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#r8& Halbach B3 kR B IZIT SRR

E2x', 24", W
(1. TP TR A F 4= 1 ABEZCHT, &0 230088 ;
2. AL Tl K2 fiiE£Be, PH4 710072)

B = MK N EERALE  fEm TN, ASCEOT T — #0828 Halbach FEF KL GR#CBAL, SRATAE hLEdl
A1 Halbach s REFES ] P57 i 2= 45 44 90 firp ke it A 3 % 6 TR, DA 3RATHZ L s AL B0 o (LR B P BE, LA — 3K
10 4% 12 4 Halbach P51 K g BR AL A B, N7 48 A —4EATBROCO BORBEAY, J3#r 1R 1 58 BE RN R o Lo Ho
WEFEFE RSN o JET BP Bl 22 2545 20 AP 2 R RE 5 R A ot b R 0 5 B eR RO AR A M I TR, R
AL AR F R 10 58 B R ERER 5 UL . AR T RIIR BT RS, DA BT IS U BILT X R B A AR
7.26% . FEALSEER RN, ASCRITR 1 kW K T 4] Halbach FE51I K REBRCBALABUE TARBCRZI R 89% , Kk
B AL SO TT B AT AT

KR K THfERE; Halbach [R5 ; JREEGFMCEAL; FREFEHE; Potbicit

hESFES; TM351 XHERAREAS: A XEHS: 1001-6848(2023)12-0001-08

Design and Optimization of a Novel Canned Halbach Array
Permanent-magnet Motor

LI Yukai', WU Yingsheng', HU Yuli’
(1. No. 38 Research Institute of China Electronics Technology Group Corporation, Hefei 230028 , China;

2. School of Marine Science and Technology, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract; In order to simplify the structure and improve reliability of the underwater propulsion motor, a no-
vel canned Halbach array permanent-magnet ( PM) motor for underwater propulsion was proposed in this pa-
per. The motor adopted a concentrated winding and Halbach array permanent magnets, and used the shiel-
ding layer structure to completely solve the dynamic sealing of the output shaft. To obtain the optimal elec-
tromagnetic torque of the motor, a 12-slot/10-pole canned Halbach array PM motor was taken as an exam-
ple, 48 transient 2D numerical models are established to study the effects of the slot opening width and main
magnetic pole ratio on the electromagnetic torque. Then, based on the BP neural network, the response sur-
face model describing the functional relationship between the average electromagnetic torque and the main
magnetic pole ratio and slot opening width was established, and the optimal value of design parameters of the
canned Halbach array PM motor was obtained by genetic algorithm ( GA). The average electromagnetic
torque of the optimized model is improved by 7. 26% compared with the initial design. The prototype experi-
ment shows that the rated working efficiency of the 1 kW canned Halbach array PM motor is approximately
89% , which verifies the feasibility of the novel motor structure and optimization design method.

Key words: underwater propulsion; Halbach array; canned permanent-magnet motor; electromagnetic

torque ; optimal design
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Research on A New Type of Double-sided Conical Teeth Traveling
Wave Ultrasonic Motor

YANG Junlin, CHEN Ye, XIAO Shihao, NIU Yijing
(School of Mechanical Engineering and Automation, Liaoning University of Technology,

Jinzhou Liaoning 121001, China)

Abstract; A double-sided conical teeth shaped traveling wave rotating ultrasonic motor based on in-plane
bending mode was proposed in order to improve the output torque of in-plane bending mode traveling wave
rotating ultrasonic motor and the stability of the rotor during ultrasonic motor operation. The motor consists of
a double-sided conical stator with a double internal conical rotor, enabling a double-sided drive. The para-
metric model of the stator was established through finite element software for simulation analysis, and the
structural parameters, operating mode frequency, and vibration mode of the stator were established. A proto-
type was made, and the vibration characteristics of the stator and the output performance of the prototype
were lested. The experimental results show that when the peak to peak excitation voltage is 300 V and the
excitation frequency is 22. 665 kHz, the locked rotor torque of the motor is 3. 087 N + mm, and the maxi-
mum no-load speed is 160 r/min.

