553 % 4520 ] wARERY HER Vol.53 No.20
202510 H 16 H Power System Protection and Control Oct. 16, 2025

DOI: 10.19783/j.cnki.pspc.241714

E TSt BRI ERME LB RinE
SR RMERIPE R

EHede, Bk, 2 R, BRAT Y, BADR S, hjam

(1. HEE I XFEEIARFRE, BH B2 710054; 2. BB RKFOETEFE, BH B 710049;
LA N E S KIRE, B Far 710049)

T AT RNk B P AR R AU OR 7 Sk = A RO E R DU R T 5 S BURY RSN A, Sl T — ik
T AU A B LU ) R AT SRR R T SR E e, TSR E A R G A X N e . AN 4%
T T TP LA L b 4 P RS LT IR I AT IR A S, R R AR . AR SREERE 1, 5
NBER SR 70 H IR AT SRt 2R AT DAL AR BE, - DARE i s A 70 IO Z2 bk, R HIAS [F) B B e AR R B A A
S XA MR A o IR, 255 TR TR AR B RE B 0 A R R 2 AR AL, 3R — Pl AU e PR T i
RETE I TE BB B B AR R T R IR OT R A IR R B Rt . KB IIER W, e fRyrae
P AR AR L e, R I RS X O3 R o T, RAT B AR I F B e T R T A

KA FMEEASE RS HZ Ry Sudiry; RREMIRE; HdTIiRm

High-reliability non-unit protection for flexible DC transmission lines based on
frequency-domain energy ratio
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Abstract: To address the lack of effective setting criteria for frequency-domain protection of flexible DC transmission
lines and to mitigate the protection maloperation issue due to lightning interference, this paper proposes a high-reliability
non-unit protection based on frequency-domain energy ratio. First, this paper analyzes the frequency-domain expressions
of line-mode voltage traveling waves under four typical conditions in flexible DC transmission systems: internal ground
faults, external ground faults, line lightning interference, and lightning faults, revealing their frequency-domain
distribution characteristics. Based on this, an energy operator is introduced to weight the voltage backward traveling wave
amplitude-frequency curve, enhancing the discrimination of high-frequency components. Then, the energy accumulation
ratio across different frequency bands is used to establish a criterion for identifying internal and external faults.
Additionally, considering the significant differences in energy distribution in the low-frequency range due to lightning
interference, an efficient method for lightning interference identification is proposed. Finally, a complete non-unit
protection criterion for DC transmission lines is developed, supported by clear theoretical setting principles. Extensive
simulation results validate that the proposed protection can quickly and reliably identify line faults while accurately
detecting lightning interference, exhibiting strong tolerance to transition resistance and excellent anti-interference capability.
This work is supported by the National Natural Science Foundation of China (No. 52407142).
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Fig. 1 Topological structure of flexible DC transmission system
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Fig. 3 Schematic diagram of lightning strike transmission line
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