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Research on Operating Load Forecasting Method for Virtual Power

Plants Based on Feature Decomposition

PAN Chong, HAO Wenbin, XIE Bo, MENG Zhigao, HE Lingyun, WEI Jiaqi
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract ; Virtual power plants ( VPPs) integrate various distributed energy resources to create an efficient energy management
system, which can swiftly respond to the demands of power grid, reduce operational costs and enhance the overall reliability
and stability of power supply. However, the management of power supply in VPPs is challenged by the volatility, stochasticity,
seasonality and substantial peak-valley variations inherent in electricity load dynamics. To address these challenges, an operating
load forecasting method for virtual power plants based on feature decomposition is proposed, which provides essential information
support for both power dispatching and demand response within VPPs. Firstly, seasonal-trend decomposition using LOESS (STL) is
employed to capture trend and seasonal variation characteristics in virtual power plant load data, thereby extracting historical load
resource features. Secondly, a load forecasting model based on long short-term memory ( LSTM) network is developed by
integrating historical load resource data with external influencing factors. Finally, experimental verification is carried out using
operational data from virtual power plants. The results show that the determination coefficient R> of the proposed method is 0.98,
which can accurately predict the power plant load.

Key words: virtual power plant; distributed energy resources; load forecasting; long short-term memory; feature decomposition
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Planning for Siting and Sizing of Wind-Solar-Storage in Weak
Power Grid Considering Traction Load Access

JIANG Xiaofeng">, WANG Hao'”, PAN Pengyu'”>, CHEN Gang"?, WANG Xi'?, HAN Xiaoyan®
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Power Internet of Things Key Laboratory of Sichuan Province, Chengdu 610041, Sichuan, China;
3. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : In view of the problems that the electrified railway in the western mountainous area is faced with the weak external
power grid, it is considered to connect the wind and solar power generation along the railway to the weak power grid, and
integrate energy storage to provide reliable power for traction load. Therefore, a plannning model of siting and sizing with
two-stage coordinated optimization for power grid is established considering traction load access. In the first stage,
a single-objective distributed generation siting and sizing optimization model with the lowest annual comprehensive cost
is established, and the particle swarm optimization algorithm is used to solve the access location of distributed generation,
which provides a reference for the location of energy storage in the second stage. In the second stage, the optimization model of
siting and sizing for energy storage is established with the objectives of energy storage cost, node voltage fluctuation and power
fluctuation, and the multi-objective particle swarm optimization algorithm is used to solve the model. The results show that the
access of distributed generation improves the power supply capacity of power grid and ensures the power supply of traction
load, while the access of energy storage reduces the power fluctuation of distributed generation and traction load, and ensures
the safety of power grid and the reliable power supply of traction load.

Key words: siting and sizing; traction load; distributed generation; energy storage system
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Optimal Planning Method for Distributed Photovoltaic and Energy
Storage Based on Improved Beluga Whale Optimization Algorithm

YAO Jiandong', WU Fan®, XIE Bo', HAO Wenbin', YANG Yiqiang®, MENG Zhigao'
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. School of Automation and Information Engineering, Sichuan University

of Science & Engineering, Yibin 644000, Sichuan, China)

Abstract ; Aiming at optimal siting and sizing for distributed photovoltaic (PV) access to distribution network, and considering
the impacts of voltage fluctuation and voltage overlimit brought by grid connection on power quality, the voltage at distribution
network nodes is regulated by introducing energy storage system. Firstly, an iterative self-organizing data analysis algorithm is
employed to cluster the output data of distributed PV, and the clustering performance is evaluated based on between-class
similarity and within-class similarity. Secondly, a two-stage optimization model for distribution network is established: the first
stage aims to minimize the total cost by considering the siting and sizing of distributed PV and energy storage, and the planning
parameters will be passed to the second stage; the second stage takes minimum node voltage deviation and minimum operation
and maintenance costs as objective function. And then, the Beluga whale optimization algorithm is applied to solve the model,
which incorporates variable spiral search strategy and crisscross strategy to enhance its local and global optimization capabilities.
Finally, simulation verification is carried out on IEEE 33-node system.