Key words: rotating ultrasonic motor; double-sided drive; traveling wave; in-plane bending mode
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Calculation and Simulation Analysis of Rotor Current of High-power
Doubly Fed Wind Turbine

NIU Hailong', MA Jiefang', CHU Weiheng’
(1. CRRC Xi’ an Yonge Jieli Wind Energy Co., LTD., Xi’an 710018, China;

2. Xi’ an Micromotor Research Institute Co., LTD., Xi’an 710117, China)

Abstract; The wind power market has become an era of parity for bidding on the grid, and under the influ-
ence of the market environment, the precise design of generators has become a hot spot to be overcome. In
the design process of doubly fed wind turbine, the accuracy of rotor current calculation is not only related to
the motor cost, but also has an important impact on the selection of rotor side converter. This paper proposed
a method based on skin effect and finite element simulation for the accurate calculation of rotor current in the
design process of doubly fed wind turbine. This method can accurately calculate the rotor current values un-
der various working conditions within the allowable error range, which provides certain guidance for the sub-

sequent accurate optimization design and the formulation of rotor side control strategy, and verifies its feasi-
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bility by comparing with the test value.

Key words: double fed wind turbine; rotor current; skin effect; finite element analysis
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Decoupling Control of High-speed PMSM
——Complex Vector Decoupling and Parameter Sensitivity Analysis

GU Siyun, SHEN Jianxin
(College of Elecirical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Permanent magnet synchronous motor ( PMSM) has a serious problem of d-axis and g-axis cou-
pling under high-speed conditions, which adversely affects the system control performance and even leads to
instability of the current loop. Control parameters of the decoupling strategy need to be adjusted according to
the motor parameters, which has a certain dependence on the motor parameters. When the motor parameters
are disturbed and mismatched, the decoupling effect may be deteriorated. To solve the above problems,
complex vector model of the PMSM traditional PI current control system was established, and the influence of
coupling on the dynamic and steady state performance of the system was analyzed. The characteristics of
feedback decoupling and complex vector decoupling in decoupling principle and effect were compared and
analyzed. A sensitivity function of the decoupling strategy parameters was defined to analyze the sensitivity of
resistance and inductance parameters of different decoupling strategies. The sensitivity analysis results show
that complex vector decoupling has better decoupling control effect, and is less sensitive to the inductance
and resistance parameters, that is, it has high robustness. The effects of different decoupling strategies were
compared with Simulink simulation, and the correctness of the theoretical analysis was verified with parame-
ter mismatch simulation.

Key words: PMSM; decoupling control; complex vector; current loop stability; sensitivity
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Fast Predictive Position Control of Permanent Magnet Synchronous Motor

System Based on Alternative Vector Optimization

LIN Shun', YI Dewu', WANG Zhigiang
(1. Bei Fang Investigation, Design & Research Co., LTD., Tianjin 300222, China;
2. School of Automobile and Transportation , Tianjin University of Technology and Education ,
Tianjin 300222, China)

Abstract; Aimed at the problem that it is difficult to adjust the weight coefficients of position, speed and
current in the traditional cost function of the position predictive control for permanent magnet synchronous
motor system, and the problem of low calculation efficiency of control voltage vector selection under the erg-
odic method. This paper proposed a finite control set fast position predictive control strategy based on alter-
native vector optimization. First, the reference voltage vector with current, speed and position was predic-
ted, and then the cost function was converted to the voltage dimension to leave out the weight coefficient,
and the maximum current, speed limit was unified to the voltage dimension to realize the current and speed
limit. At the same time, the optimization selection of the candidate vector was carried out according to calcu-
lating the position of the reference voltage vector to reduce the number of candidate voltage vectors from 8 to
3, reducing the number of calculations. Finally, the experimental study proves that the proposed control
strategy has better dynamic response speed and motion control accuracy, at the same time, there is no need
to adjust the weight coefficient, and the computation times are saved by about 45% .

Key words: finite control set fast position predictive control; position control; permanent magnet synchro-
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Thermal Backup Redundancy Based on Dual Parallel Drive System

LIU Yanan, WANG Zhipeng, HE Zhengxi, LIU Feiyang, YOU Zhou, LIU Wenjing, LI Peng, PENG Renyong
( Nuclear Power Institute of China, National Key Laboratory of Science and Technology on Reactor System

Design Technology, Chengdu 610213, China)

