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Transient Temperature Rise Prediction of Special Vehicle Mechanical-
electrical-fluid Systems Based on Field-circuit Combination

HE Zhixiang, GAO Jian, LIU Kun, ZHAO Yufeng, CHENG Ziran
(School of Electrical and Information Engineering, Hunan University, Changsha 410000, China)

Abstract: Fast, accurate and highly reliable thermal design of electromechanical-hydraulic systems for modern special vehicles
is essential to ensure the reliability of special vehicle systems. In this paper, a fast transient temperature field calculation meth-
od was proposed for the electromechanical-hydraulic system of modern special vehicles. The method combined the finite element
transient thermal computation with the lumped-parameter thermal network theory, and guarantees the accuracy of temperature
prediction on the basis of significantly shortening the computation time by establishing the transient lumped-parameter thermal
network model of the system. Firstly, the spatial distribution of the heat source of the electromechanical fluid system was deter-
mined through loss analysis, and the transient temperature calculation model of the electromechanical fluid system was construc-
ted based on the thermal resistance network and finite element theory. Next, in order to verify the accuracy and applicability of
the model, a prototype experimental platform consisting of the body of the electromechanical fluid system, the drive and con-
trol, and the temperature test system was constructed. Finally, the prototype temperature test experiment was carried out to ver-
ify the validity and accuracy of the transient lumped-parameter thermal network model of the electromechanical fluid system
based on the finite element simulation and experimental results. The experimental results show that the thermal network model
proposed in this paper is able to maintain good accuracy while reducing the calculation time by 80% compared with the tradi-
tional finite element calculation method, which achieves fast and accurate prediction of the transient temperature of the system.
In addition, the transient lumped-parameter thermal network calculation method proposed in this paper can provide theoretical
reference and basis for the prediction of temperature rise in other electromechanical liquid systems.

Key words: transient temperature field; lumped-parameter thermal network method; finite element; electromechanical-hydrau-
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Design and Optimization of High Temperature, High Pressure Magnetic Coupler

BAO Zhongli', ZHI Hongxu', BAI Xiaoyu', SONG Yupeng', ZHANG Huayong', YUE Jianling',
HAO Guiging', LUO Yifan’, WANG Yazhe’, SHENG Tianpei’, WANG Jianhang’, CHEN Lei’
(1. Ol field Services Limited, Langfang Hebei 065201, China;

2. School of Electricity, Harbin Institute of Technology, Harbin 150001, China;

3. Harbin Shenneng Motor Limited, Harbin 150066, China)

Abstract: Permanent magnet couplings, with non-contact transmission, highsealing, and reliability, are critical for harsh en-
vironments like oil exploration. This study designed a coupling for deep-well conditions (180 °C, 140 MPa, corrosive media).
Key components (isolation sleeve, magnets, yoke, shaft) were optimized through electromagnetic and stress simulations. Pa-
rameter analysis (pole pairs, magnet size, pole arc coefficient ) refined torque performance. Simulations confirmed robust e-
lectromagnetic and structural properties, validated by experimental tests. The work provides a practical design framework for
high-temperature/pressure magnetic transmission systems.

Key words: magnetic coupler; extreme working conditions in deep well; high temperature and high pressure; structural de-

sign; magnetic circuit optimization
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Multi-objective Optimization Design of Permanent Magnet Assisted
Synchronous Reluctance Motor Based on Physical-data Dual-model

LI Hao, SHUAI Kang
( Wuhan Technology Tongyu New Energy Power Co. , LTD. , Wuhan 430070, China)

Abstract; Permanent Magnet Assisted Synchronous Reluctance Motor (PMa-SynRM) has broad industrial application potential
due to its low cost and high efficiency. However, the complex rotor geometry leads to numerous optimization variables, and u-
sing Finite Element Analysis (FEA) based physical models or constructing surrogate models based on high-fidelity (HF) FEA
samples, combined with multi-objective optimization algorithms, would consume substantial computational resources and time.
To address this issue, this paper proposed a physical-data dual-model optimization design method for PMa-SynRM. The method
first established a simplified equivalent magnetic circuit model for the PMa-SynRM, neglecting the effects of magnetic satura-
tion. Then, an equivalent magnetic circuit model, considering magnetic saturation effects, was further developed to obtain HF
training samples. A surrogate-assisted model was constructed and combined with multi-objective optimization algorithms to a-
chieve fast and accurate optimization of the motor rotor. Compared to traditional methods based on FEA sample training for sur-
rogate models, the proposed method reduces the optimization time by approximately 90% . Finally, the effectiveness of the pro-
posed optimization method is validated through a 15 kW prototype experiment.