Key words : cluster partition; distributed photovoltaic and energy storage; siting and sizing; Beluga whale algorithm; optimal
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Primary Frequency Regulation Control Strategies for Thermal
Power Units Assisted by Flywheel Energy Storage

ZHAO Kang', TIAN Yuting®, LIU Siqgi', SUN Xinwei®, WEI Wei’

(1. School of Nuclear Technology and Automation Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China; 3. State Grid Sichuan Electric Power UHV DC Center,

Chengdu 610041, Sichuan, China)

Abstract : To address the frequency instability in power systems caused by the large-scale integration of new energy sources, a
primary frequency regulation control strategy for thermal power units assisted by flywheel energy storage (FES) is proposed.
This strategy aims to make up for shortcomings of traditional frequency regulation methods, such as slow ramping speed and
potential oscillations of thermal power units, with the characteristics of FES, including its high-frequency instantaneous precise
discharge capability, high conversion efficiency, and long service life. A power system frequency characteristic model incorporating
thermal power and FES is established using Matlab/Simulink. Comparative analyses are carried out on power system frequency
characteristics, unit output power and tie-line power exchange under three different control scenarios: thermal power unit
frequency regulation alone, fixed-coefficient droop control and variable-coefficient droop control with FES-assisted frequency
regulation. The simulation results show that the introduction of FES significantly enhances the frequency stability of power
system, reduces the output power of thermal power units, and prolongs its service life. Moreover, compared with the
fixed-coefficient droop control, variable-coefficient droop control takes into account the state of charge (SOC) of energy storage
system, which can narrow the variation range of SOC and effectively mitigate overcharging and over-discharging of energy storage
system.

Key words: flywheel energy storage; turbine; frequency characteristics; primary frequency regulation
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Practical Calculation Method for Maximum Capacity of New Energy
Access Based on Short-circuit Current Constraint

PAN Yan', LI Fuqiang', HUANG Minghui’, ZHAO Wei', ZHANG Ye*, ZHANG Wenchao’
(1. North China Branch of State Grid Corporation of China, Beijing 100053, China;
2. Beijing Kedong Power Control System Co., Ltd., Beijing 100192, China)

Abstract: With the rapid increase in the scale of grid-connected new energy, the contribution to short-circuit current is
becoming increasingly prominent. Aiming at the difficulty in estimating the maximum installed capacity of new energy, a practical
calculation method for the maximum capacity of new energy access to power grid based on short-circuit current constraints is
proposed. Through calculating the contribution value to short-circuit current by the fixed installed capacity of new energy access
to high voltage level collection stations, and according to the difference between the short-circuit current of high voltage level
collection stations and the breaking capacity of circuit breaker in the existing system, the maximum capacity of new energy
access to power grid is calculated under the premise of ensuring the breaking capacity of circuit-breaker. The proposed method
can effectively evaluate the contribution of short-circuit current when new energy access to power grid, and can easily and
quickly determine the maximum installed capacity of new energy that can be connected to the centralized grid-connecting point.
Actual grid calculation examples show that the proposed method has good guiding significance and practical application value.
Key words: maximum installed capacity of new energy; short-circuit current calculation; new energy grid connection; practical
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Analysis on Fast Frequency Regulation Capability and Dynamic
Characteristics of Variable-speed Pumped Storage Units

YANG Guixing'”*, GUO Xiaolong', CHANG Xigiang', KANG Pengpeng', SONG Pengfei', YAN Qin’
(1. State Grid Xinjiang Electric Power Co., Ltd., Urumqi 830063, Xinjiang, China; 2. School
of Electrical Engineering, Xinjiang University, Urumqi 830046, Xinjiang, China; 3. School of
Electrical and Information Engineering, Changsha University of Science and Technology,

Changsha 410076, Hunan, China)

Abstract ;: Compared with fixed-speed pumped storage units, variable-speed pumped storage units can achieve a flexible power
adjustment by regulating the speed of units, and have frequency regulation capability under different operating conditions. In
order to fully compare and analyze the fast frequency regulation capability and dynamic characteristics of fixed-speed and
variable-speed pumped storage units, firstly, a model of full-order doubly-fed variable-speed pumped storage model including
frequency regulation function module is established. Secondly, the control and operation characteristics of variable-speed
pumped storage units under different operating conditions are analyzed. Finally, through the dynamic simulation experiment
based on three-machine nine-wire system, the frequency regulation capability and dynamic characteristics of fixed-speed and
variable-speed pumped storage units are compared and analyzed. The simulation results show that the pumped storage unit can
provide fast frequency regulation for the system under power generation and pumping conditions through active droop control, and
the frequency regulation capability of variable-speed pumped storage units is better than that of fixed-speed pumped storage units.