Abstract; Traditional parallel drive technology is widely used in hot backup redundant drive system for its
advantages of high power density, low cost and hot swap. However, it has the problem that the master-slave
structure is not conducive to fault tolerance. To solve this problem, this paper proposed a redundant drive
strategy based on token bus for push host hot backup. After analyzing the characteristics of the traditional
parallel drive system, this paper combined the token ring bus technology which was suitable for distributed
topology with the parallel drive technology to solve the problem that the whole system breaks down when the
master station breaks down in the master-slave structure. At the same time, the application of the low circu-
lation parallel drive technology in the drive system of the main thermal backup redundant machine was also
discussed. Compared with the traditional scheme, this scheme improved the high reliability of the thermal
backup redundant drive system and reduces its operating circulation. Finally, a simulation model was estab-
lished in Matlab environment. The experimental results show that this scheme can improve the system stabili-
ty and effectively control the driving circulation without losing the motor control effect.

Key words: motor; redundancy; token bus; simulation
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Abstract: High-performance permanent magnet synchronous motor (PMSM) is used as the transmission motor
was proposed for the problem that commercial electronic weighing instrument drive motors are easy to lose step
when working for a long time. To improve the dynamic performance of permanent magnet synchronous motor
(PMSM) sensorless control, such as response speed, stability and control accuracy, iterative extended Kalman
filter (IEKF) speed and angle estimation strategy based on improved sliding mode control (ISMC) was proposed.
The sliding surface function and reaching law were optimized, which improved the problems of poor stability
and long time to reach steady-state speed of traditional sliding mode algorithm. Specifically, this strategy an-
alyzed the advantages and disadvantages of different sliding surface functions to design a new sliding surface
function ; at the same time, a new reaching law function was designed, and the variable phase was intro-
duced to adjust the change rate of the sliding mode surface function to ensure that the system was controlla-
ble. Compared with the traditional sliding mode algorithm, this strategy can make the system stable more
quickly, and does not need to consider the friction and uncertainty factors in the kinematics model, which
has broad practical application prospects. Aiming at the problem of poor prediction accuracy of extended Kal-
man filter in dealing with strong nonlinear signals, considering the limitations and noise, an iterative algo-
rithm was proposed to optimize the state vector and covariance matrix to improve its prediction accuracy. The
simulation and experimental results show that the proposed method shortens the time for the motor to reach
the steady-state speed, improves the speed prediction accuracy and the stability of the motor operation.

Key words: permanent magnet synchronous motor; extended kalman filter; sensorless control; sliding mode

control
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Research on Application of Integrated Starting/Generating
Technology in Diesel Generator

WANG Jie, WANG Ruicheng, DENG Zhiming, LIU Taosheng
( Electromechanical Department, Naval Petty Officer Academy, Bengbu Anhui 233012, China)

Abstract; Ship or land diesel generator usually uses compressed air, electric starting, hydraulic and other
special starting devices to start the unit. After successful starting, these devices stop running, resulting in
large space occupation, low utilization rate and low efficiency of the starting device; In view of the successful
application of brushless synchronous starting/power generation integration technology in foreign aeroengines,
this paper, based on the analysis of the operation mechanism of multi-stage brushless generator in electric
mode and power generation mode, combed and compared the advantages and disadvantages of three technical
schemes currently proposed at home and abroad, namely single-phase AC excitation, two alternating current
excitation and three-phase AC excitation, and conducted a feasibility study on its application in diesel gener-
ator. The applicable fields of each scheme were identified, providing reference for subsequent research.

Key words: integrated starting/ power generation; multi-level brushless AC synchronous generator; AC excited
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Design and Implementation of an Electric Throttle Table Based on FOC

TANG Jingliang' , ZHANG Zhenghua' , PEI Jiangang' , WANG Lei’
(1. Xi’an Branch of Lanzhou Flight Control Co., LTD., Xi’ an 710100, China

2. Xi’ an Micromotor Research Institute Co., LTD., Xi’ an 710077, China)

Abstract; The electric throttle station is a control component of the aircraft power plant system. By manipu-
lating the throttle lever of the throttle station, the angle signal of the throttle lever is provided to the aircraft
engine FADEC, achieving the function of controlling engine thrust. In automatic mode, the automatic throt-
tle module of the throttle station has disadvantages such as low control quality and poor stability during low-
speed operation. This design proposed using a rotary transformer to obtain the absolute position data of the
PMSM and using a vector control method based on magnetic field orientation to achieve precise control of the
PMSM. According to the experimental results, the throttle table design has high control quality, small stead-

y-state error, and high stability in low-speed working mode.

