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FE 4SS TM351; TM341; TP272 XEEREE: A NEHS: 1001-6848(2025)06-0001-07

Control Strategy of Permanent Magnet Synchronous
Motor With LCL Filter at Low Carrier Ratio

ZHOU Zixiang, ZHAO Shiwei, CAO Jianghua
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract: Permanent magnet synchronous motor (PMSM) in the low carrier ratio working condition switching frequency har-
monic problem is more prominent, easy to cause the motor operation noise increase and efficiency reduction, etc. Although the
LCL filter can effectively filter harmonics, but the introduction of the system of higher-order terms exacerbate the d-¢ axis cou-
pling, causing current oscillation and other problems. In order to solve the above problems, this paper analyzed the mechanism
of d-q axis coupling of the current loop under low carrier ratio operating conditions and proposes an ESO-PI composite control
strategy. This strategy introduced an extended state observer (ESO) in the d axis to estimate the “total disturbance” and com-
pensate it in real time, so as to suppress the current loop coupling. Simulation and experimental results show that the strategy

can still achieve good coupling suppression effect when the carrier ratio is as low as 10, which improves the dynamic perform-

Vol. 58. No. 6

ance of the system.

Key words: permanent magnet synchronous motor; low carrier ratio; LCL Filter; coupling suppression; ESO
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PMSM Control Based on Improved Sliding Mode Disturbance Observer

WANG Shuwang', JIANG Yaojun®, CHEN Suxin’
(1. Anhui JEE Technology Co. , LTD. , Hefei 230041, China; 2. School of Mechanical

Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to improve the dynamic response performance and anti-interference ability of permanent magnet synchronous
motor (PMSM) sliding mode control (SMC), firstly, an improved sliding mode speed controller was designed using integral
sliding mode surface, which speeded up the response speed of the system and reduces buffeting. Secondly, a sliding mode dis-
turbance observer was designed using load torque and speed as state variables, which improved the observation accuracy and re-
duces the steady-state error of the system. Finally, a model simulation was built in Simulink, and the results show that: when
the speed changes, the SMC has improved no overshoot reaching target value and the reaching speed is increased by about
90% . When the load changes abruptly, the SMC speed fluctuation decreases by about 60% and the approach speed increases
by about 80% , indicating that the method is effective.

Key words: permanent magnet synchronous motor; improved approach law; sliding mode control; disturbance observer
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A Disturbance Compensation Drive System for Brushless DC
Motor Considering High Temperature Environment

CHU Xiaodong', ZHI Hongxu', JIA Qiyong', WANG Jianhang’
(1. China Oilfield Services Limited, Langfang Hebei 065201, China;

2. Harbin Shenneng Motor Co. , LTD. , Harbin 150060, China)

Abstract: At present, oil holds significant importance as a core energy source for countries. Brushless DC motors ( BLDC)
have advantages such as simple structure and high efficiency, making them a core component in Chinas oilfield logging indus-
try. However, the high-temperature environment underground can affect the internal parameters of BLDCs, leading to internal
and external disturbances in the BLDC drive system. This results in the performance degradation of the traditional PID-based
double closed-loop ( speed loop and current loop) drive system for BLDCs. To address this issue, this paper introduced a com-
posite control system for BLDC speed loop controller design. It integrated the speed loop based on a hyper-spiral algorithm and
a first-order sliding mode direct torque control with an extended sliding mode disturbance observer for disturbance compensa-

tion. The feasibility of the proposed BLDC disturbance compensation composite control system was verified through simulations
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and experiments.

Key words: brushless DC motor; oilfield logging; sliding mode control; disturbance compensation.
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Limit Cycle Oscillator-based Rotor Position Estimation in Permanent
Magnet Synchronous Motors

WANG Quanjiang, ZHANG Song, JIANG Wen
(College of Electrical Engineering, Qingdao University, Qingdao Shandong 266071, China)

Abstract: Aiming at the technical difficulties of position sensor-less control of permanent magnet synchronous motor, an obser-
vation model based on limit loop oscillator (LCO) was designed. On the basis of the nonlinear magnetic chain observer, the
current model was established as a benchmark reference system, the voltage model was used as a dynamic compensation unit,
and the frequency adaptive adjustment function was realized through the dynamic phase compensation mechanism of the frequen-
cy-locked loop (FLL) and the LCO. This scheme significantly reduces the rotational speed fluctuation without the need for
manual parameter tuning, realizes a higher precision real-time detection of the rotor position in the low-speed interval, and ef-
fectively inhibit the phase shift phenomenon caused by low-frequency harmonic interference, providing a solution for the stable
operation of the compressor at low speeds. The proposed algorithm is experimentally verified on the experimental platform with
TMS320F28335 processor as the control core, and the results show that the model is feasible.

