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A Pilot Protection Scheme for Hybrid Three—terminal DC Systems
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(1. School of Electrical and Control, Xi’an University of Science and Technology, Xi’an 710054, China;
2. School of Electric Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To improve the transmission reliability of multi-terminal systems, this paper proposes a hybrid three—
terminal DC trans—mission line pilot protection method based on the Mann—Kendall test method. The method uses
the T—connected bus three terminal current fault component to determine the fault area, then uses the Mann—
Kendall test method to analyze the changing trend of the current at both ends of the line in the fault area, and
realizes the fault type identification and the fault pole selection. Finally, the model is built in PSCAD/EMTDC and
different fault conditions are simulated, and the proposed protection method is verified with MATLAB. Simulation
results show that the proposed method can operate reliably within 2.5 ms under various fault conditions, with good
quick—action, and has strong resistance to noise interference and transition resistance.
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Fig. 1 Structure of a hybrid three—terminal DC transmission system
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Fig. 5 Current diagrams for internal and external faults
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Fig.6 The fault component curves of line mode current at both

ends of the line during positive fault
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Tab.3 Transmission system parameters
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Tab. 4 Different fault locations and their corresponding

fault types
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Fig. 8 Tilt of the line mode current at different faults
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Tab. 6 Fault identification results of rectifier side under

different transition resistance
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Fig. 10 The fault identification parameter values of the second

inverter station under different transition resistance
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Fig. 11 Values for pole selection parameters under different in-

ternal faults
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Tab.7 Values of pole selection parameters for different

transition resistances

Hlcks i HLBH/Q n Wk ok I L RH/Q N

50 0.650 50 0.974

f 300 0.658 fis 300 0.999
500 0.666 500 0.985
50 -0.651 50 -0.978

f, 300 -0.659 || f,, 300 -0.989
500 -0.667 500 -0.969
50 ~2.707E-05 50 ~1.280E-05

1, 300 ~1.437E-05|| f, 300 ~7.690E-06
500 5.499E-05 500 -1.610E-07
50 -2.037E-06 50 7.059E-06

fs 300 ~1.157E-05 || f,, 300 1.362E-05
500 5.772E-05 500 1.943E-05
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Tab. 8 Results of identification parameters with different

noise
[ U Z, Z, y n
40 -6.936 6983  -0.505 —
I 20 -5582 6236 -0.609 —
40 -6.890 6983  -0.466 —
I 20 -5.862 6796  -0.509 —
40 2592 5.956 0710 0.678
L 20 2125 4367 0.791  0.556
40 2919 6.843 0.791  -0.013
Iy 20 2032 6.609 0.690  0.090
40 -6.609  6.843  -0.566 —
s 20 -4881 5862  -0.605 —
40 -6.750  6.890  -0.587 —
fa 20 -5.161 6236 -0.576 —
40 6.750  6.329 3308 0.955
I 20 5.629  4.648 2.953 0.956
40 6.843  6.423 2602 —0.001
Fie 20 6.282  5.255 3.323 0.007
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Tab. 9 Experimental data based on fitted current slope

characteristics method
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