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Fig.1 Four-terminal flexible direct transmission system
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Table 1 System parameters
Wik e A HE ffﬁ”% ?iﬁlj% ﬁ’jﬁlﬂ
HEAV  DIF/GW  HUE/mH  HBZA/mF WV
MMCI +£500 1.5 40 15 100
MMC2 £500 1.5 75 15 100
MMC3 +£500 3 40 15 100
MMC4 +£500 3 40 15 100
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Fig.3 Power spectrum in steady state
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Fig.5 Voltage characteristic when faults occur
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Table 2 Threshold values under different faults
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Table 4 Parameter optimization interval
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Table 5 Protection status of the system
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OHL ;1J20%4k ER (X 41) 100
Fbk (X 4h) 100
XU (X A1) 100
OHL,,1J20%4t IEM (XAH) 100
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Fault diagnosis of MMC-MTDC based on traveling wave characteristics
and KOA-CNN-BiGRU-AM

YU Bo, GAO Xuejun, WANG Can, LI Ruiling, XU Yanbin, RONG Mengjie
(College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: Based on travelling wave features, a diagnostic method is proposed to address the complexity of manual threshold setting
process and the difficulty of detecting high-resistance faults in the fault diagnosis of multi-terminal direct current grid based on
modular multilevel converter (MMC-MTDC). Firstly, the blocking effect of boundary elements on high-frequency signals is
identified by analyzing the fault characteristics of the system. Secondly, empirical mode decomposition (EMD) is employed to
decompose power signals into intrinsic mode function (IMF), and the energy values of the IMF is utilized as fault features to train the
CNN-BiGRU network composed of convolutional neural network (CNN) and bidirectional gated recurrent unit (BiGRU). On this
basis, the Kepler optimization algorithm (KOA ) and attention mechanism (AM) are employed to enhance the CNN-BiGRU network
to realize the fault diagnosis of the MMC-MTDC. Finally, the simulation model is built in PSCAD/EMTDC. The results show that the
method can not only realize the detection of bus faults and line faults but also solve the problem of easy refusal of protection under the
high resistance state while meeting the requirements of protection reliability and speed.

Keywords: multi-terminal direct current grid based on modular multilevel converter (MMC-MTDC); fault characteristics;
empirical mode decomposition (EMD); Kepler optimization algorithm (KOA); attention mechanism (AM); convolutional

neural network (CNN) ; bidirectional gated circulation unit (BiGRU) ; fault diagnosis
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Improved piecewise coordinated frequency control of wind power generation system
considering voltage restoration

CHEN Yuehai', PENG Qiao', LIU Tiangi', GU Tingyun’, ZHANG Houyi’, XIN Yue'
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China;
2. Electric Power Research Institute of Guizhou Power Grid Co., Ltd, Guiyang 550007, China)

Abstract: The large-scale integration of wind farms and power electronic devices reduces the total inertia and frequency regulation
capability of power grid. The new energy systems, including wind power generation system, are required to provide sufficient inertia
support to ensure the stability and safety of frequency. The wind power generation system can provide virtual inertia to the power grid
by applying the kinetic energy of wind turbine rotor or the electrostatic energy of DC capacitor. However, how to coordinate the two
sources to achieve optimal utilization of resources and efficient inertia support is the current research difficulty. On the other hand, the
participation of DC capacitor of wind power generation system in virtual inertia provision may lead to sustaining deviation of DC
voltage from the rated value. It is difficult for the wind power generation system to cope with subsequent possible disturbances, and
the continuous frequency regulation capability of wind power generation system is constrained. Therefore, an improved piecewise
coordinated frequency control method for wind power generation system considering voltage restoration is proposed. Firstly, a
piecewise coordinated frequency control of wind power generation system considering virtual inertia provision from wind turbine
rotor and DC capacitor is constructed. Then, a novel virtual inertia control of DC capacitor considering DC voltage restoration is
proposed, based on which an improved piecewise coordinated frequency control of wind power generation system considering voltage
restoration is developed. Finally, simulation analysis is carried out in PSCAD/EMTDC. The simulation results show that the proposed
control method fulfills the participation of DC capacitor in virtual inertia provision, and it can restore the DC voltage rapidly without
affecting the inertia support performance of wind power generation system. The proposed method optimizes the use of frequency
regulation resources and improves the grid support capability of wind power generation system under cascading frequency
disturbances.

Keywords: wind power generation system; frequency control; virtual inertia; DC capacitor; voltage restoration; piecewise

control
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