Key words: nonlinear flux observer; limit cycle oscillator; permanent magnet synchronous motor; sensorless
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Research on Generation Control Strategy of Five-phase Open-winding PMSM
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Abstract: In view of the high-reliability power generation demands in domains such as aerospace, the fault-tolerant control of
power generation system based on five-phase open-winding pmsm was studied. Firstly, the principles of power generation con-
trol, the diagnostic methods under open-circuit faults, and the fault-tolerant control strategies were analyzed. Then, the fault-
tolerant control models under one phase open circuit, adjacent two-phase open circuit and non-adjacent two-phase open circuit

fault were established and verified by simulation. Finally an experimental platform was constructed, and the feasibility of the

fault-tolerant power generation control strategy was verified by experiments.
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Research on Mistripping Detection of Isolation Switch
Motor Power Supply in 220 kV Substation

ZHANG Libing, DONG Xinghua, BAI Xu, DU Lina, JI Haiming, XU Yunjing
(State Grid Jibei Electric Power Co. , LTD. , Chengde Power Supply Company, Chengde Hebei 067000, China)

Abstract: There is a nonlinear coupling relationship between the torque and current characteristics of the motor drive system of
the isolation switch in the 220 kV substation, which makes it difficult to accurately capture the dynamic characteristics of the i-
solation switch during the closing and opening process, and the accuracy of detecting power supply false tripping is insufficient.
Therefore, a method for detecting false tripping of the power supply of the isolation switch motor in a 220kV substation was pro-
posed. By drawing the torque current curve of the isolating switch in normal state for closing and opening, and using it as the
standard curve, the nonlinear coupling relationship between torque and current can be accurately described. On this basis, de-
termine the meshing points in the actual torque current curve of the isolation switch, connect the above meshing points to obtain
the torque current curve to be detected, and capture the dynamic characteristics. Using morphological similarity measurement
algorithm to analyze the similarity between the torque current curve to be tested and the standard curve, in order to achieve the
detection of false tripping of isolated switch motor power supply. The experimental results show that the proposed method has
high accuracy in current and torque detection, with a Matthews correlation coefficient value higher than 0. 8, and can accurately
complete false tripping detection.

Key words: 220 kV substation; isolating switch; torque current curve; morphological similarity measurement algorithm; mis-

trip detection
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Parameters Estimation of Three-phase Induction Motor
Based on Squirrel Search Algorithm

SU Wensheng', ZHOU Chao', DOU Jianping®, WANG Pingyuan *, JIANG Zhikang’
(1. Special Equipment Safety Supervision Institute of Jiangsu Province, Nanjing 210036, China;
2. Southeast University, Nanjing 211189, China)

Abstract: Accurate parameters estimation of three-phase induction motor (TIM) model is the key to achieving efficient vector
control and energy-saving control, as well as the foundation for motor digital twin and fault diagnosis. This article used a newly
proposed Squirrel Search Algorithm (SSA) to estimate the stator and rotor resistance, self inductance, and mutual inductance
parameters of a three-phase induction motor. A two-phase stationary coordinate system was used for motor modeling. In SSA,
the parameters to be estimated were continuously adjusted based on the difference between the measured and estimated currents
of the TIM. After multiple iterations, the parameters values were estimated. The calculation results indicate that the current
calculated based on SSA algorithm was highly consistent with the measured values. Finally, SSA algorithm was compared with

whale optimization algorithm and particle swarm optimization algorithm. The estimated parameters have small errors, as indica-

ted by the comparison results. The results show that SSA has advantages in estimation accuracy and convergence speed.