Key words: FOC; FADEC; resolver; auto throttle
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Optimization Design and Application of Electric Drive Electronic
Control System for Large-tonnage Mining Dump Truck

ZHANG Jianhua', ZHOU Zhiyu®, ZHANG Guoying', GAO Junfeng', FU Ruyuan®, QIN Canhua’
China Shenhua Energy Co., LTD., Ha’ erwusu Open-pit Coal Mine, Ordos Inner Mongolia 017100, China;

2. Zhuzhou CRRC Times Electric Co., LTD., Zhuzhou Hunan 412001, China)

Abstract: For MT5500B mining dump truck (326T) , during the application process, the supplementary fan
damage, insufficient power of the braking system, and braking resistance burning loss of the electrical drive
system. On this basis, in-depth research on traditional ore dial-loop carrier-driven power control systems,
analyzed and summarized the problem of traditional systems and the root causes. Proposal and use the main
and auxiliary electrical drive electrical control system solution to effectively solve the problem of insufficient
original vehicle fan and braking performance. In order to further provide the dynamic performance of the vehi-
cle, the traction motor control adopts the Direct Torque Control-DTC strategy with better dynamic response per-
formance. The system scheme has completed the on -site loading application through design and development
to achieve the design goals, which proves that the new system scheme is effective and has important practical
guiding significance for the design application of the mining vehicle electric drive electrical control system.

Key words: mining dump trucks; electrical drive electrical control systems; supplementary fan; braking systems
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Selection of Fitting Algorithm for Coordinate Measuring Machines

in Engineering Measurement

LIU Junli, ZHANG Xu, LI Quanyang, LI Zhisheng, ZHANG Jian
(Xi’ an Micromotors Research Institute Co., LTD., Xi’ an 710117, China)

Abstract: The emergence of coordinate measuring machines is a major revolution in the measurement indus-
try , which has a profound impact on the development of the measurement industry. This paper introduced the
development history, composition, and measurement principles of CMM, with a focus on analyzing the fitting
algorithms of three coordinates in actual measurement. Using circles as an example for measurement, deter-
mined the selection of the fitting algorithm for CMM in engineering measurement.

Key words: measuring principle; analysis; fitting
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Research on the Relationship Between Stiffness and Compressibility of
Vibration Damper Based on FEA Method

XIE Feng', ZHOU Yanjian', JIANG Longshun', LIN Xian®, LIU Xian’
(1. Midea Corporation Research Center, Foshan Guangdong 528311, China;
P

2. Midea Washing Appliance Manufacturing Co., LTD., Foshan Guangdong 528311, China)

Abstract: In order to investigate the relationship between the installation pre compression shrinkage and
stiffness of a certain type of rubber isolation pad, a static stiffness model of the isolation pad was established
under different pre compression shrinkage conditions. Using commercial finite element software and Mooney-
Rivlin hyperelastic material constitutive model, the isotropic stiffness of rubber vibration isolation pad under
different compression was analyzed. The results indicate that the compression of the vibration isolation pad in
this structural form is more sensitive to changes in vertical stiffness, and has little effect on changes in stiff-
ness in both radial and tangential directions. The conclusion of the finite element calculation method is fur-
ther verified through experiments, so this calculation method has certain guiding significance for the selection
and use of vibration isolation pads.

Key words: natural frequency; vibration attenuation ratio; rubber damper; FEA method
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Research on the Precision Grinding and Polishing Technology

for the Outer Sphere of the Servomotor Shaft

WANG Huiling, FENG Hua, HE Wenjing, KANG Xiaoli, LIU Junli, LI Yu
(Xi” an Micromotor Research Institute Co., LTD., Xi’ an 710117, China)

Abstract; Precision grinding and polishing is a precision machining process used when other metal cutting
processes fail to meet the requirements of work piece accuracy and surface area roughness, for the matching
gap must remain unchanged for a long time, it is necessary to obtain a high dimensional accuracy, and it is
required that the matching contact part between the parts has a high sealing, adhesion, etc. , which needs to
be realized in the grinding process. In this paper, the necessity of spherical grinding in small batch produc-

tion, the principle of manual grinding, grinding tools, grinding paste and manual grinding process were ex-
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pounded and analyzed.

Key words: grinding agents; manual grinding; grinding principle; grinding method
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