Key words : variable-speed pumped storage units; stand-alone infinity system; fast frequency regulation; droop control
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Flexible Interval Optimal Dispatching of Active Distribution
Network Based on Spatial Approximation

ZHANG Shengfei, LIU Yi
(Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, China)

Abstract: The high proportion of new energy connected to power grid has significantly increased the level of uncertainty in
power system. The addition of noise elements in nonlinear operations in the existing affine power flow calculations will
lead to overly pessimistic limits on the calculation results, thereby increasing the conservatism of the results. In response
to the above problems, a flexible interval optimal dispatching method for active distribution network based on spatial
approximation is proposed. Firstly, the spatial approximation method is introduced to modify the affine nonlinear operation,
and an improved affine operation algorithm with less conservatism is obtained, which is introduced into power flow calculation
of distribution network. Secondly, the models of operational flexibility requirements and each flexibility resource supply are
constructed for active distribution network. And then, taking the system operating economy, net load fluctuation rate and
operating flexibility margin as the goals, an interval multi-objective optimal dispatching model for active distribution
network is established. Finally, in IEEE-33 node system the results of the proposed affine power flow calculation
based on spatial approximation are compared with the traditional power flow calculation and Monte Carlo simulation
method. The results show that the proposed method has less conservatism, and the interval results can provide good reference
value for distribution system dispatchers.

Key words: high proportion of new energy; active distribution network ; affine power flow calculation; flexibility resources
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Optimization Algorithm Based on Integer Planning for Supply
Load Recoveny after Distribution Network Failure

YANG Xiangfei', XIANG Bo', JIN Zhen®, WANG Keqi®, ZHONG Jun®’, XU Fangwei’
(1. Sichuan Power Dispatch Control Center, Chengdu 610041, Sichuan, China; 2. NR Electric
Engineering Technology Co., Ltd., Nanjing 211102, Jiangsu, China; 3. School of Electrical Engineering,
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Abstract; When distributed generation is widely integrated into distribution network, power grid system has become a
multi-source and multi-end power supply system, making power flow more complex. Currently, traditional fault power supply
restoration algorithms generally suffer from disadvantages such as excessive computation, being prone to local optimal solutions
and low real-time performance. So, an optimized strategy for restoring power supply to faulty loads in distribution networks with
distributed generation is proposed. In order to prioritize the power supply of nodes with high demand, a typical time-varying load
demand model is established, and a comprehensive objective function is determined with the constraints of minimizing the total
off-line load and minimizing the number of switch operations, resulting in the emergency power supply restoration model. The
optimal load recovery strategy is obtained through the O0—1 integer programming algorithm applicable to load recovery
optimization. In the optimal power supply after fault repair, the best emergency load power recovery strategy is dynamically
adjusted to ensure the rapid return of distribution network to normal operation. Based on IEEE-33 node network as a simulation
case, the proposed algorithm is compared with power recovery strategies based on particle swarm algorithms, and the simulation
results validate that the proposed algorithm can quickly and optimally recover power supply to the maximum degree.

Key words : distributed generation ; distribution network ; load recovery; 0-1 integer programming; IEEE-33; particle swarm algorithm
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Research on PET Control Strategy for Connecting to
PV Power Generation Systems

CHEN Renzhao', LI Huizhu®, XIA Yan®, YANG Yili', SHI Jinhui*, CHEN Yang®, ZHANG Rui’
(1. Zonergy, Zigong 643000, Sichuan, China; 2. School of Automation and Information Engineering,
Sichuan University of Science & Engineering, Zigong 643000, Sichuan, China)

Abstract: Power electronic transformer (PET) is a new type of power electronic device with flexible topology access, which
has a wide range of application prospects in AC and DC microgrids. The topology and control method of PET constructed by
dual active bridge (DAB) and modular multilevel converter (MMC) are studied for a photovoltaic (PV) power generation
system. Firstly, the basic topologies and working principles of MMC and DAB are introduced, and the mathematical models of
MMC and DAB are analyzed. And then, the nearest level moduation, capacitor voltage balancing control of bridge arm submodule,
circulating current suppression and power control of MMC, and the single phase shift control of DAB are analyzed. Finally, the
microgrid model containing PV system and PET is constructed in Matlab/Simulink. Simulation experiments on the control
methods of the proposed MMC and DAB are carried out with the PV system operating at maximum power tracking condition, and
the results show the feasibility and effectiveness of the proposed PET-based microgrid model and control method.

