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Pilot protection scheme for DC distribution network based on
improved dynamic time warping distance algorithm
RAN Qisheng,ZHANG Zhe ,HAN Jiexiang, YIN Xianggen, REHEMAN Yushan,LIU Binyan

(State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: After active current-limiting control is adopted in DC distribution network constructed by the
fault-blocking converter, the characteristics of short circuit current will be complicated, which severely affect
the performance of the protection. Based on the analysis of short circuit current characteristics under
active current-limiting control of DC distribution network,a pilot protection scheme based on improved DTW
(Dynamic Time Warping distance) algorithm is proposed according to the difference in current waveforms
on both sides of the line during internal and external faults. The DTW is calculated by the time series of
current sampling values on both sides of the line. Then,the fault line can be identified according to the
feature that the DTW value under internal fault is much larger than that under external fault. The starting
criterion is constituted by voltage gradient to self-calibrate the starting time of DTW algorithm. Further-
more,a weighting function is introduced to improve the DTW algorithm to suppress edge effects. As a result,
the influence of synchronization errors on protection is effectively reduced, and protection reliability is
improved. Case analysis shows that the proposed protection scheme can correctly distinguish internal and
external faults in different power grid operation modes with strong adaptability. In the meantime,the transi-
tion resistance and distributed capacitance current can be well tolerated.

Key words: DC distribution network;active current-limiting; pilot protection; dynamic time warping distance;
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Minimum characteristic loci method for power system
small disturbance stability analysis
HUANG Wei',ZHANG Qingbo’,XU Hao’, WU Simin’, GAN Degiang’
(1. Yunnan Electric Power Dispatching and Control Center,Kunming 650011, China;
2. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: A small disturbance stability analysis method based on Nyquist characteristic loci for multi-input
multi-output system is proposed,which can quantify the contributions of turbine-governor loop and additional
excitation control loop to stability margin. Firstly,a concise Heffron-Phillips model is obtained through block
diagram transformation, and then a new stability margin is defined according to the relationship between
the generalized Nyquist curve and characteristic loci. Based on the model mentioned above,a linear analyti-
cal expression of the stability margin is derived,which includes the turbine-governor loop and the additional
excitation control loop,so that their influence on stability margin can be shown clearly. In addition,the pro-
posed method can also be used as the controller parameter setting. Finally, the accuracy and effectiveness
of the proposed method are proved by several cases.

Key words: electric power systems;small disturbance stability; generalized Nyquist curve;characteristic loci;
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Fig.A1 Block diagram of Heffron-Phillips model
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Fig.A2 PSS phase-angle compensation for inter-area mode of IEEE 6-machine 11-node system by three calculative methods
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Fig.A3 PSS phase-angle compensation for New Zealand 39-node system by three calculative methods
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Fig.A4 PSS phase-angle compensation for Poland 2 383-node system by three calculative methods
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Fig.A5 Imaginary parts of minimum eigenvalues and real parts of
system critical eigenvalues of IEEE 6-machine 11-node system
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