the uncertainty of the indication error of the outer

diameter micrometer used in daily testing was calculated, and the measurement uncertainty of roundness

measurement error using the two-point method of the outer diameter micrometer was explored.
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