Key words: permanent magnet assisted synchronous reluctance motor; equivalent magnetic circuit model; surrogate assisted

model ; multi-objective optimization design
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Sensorless Control of PMSM Based on Fuzzy Sliding Mode Observer

JU Jintao, ZHAO Shiwei, YANG Xiangyu
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: Due to the fixed width of the boundary layer, the quasi sliding mode observer has difficulty in improving the observa-
tion accuracy while suppressing chattering. Therefore, a fuzzy sliding mode observer based on fuzzy inference algorithm was
proposed. This observer used the sigmoid function as the switching function and takes the estimated current error and the error
change rate as the inputs of the fuzzy inference system to achieve adaptive changes in the boundary layer width with the system

state. The simulation and experimental results show that the observer algorithm proposed in this paper can proficiently suppress

chattering and enhance the accuracy of observations at different motor speeds.

Key words: permanent magnet synchronous motor; quasi sliding mode observer; fuzzy inference; boundary layer
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Sensorless Control Strategy for Reduced DC-link Capacitance PMSM
Drive System Based on Improved Flux Linkage Observer

HUO Lujie', KANG Guangqing®, DING Wen', ZHANG Wei’
(1. School of Electrical Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China;

2. Xi’ an Aerospace Propulsion Institute, Xi’ an 710076, China;
3. National Technology Transfer Center, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract; The interior permanent magnet synchronous motor (IPMSM) drive using small capacitance film capacitor has the ad-
vantages of long working life, low cost, and high power density. However, the DC-link voltage fluctuates at twice the frequency
of the grid-side voltage in reduced DC-link capacitance system, which will cause a lot of harmonics in the back electromotive
force (BEMF) and flux linkage. Eventually this will result in a large position estimation error in sensorless control. Aiming at
that, an improved flux linkage observer (FLO) applied to sensorless control was proposed to estimate the rotor position and
speed. Compared to the BEMF model, an integration link was added in the flux linkage model, which could suppress the high
frequency harmonics partly. The characteristics of the reduced DC-link capacitance IPMSM drive system were analyzed firstly,
and the frequencies of the harmonic components were determined. Secondly, based on the FLO, a composite reduced-order
quasi-resonant filter (CROQRF) was designed to suppress the low-frequency harmonics in the flux linkage and extract its fun-
damental component. Finally, the effectiveness of the proposed strategy was verified by experimental results.

Key words: permanent magnet synchronous motor; reduced DC-link capacitance; sensorless control; flux linkage observer
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Design and Analysis of Damper Winding for Virtual Synchronous Generator

ZHANG Rui
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Virtual Synchronous Generator (VSG) technology has been widely used in renewable energy grid integration due to
its ability to provide virtual damping and inertia. To address the issue of insufficient damping under conventional VSG control ,
a Hybrid Synchronous Control (HSC) system model was developed by combining the voltage-based synchronization ( VBS) and
the power-based synchronization (PBS). VBS utilizes the phase angle difference to resist frequency deviations and can be con-
sidered as a virtual damping winding. Through analogy between the large-signal model of HSC and the power-angle swing equa-
tion, equivalent damping coefficients were derived, and the impact of virtual damping winding parameters on transient stability
was analyzed. Simulation results demonstrate that HSC with droop control can effectively improve system damping and enhance
transient stability.