Key words; three phase induction motor; parameter estimation; squirrel search algorithm; estimation accuracy;

convergence speed
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Design of Rotary Electromagnetic Launcher Based on
Reconnection Electromagnetic Launch Principle

DONG Liang, XIE Xiaokun, JIANG Wenlong, LI Hengyou, ZHAO Xin
(School of Electrical Engineering Southwest Jiaotong University, Chengdu 611756, China)

Abstract: Based on the principle of reconnection electromagnetic launch, this paper designed a new type of rotary electromag-
netic accelerator, which used electromagnetic force to accelerate the device in rotation. When a certain speed was reached, the
projectile can be ejected along the tangential direction. Compared with the traditional reconnection electromagnetic launch de-
vice, this device has a higher coil utilization rate, a smaller volume and reusable armature while achieving acceleration. This
paper first introduced the structure and working principle of the rotary electromagnetic accelerator and conducted a theoretical a-
nalysis; then, the finite element analysis method was used to simulate the working performance of the single — stage acceleration
of the rotary electromagnetic accelerator; in order to solve the problem of energy loss of the device under the RLC underdamped
circuit structure, an energy recovery circuit was added, so that the rotary electromagnetic accelerator can recover the remaining
energy of the system while maintaining the peak speed; then, in order to achieve continuous acceleration of the device, the
working conditions of the rotary electromagnetic accelerator in the three — stage acceleration mode were simulated and analyzed ;
finally, an experimental platform was built to verify the feasibility of the structure.

Key words: electromagnetic launch; rotational acceleration; multistage acceleration; energy recovery
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Ordinated Optimization of Rotor Mechanical
Design for High-speed Permanent Magnet Motors

ZHANG Shiyu, CHEN Pu, ZENG Chun
(Hunan CRRC Shangqu Electric Co. , LTD. , Zhuzhou Hunan 412001, China)

Abstract: This study aims to optimize the structural design of high-speed permanent magnet motor rotors to enhance their me-
chanical performance and operational stability. Through finite element static simulation methods, the impacts of interference fit,
sleeve thickness, and hollow shaft thickness on rotor stress distribution and contact states were thoroughly investigated. The re-
sults demonstrate that optimizing these key parameters significantly improves the rotors mechanical strength and reliability while

meeting design requirements, further verifying the motors capability for safe and stable operation under overspeed conditions.

This research provides a foundation for further studies on high-speed permanent magnet motors.

Key words: high-speed permanent magnet motor; rotor structure optimization; finite element analysis
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Application Exploration of Unipolar Generators in Elevator Emergency Rescue

LI Zhongzhe
( Beijing Shijingshan District Inspection & Testing Center , Beijing 100043, China)

Abstract; This research focuses on the application of the homopolar generator in elevator emergency rescue, aiming to solve the
problem of electric car handover operation failures. When an elevator malfunctions and gets stuck between floors, the emergen-
cy power supply may age due to long-term charge-discharge cycles, rendering it unable to provide power for the electric car han-
dover operation for rescue purposes. A solution of integrating the homopolar generator with the elevator system was proposed.
The principle, structure, and characteristics of this solution were elaborated, and the operating characteristics of the elevator
were analyzed. The key components of the generator were analyzed, and its performance was verified through COMSOL simula-
tion. A power generation control and energy storage management strategy was formulated, and a simulated elevator operation ex-
perimental platform was built for testing. The results show that the homopolar generator has good output power quality and ex-
cellent power output characteristics. It can meet the power demand of the elevators electric car handover operation and store
surplus electrical energy, achieving energy recovery and reuse. This technology has application potential in different types of el-
evators and can drive the elevator industry towards the development direction of reliability, energy conservation, intelligence,
and greenness. However, the system stability needs to be improved under extreme working conditions. In the future, efforts
should be made to optimize the structure and algorithms, strengthen the integration with cutting-edge technologies, and expand
the application scenarios.