Key words: power electronic transformer; photovoltaic power generation; modular multilevel converter; dual active bridge
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Wideband Voltage Measurement Based on Nonlinear Wideband
Model of Potential Transformer

MU Zhou', JIANG Yuhan®, ZHANG Chenmeng', CHENG Ming’, LUO Donghui',
XIE Shijun', SHAO Qiangiu', XIA Yalong'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Technical Training Center, Chengdu 610072, Sichuan, China)

Abstract : Wideband transient voltage measurement is expected to be widely applied in future power systems. One of the
methods with the most technical and economical benefits for widely-equipped wideband transient measurement in power
system is to upgrade the existing potential transformers ( PT) to be enabled with wideband transient measurement. A
method based on wide-band models and algorithms is proposed for electromagnetic voltage transformers, which involves
the nonlinear characteristics and wideband linearity of PT, enabling PT to have the capabilities of wideband transient voltage
measurement. The methods include the establishment of a nonlinear wideband model and an inverse calculation method based on
output voltage to recover the input voltage waveform. The comprehensive method of PT equivalent circuit model is introduced in
detail, and the equivalence method based on circuit theory, energy storage components and nonlinear components is given, as
well as an inverse calculation method based on the entire model. A verification experiment is conducted on 10 kV PT taking
lightning impulse as the verification source. The experimental results match well with the input waveform recorded by the
standard device.

Key words: potential transformer; transient voltage; nonlinearity; wideband
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Protective Measures Against Ferroresonance Considering
Three-phase Isolation Transformer Protection

SU Xueneng', ZHANG Hua', WANG Jing”, YU Zongmin®, LONG Cheng'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 2. Sichuan
Energy Internet Research Institute Tsinghua University, Chengdu 610213, Sichuan, China)

Abstract: In some distribution networks in forests and grasslands, the zero-sequence voltage at the fault point under
high-impedance grounding fault can be enhanced by employing three-phase isolation transformers, which effectively improves
the identification accuracy of high-impedance grounding faults and reduces the risk of wildfires caused by such faults. However,
as the three-phase isolation transformer isolates each feeder of the substation into a separate small sub-network, the capacitance
to ground on each feeder is diminished, which makes the capacitance to ground on the feeder be more vulnerable to generate
ferroresonance with potential transformer once the fault is eliminated. Aiming at this issue, firstly, a simulation model of
distribution network in forests and grasslands is established to replicate the actual operation of distribution network during
a high-impedance grounding fault. Secondly, the impact of three-phase isolation transformer on ferroresonance phenomenon
occurring in distribution network after fault elimination is simulated and analyzed. And then, the high-impedance grounding
faults are monitored based on zero-sequence current variation, amd the high-frequency components are extracted using
morphological filtering, which serves as an input signal to control model. Finally, the control model regulates the circuit-breaker
between potential transformer and ferroresonance elimination device based on the input signal, so as to facilitate the automatic
elimination of ferroresonance while prevent power loss during non-fault periods.

Key words: ferroresonance; distribution networks in forests and grasslands; high-impedance grounding fault; isolation
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Corrosion Detection of Substation Equipment
Based on Multi-task Learning

WANG Zhigao'?, LAN Xinsheng'?, ZHANG Wenxuan’, WANG Fangqiang'?, WANG Mei’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Power Internet of Things Key Laboratory of Sichuan Province, Chengdu 610041, Sichuan, China;
3. School of Mechanical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : The operational status of substation equipment directly influences the stability, reliability, safety and ability against
accidents of power grid. Among numerous causes of substation equipment faults, corrosion of metal materials is a common
issue. A method for substation corrosion detection based on deep learning is proposed, which can directly detect the corrosion
location and corrosion degree in substation equipment through image detection, which can effectively accomplish the inspection
and real-time monitoring of substation equipment, promptly eliminate potential hazards and ensure the stable operation of
substation. In order to validate the effectiveness of the proposed method, the corrosion data set of substation equipment, which
has been augmented through cropping, rotation and mirroring, is used to train the network. The results show that the proposed
network can accurately detect the corrosion areas and corrosion degree of substation equipment.

Key words : semantic segmentation; corrosion detection; HRNet; deep learning
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A Method for Full-link Monitoring and Fault Diagnosis of Supervisory
and Control Information in Smart Substation

HAN Rui, JIANG Zhenchao, LI Xiaopeng, ZHENG Yongkang, WU Jie
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; For solving the problem that the defects in the transmission link of supervisory and control information are difficult to
be found and the solution of defects is highly dependent on the experiences and technical level of commissioning workers, a
method for full-link monitoring and fault diagnosis of supervisory and control information in smart substation is introduced. By
establishing the full-link configuration information flow of supervisory and control information, the consistency check among
system configuation description, remote configuration description and monitoring information table is realized. By establishing
the real-time supervisory and control information flow during the transmission of supervisory and control information between
communication layers of substation, the full-link monitoring of supervisory and control information is realized. And intelligent
diagnosis of abnormal transmission of supervisory and control information is realized based on the matching of full-link
configuration information flow and real-time supervisory and control information flow. Through case analysis, it is verified that
the proposed method can effectively locate the fault points such as the misalignment of configuration and secondary circuit wiring,
and improves the efficiency of defect investigation in transmission link of supervisory and control information, which has certain
practical value.