Key words: virtual synchronous generator; virtual damping winding; hybrid synchronous control; transient stability
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New Sliding Mode Active Disturbance Rejection Control for Radar Servo System

WU Dong, LI Zhong
(PLA Army Academy of Artillery and Air Defense, Zhengzhou 450000, China)

Abstract: Based sliding mode Active disturbance rejection control( SM-ADRC) strategy was designed for tracking guidance ra-
dar servo system with external disturbance an internal uncertainty such as external load, moment of inertia and armature resist-
ance change. sliding mode. First, this paper discussed the large tracking guidance radar servo system mathematical model;
secondly, introduced the tracking guidance radar servo model to design the SM-ADRC method. At the same time, the consist-
ent stability was proved by Lyapunov method. Compared with linear ADRC, system simulation and experimental data show that

SM-ADRC has stronger response capability and disturbance rejection, and the radar servo system has better dynamic perform-

ance.

Key words: active disturbance rejection control; sliding mode control; radar servo system; extended stare observer
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Variable Speed Sliding Mode Closed Loop Control Method for
Water Motor Units Under Load Changes

DAI Hongwei, ZENG Fanjian
(Yalong River Hydropower Development Company LTD. , Chengdu 610051, China)

Abstract: There are some problems in variable speed control of hydropower units, such as easy overshoot and poor tracking
performance. . To this end, a variable speed sliding mode closed-loop control method was proposed for water motor units under
load changes. By analyzing the balance relationship between the mechanical torque, electromagnetic torque, and load torque of
the unit, the dynamic equation of the hydroelectric unit control system was constructed. Combining the load fluctuation, a
mathematical model of the unit was constructed, and the phase margin was introduced to construct a disturbance transfer func-
tion, which was easy to suppress the influence of overshoot. Based on the sliding film surface and the closed-loop transfer func-
tion, a sliding film closed-loop controller was constructed. The whale optimization algorithm was used to optimize the sliding
film parameters of the controller, obtain the optimal sliding film parameters, and obtain the optimal performance variable speed
controller to achieve variable speed control of the unit. The experimental results show that using the proposed method for varia-
ble speed control of hydroelectric units under different loading conditions results in a smaller difference between the output
speed and the given speed, smaller overshoot, shorter control response time, and better control effect.

Key words: load changes; hydroelectric units; variable speed; sliding mode closed-loop control ; overshoot
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Research on Parameter Identification and Control Algorithm of PMSM
Based on Improved Adaptive Law

SHEN Jianbo', GUO Wei'?, LIU Ranran', ZHANG Jia', ZHANG Ning’
(1. School of Automobile and Traffic Engineering , Jiangsu University of Technology, Changzhou Jiangsu 213001, China;

2. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang Jiangsu 212016, China;
3. Suzhou Shangyuan Technology Co. , LTD. , Suzhou Jiangsu 215000, China)

Abstract: In order to make the model prediction control system of permanent magnet synchronous motor run stably for a long
time in a complex working environment and avoid the impact of slow changes of model parameters on system performance, the
control system needs to update the state matrix parameters in real time. The existing online parameter identification methods
have some problems, such as the identification result is not unique and the parameter identification equation was not ranked. To
solve the above problems, a model reference adaptive identification method with improved adaptive law was proposed, which
was designed by Popov superstability theory to ensure that the output error of the reference model and the tunable model tends to
zero. The gradient correction method of parameter functionalization was used to identify the inductance parameters preferential-
ly, and then the inductance parameters were introduced into the model reference adaptive identification process. The proposed
method was verified by the real-time digital control platform of the permanent magnet synchronous motor. The results show that
the proposed method can deal with the problem of incomplete and insufficient accuracy of online parameter identification re-
sults, which enhanced the load resistance of permanent magnet synchronous motor, and had certain application value in the
field of motor control.