Key words: elevatorelectric disk car; homopolar generator; energy recovery; energy conservation; intelligent control
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Influence of Slot Pole Combination on the Electromagnetic Performance and
Efficiency of Axial Flux Permanent Magnet Motors in Electric Vehicles

GUO Shoulun, SUN Mingchong, WU Changyu, JIANG Xuesheng
(Global R&D Center, China FAW Corporation Limited, Changchun 130013, China)

Abstract: Based on the axial flux permanent magnet motor ( AFPM) with fractional slot centralized winding ( FSCW) , and
studied the key role of axial flux permanent magnet wheel hub motor in electric vehicles. The focus was on exploring the impact
of slot pole combination on the electromagnetic performance, losses, and efficiency of motors, with the aim of seeking the opti-
mal slot pole combination scheme for comprehensive performance: increasing winding coefficient, increasing torque density, re-
ducing the harmonic effects of magnetomotive force, reducing AC and iron losses, and improving overall motor efficiency. Due
to the three — dimensional structure of the axial flux motor, the three — dimensional finite element analysis method was used to
compare and analyze the electromagnetic performance of different slot pole matching schemes, and the optimal performance of
the 24 slot —28 pole configuration was confirmed. To verify the accuracy of the analysis results, a 24 slot —28 pole prototype
was successfully manufactured, and the accuracy of the analysis data was verified through experimental results.

Key words: slot pole combination; centralized winding; axial flux permanent magnet motor; electromagnetic performance,

Loss; efficiency
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Research of Oil Selection Based on Improving the Efficiency of Electric Drive System

GE Hai, REN Liuli, HUANG Wanli, FAN Zhenyang, DING Xu
( China Automotive Technology Research Center Co. , LTD. , Ningbo Zhejiang 315000, China)

Abstract ; The effects of ambient temperature and lubricating oil viscosity on the efficiency of electric drive assembly were stud-
ied. Based on HORIBA test bench verification and experimental data, the comprehensive effects of different oil products on the
efficiency of electric drive system under normal and low temperature environment were systematically analyzed, and the effects
of temperature on lubricating oil viscosity and the power loss of transmission components caused by changes in lubricating oil
viscosity were discussed. The results show that different temperature and viscosity of different lubricating oil have significant
effects on the efficiency of the system. Under the condition of the same oil, the efficiency of the electric drive system at room
temperature (25°C ) is 3. 11% higher than that at low temperature ( — 12°C). At room temperature 25°C , the efficiency
difference of electric drive system between different oil products is 1. 68%. At a low temperature of —12°C, the maximum
difference in the efficiency of the electric drive system between different oil products is 1. 21% . By comparing the performance
of different oils at normal temperature and low temperature, the optimization strategy of lubricating oil selection adapted to dif-
ferent ambient temperatures was put forward. It provides an important reference for the efficiency improvement and performance
optimization of electric vehicle powertrain.
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F1 EhK TR
38/ (r/min)
HI%E/Nm

10 25 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
3 1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 335 349
5 2 22 42 62 82 102 122 142 162 182 202 222 242 262 282 302 322 336 350
8 323 43 63 83 103 123 143 163 183 203 223 243 263 283 303 323 337 351
10 4 24 44 64 84 104 124 144 164 184 204 224 244 264 284 304 324 338 352
15 5 25 45 65 85 105 125 145 165 185 205 225 245 265 285 305 325 339 353
20 6 26 46 66 86 106 126 146 166 186 206 226 246 266 286 306 326 340 354
30 7 27 47 67 87 107 127 147 167 187 207 227 247 267 287 307 327 341 355
40 8 28 48 68 88 108 128 148 168 188 208 228 248 268 288 308 328 342 356
50 9 29 49 69 89 109 129 149 169 189 209 229 249 269 289 309 329 343 357
60 10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 344 358
70 11 31 51 71 91 111 131 151 171 191 211 231 251 271 291 311 331 345 359
80 12 32 52 72 92 112 132 152 172 192 212 232 252 272 292 312 332 346 360
90 13 33 53 73 93 113 133 153 173 193 213 233 253 273 293 313 333 347 361
100 14 34 54 74 94 114 134 154 174 194 214 234 254 274 294 314 334 348 362

