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A phase-mode transformation matrix for reflecting all types of cable faults

WANG Zhi', WANG Bin®
(1. Yantai Xiaoheng Yunwei Electric Power Technology Co., Ltd., Yantai 264000, China; 2. National Key Laboratory of New
Power System Operation and Control (Department of Electrical Engineering, Tsinghua University), Beijing 100084, China)

Abstract: Phase-mode transformation is fundamental for fault analysis in three-phase coupled power systems. The
structural differences in phase-mode transformation matrices directly affect the speed and accuracy of fault identification,
as well as the effectiveness of single-mode fault type classification. To address the issue that existing phase-mode
transformations fail to extract modal fault components that reflect all fault types, this paper proposes a phase-mode
transformation matrix for fault components capable of representing all types of cable faults. First, based on the physical
structure of the cables, a transient fault characteristic analysis is conducted to summarize the coupling characteristics
between equivalent conductors. Then, considering the mathematical characteristics of uniformly transposed cable line
parameters, a fault component phase-mode transformation matrix that reflects all cable fault types is proposed. The
transmission paths and attenuation characteristics of each mode are also analyzed. Finally, a case study based on a
distribution network system is conducted, and simulation verification is performed in PSCAD. The results show that the
proposed decoupling matrix can effectively decouple the cable system, allowing a single extracted mode to reflect all
cable fault types while maintaining stable wave velocity and minimum attenuation, making it suitable for cable fault
location.
This work is supported by the National Natural Science Foundation of China (No. U23B20117).
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Fig. 1 Basic structure of cable

M i< »! N
AR - = I
A - A% iy
/ { \ZMZN Y D:JE jf YRR
B Gt - \éy/ —
o e\ 2N | |
oo T The
A ZN\y Zrr 7. N i
CHIGHS -2 e
CHRRE -~ NN
<4 Y _L 1 Y
T I

B2 ZtHETHEARBEARE
Fig. 2 Coupling model of three-phase single-core cable
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Fig. 3 Transmission paths of individual modes in the new

phase-mode transformation matrix
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