Key words : smart substation; supervisory and control information; monitoring; fault diagnosis
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Simplified Calculation Method for Air Striking Distance of
Lightning Protection Towers Based on Lightning Safe

Operation Years in Substation

XING Yi, LUO Ling, DING Xiaofei, LI Liangxiao, TANG Zhiqiang
( Southwest Electric Power Design Institute Co., Lid. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract : Due to the unclear value requirements for air striking distance between lightning protection towers and protected
equipment in the regulations, there is often excessive margin in the actual power transformation projects. Firstly, based on the
analysis of the factors affecting impulse grounding resistance and the lightning diversion effect of lightning protection lines,
the probability method based on lighting safe operation years in substation is adopted, and according to the layout of substations,
the actual annual lightning stroke probability is compared to determine the critical lightning stroke probability of air striking
distance of lightning protection towers. Secondly, the amplitude of the corresponding critical lightning current is obtained
through the probability distribution, and based on the simplified transient potential model of lightning protection towers and
breakdown field, a simplified calculation method for determining the air striking distance between lightning protection towers and
protected equipment is obtained. Finally, based on actual substation cases, the calculation is carried out, the corresponding
simplified calculation formula is proposed and the influence of air clearance on the electrical layout of substations is analyzed.
Key words: lightning protection tower; lightning safe operation year; transient potential rise; critical lightning current
amplitude; air striking distance; simplified calculation method
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Sensorless Control Method for Permanent Magnet
Synchronous Motor in Full Speed Domain

LIAO Zongyi', SUN Ruizhe', RAN Yunzao', LIU Xindong”, ZHAO Yaolin', ZHENG Guoxin'
(1. Skill Training Center of State Grid Sichuan Electric Power Company, Chengdu 610031,
Sichuan, China; 2. School of Electrical and Electronic Engineering, Chongging University

of Technology, Chongqing 401320, China)

Abstract ; In order to improve the precision of sensorless control of permanent magnet synchronous motor in full speed domain,
a composite control method combining high-frequency square wave signal injection and improved sliding mode observer based
on rotor flux is designed. Firstly, the high-frequency square wave signal of pulse vibration is injected in zero and low speed
sections, and the high-frequency current signal and fundamental current signal are separated by simple algebraic operation,
which avoids the use of filter in the process of extracting the rotor position information, and improves the accuracy of rotor
position observation. Secondly, the improved sliding mode observer method is used in medium and high speed sections
with the introduction of adaptive feedback gain based on rotor speed, and then the rotor flux is used to extract the rotor
position information, which further improves the running stability and control accuracy of the motor. Finally, the weighted
function is used to switch the control strategies of zero, low speed and medium, high speed, so as to construct the full
speed domain control algorithm. This algorithm is simulated and verified under the loaded startup, full speed domain running and
restart at coasting condition respectively. The simulation results show that the designed full speed domain control algorithm can
achieve the stable and efficient full speed domain running of motor under different working conditions, which has good dynamic
performance and stability.

Key words : high-frequency square wave injection; sliding mode observer; weighted switching; full speed domain
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Research on Modulation Technology of Single-phase Multilevel

Grid-connected Cascaded Inverter

ZHENG Jialong, CHEN Kaiyu, YANG Ge
(School of Electric Power Engineering, Sichuan Water Conservancy Vocational College,

Chengdu 611231, Sichuan, China)

Abstract : In order to simplify control complexity of single-phase multilevel grid-connected cascaded inverters, a single-phase
multilevel grid-connected inverter with LCL filter is designed with independent control. Firstly, the main circuit and control
circuit of single-phase multilevel grid-connected cascaded inverter based on single-phase grid-connected inverter with LCL
filter are designed. Secondly, two multilevel modulation strategies are proposed based on unipolar frequency doubling SPWM
control method, and their characteristics in open-loop control and closed-loop control are analyzed. Then, based on the
characteristics of the proposed inverter, a formula for calculating the parameters of LCL filter is derived. Finally, the effectiveness
of the proposed theory is verified on a simulation platform. The simulation experiment results show that both modulation
strategies are affected by the closed-loop control strategy and the modulation ratio of grid-connected inverter, resulting in
the sinusoidal modulation signal changing with the carrier signal. And both strategies can ensure the proposed cascaded
inverters to achieve multilevel output. From the perspective of the total harmonic distortion index of grid-connected current,
the modulation effect of the first strategy based on triangular carrier phase shift is better.
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