110 15 35 55 75 95 115 135 155 175 195 215 235 255 275 295 315

120 16 36 56 76 96 116 136 156 176 196 216 236 256 276 296 316

130 17 37 57 77 97 117 137 157 177 197 217 237 257 277 297 317

140 18 38 58 78 98 118 138 158 178 198 218 238 258 278 298 318

150 19 39 59 79 99 119 139 159 179 199 219 239 259 279 299 319

160 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
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38/ (r/min)
#1%5/Nm

10 25 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
-3 1 18 35 52 69 8 103 120 137 154 171 188 205 222 239 256 273 287 301
-5 2 19 36 53 70 87 104 121 138 155 172 189 206 223 240 257 274 288 302
-8 3 20 37 54 71 88 105 122 139 156 173 190 207 224 241 258 275 289 303
-10 4 21 383055 72 89 106 123 140 157 174 191 208 225 242 259 276 290 304
-15 5 22 39 56 73 90 107 124 141 158 175 192 209 226 243 260 277 291 305
-20 6 23 40 57 74 91 108 125 142 159 176 193 210 227 244 261 278 292 306
-30 7 24 41 58 75 92 109 126 143 160 177 194 211 228 245 262 279 293 307
-40 8 25 42 59 76 93 110 127 144 161 178 195 212 229 246 263 280 294 308
-50 9 26 43 60 77 94 111 128 145 162 179 196 213 230 247 264 281 295 309
-60 10 27 44 61 78 95 112 129 146 163 180 197 214 231 248 265 282 296 310
-70 11 28 45 62 79 96 113 130 147 164 181 198 215 232 249 266 283 297 311
-80 12 29 46 63 80 97 114 131 148 165 182 199 216 233 250 267 284 298 312
-90 13 30 47 64 81 98 115 132 149 166 183 200 217 234 251 268 285 299 313
-100 14 31 48 65 82 99 116 133 150 167 184 201 218 235 252 269 286 300 314

-110 15 32 49 66 8 100 117 134 151 168 185 202 219 236 253 270

-120 16 33 50 67 84 101 118 135 152 169 186 203 220 237 254 271

-130 17 34 51 68 85 102 119 136 153 170 187 204 221 238 255 272
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M RGRIREBITAE HEE L BRI il B H 4500 8, e m st oy XA i A R, 4
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st JC AL AR A IBERIB VISR, A48 T R A ksl . it KBRSl P R BE A R R DA R e A
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() 2R B A PR P B ) BOR B R A (PR i o ik sl U R A r B 6 R 35 AT 1 S R

KR TG MBIk IRalfeht; BOEL L RaERE

FE 4SS TM641; TM359.9 XERIRERES: A XEHS: 1001-6848(2025)06-0083-08

Research Status of Vibrational Micro-generators for Passive Electrical Sensors

SONG Haifei, YU Yayun, LI Xiaojuan
( Beijing Smartchip Semiconductor Technology Co. , LTD. , Beijing 102299, China)

Abstract: A large number of sensors are needed to support the construction of a new type of power system. lt is considered that
the state monitoring and fault early warning of wind power generation blades and transmission towers are of great significance for
ensuring the stable operation of wind power generation and the power system. The power supply problem of intelligent sensors is
becoming more and more prominent. The traditional power supply method using chemical batteries is known to have shortcom-
ings such as limited lifespan and inconvenient maintenance. Moreover, inside the wind turbine blades, there is neither wind nor
light, so the available environmental energy is regarded as being scarce. There are drawbacks in the solar power generation and
the electromagnetic induction power generation for transmission towers. Energy harvesting based on vibration energy is thus re-
garded as a feasible solution for powering sensors in these two scenarios. This article, aiming at the urgent need for self-pow-
ered energy harvesting of passive sensors in the scenarios of wind turbine blades and transmission towers in the new type of pow-
er system, introduced the research status of two energy capture technologies, namely blade rotation-coupled vibration and blade-
less wind-induced vibration, as well as micro-energy management technology. It focused on discussing the working principles,
structural characteristics and existing problems of vibration energy capture devices based on different power generation princi-
ples, and also the technical routes and existing problems of different types of micro-energy management circuits. Finally, the
development trend of vibration-based micro-generators was summarized and prospected.

Key words: rotational coupling; wind-induced vibration; vibrational energy; micro-generator; micro-energy management
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