Key words: model reference adaptive system; gradient correction method; model predictive control; parameters identifica-

tion; permanent magnet synchronous motor
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Abstract: Through the analysis of existing performance testing methods for limited angle torque motors, the shortcomings of
these methods have been identified. Specifically, during torque measurement, inspectors need to frequently hang weights, re-
sulting in low measurement accuracy, limited data volume, and time-consuming and laborious testing processes. A limited
torque motor performance testing device and had been developed to address the aforementioned issues. Using LabVIEW plat-
form to develop testing operation software, combined with RS232 serial interface technology, the measurement of motor angle
and built-in sensor voltage characteristics, as well as motor angle and torque characteristics, could be achieved. It can fully
present the characteristic parameters of the tested motor, and the device can automatically record measurement data, generate

measurement reports, and shorten testing time. Through experimental comparison, the results show that the device can quickly
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and reliably test the performance of limited angle torque motors, and the testing device has strong practicality.

Key words: limited angle torque motor; performance testing; LabVIEW platform; automatic test; test report
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Droop Frequency Control of Doubly Fed Variable Speed Wind
Turbine Under Full Wind Speed Power Margin

LIU Xingzhong', ZENG Min*, CAO Li', DING Bosong', CHU Xiaokang'
(1. Huaneng Anhui Branch Company, Hefei 230071, China; 2. College of Mechanical and

Vehicle Engineering, Nanchang Institute of Science and Technology, Nanchang 330108, China)

Abstract: A droop frequency modulation control method with full wind speed power margin was proposed to address the prob-
lem of insufficient frequency modulation power increment and frequency deviation caused by the difficulty in adapting to dynam-
ic changes in wind speed when using a fixed load shedding rate for doubly fed variable speed wind turbines. Simulate the inertia
response of a synchronous generator through virtual inertia control, and utilize the rotational kinetic energy of the wind turbine to
suppress frequency fluctuations. In the steady-state stage, a droop control strategy was adopted to continuously adjust the output
power based on frequency deviation, and reserve capacity in combination with dynamic load shedding operation to ensure effec-
tive participation of the unit in frequency regulation. For full wind speed scenarios, dynamically adjust the load shedding rate to
synchronize backup capacity with frequency regulation requirements, solving the problem of poor adaptability to fixed load shed-
ding rates. Divide the wind speed range based on the relationship between wind speed and rotor speed, and use different combi-
nations or coordinated strategies of overspeed load shedding, inertia control, and droop control for frequency modulation control
in different ranges. The experimental results show that the proposed method can accurately and stably complete frequency mod-
ulation control.

Key words: full wind speed power margin; virtual inertia control; double fed variable speed wind turbine; droop control; FM
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Control Method of Double-sided Variable-frequency for Fully
Controlled Doubly Fed Motors

YUE Zengguang'*>, WU Jie’, GUO Leilei', YUN Hang', LI Xu'
(1. Zhengzhou University of Light Industry, Zhengzhou 450002, China;

2. Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China. )

Abstract: The doubly fed motor (DFM) driven by traditional methods has a limited speed range when its stator is unilaterally
connected to the power grid with a fixed frequency. To broaden the speed range, it is necessary to implement double-sided vari-
able-frequency ( DSVF) control on both the stator and rotor sides of the DFM. However, the existing flux observation methods
employed in space vector control are not suitable for this DSVF scenario. To address this issue, a control method for DFM with
DSVF on both stator and rotor sides was proposed. Based on the dg mathematical model of the DFM, a dual-closed-loop current
control for double-sided inverters using space vector modulation was studied, and a DSVF strategy for stator and rotor was ex-
plored. The position angles of the stator and rotor magnetic fields were obtained based on feedback speed without the require-
ment for flux observation. An experimental platform was set up to conduct experiments on load changes, acceleration/decelera-
tion, and power distribution. Experimental results demonstrate that the proposed control method enables the fully controlled
DFM to handle load changes at zero speed, rated speed, and twice the rated speed, as well as speed changes under no-load and
full-load conditions. When the frequency was half of the rated frequency, the prototype operated at the rated speed, verifying
that the method could achieve high speed with limited switching frequencies and expand the speed regulation range. It was con-
firmed that by adjusting the power distribution coefficient, the power distribution ratio between the stator and rotor inverters
could be flexibly adjusted, enabling small-capacity frequency converter to drive high-power motors within the range of twice the
rated speed.

Key words: double Inverter; double-sided variable-frequency; fully controlled doubly fed motor; frequency distribution
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