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Electromagnetic Transient Modeling and Pole-to-ground Fault Characteristics of Cables in
VSC-HVDC Bipolar System with Metallic Return
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Abstract: As a key transmission device in voltage source converter (VSC)-based high-voltage direct current (HVDC)
system, cross-linked polyethylene (XLPE) cables are affected by various transient events. The long-term exposure to tran-
sient electrical stress can lead to gradual insulation degradation. To improve the accuracy of the transient calculation, an
analytical method for determining the equivalent distributed circuit parameters of cable was proposed after the multilayer
structure and the material properties were considered. Based on the proposed model, a VSC-HVDC bipolar system with
metallic return was modeled in PSCAD/EMTDC to study the mechanisms of overvoltage and overcurrent under the
pole-to-ground fault. Transient characteristics of both pole and metallic return cables were obtained, with an in-depth in-
vestigation into the variations of fault-induced transients under long-distance transmission scenarios. The results show that,
under a pole-to-ground fault, a zero-crossing damped oscillation will appear at the non-fault section of the faulty cable.
The pseudo-period of the oscillation is related to the fault distance and wave velocity, while the oscillation amplitude is
influenced by the fault distance, fault impedance, valve-side impedance, cable characteristic impedance, and attenuation
characteristics. The reverse voltage peak caused by the oscillation increases with distance from the fault point, reaching a
maximum value close to —1 pu (base value 320 kV). Pole-to-ground faults can lead to similar and significant overcurrent
in both the faulty pole and the metallic return cable. The peak overcurrent is determined by the uncontrolled rectification
steady-state stage after MMC blocking and the trip time of the AC circuit breaker. A grounding fault at the sending end of
the DC cable results in the highest current peak. Short cable routes (kilometer scale) experience larger transient currents,

while long cable routes (hundred-kilometer scale) are more prone to severe overvoltage in the metallic return cable and

EEEBWE: ERESPIRTRICE LRI N RGIERE IS SR2 K AR )(2023 YFB2406900) .
Project supported by National Key R&D Program of China(Remote Monitoring and Fault Diagnosis Technology for Offshore Wind Power Grid Connected
System)(2023 YFB2406900).



5004 i LR AR

2025, 51(10)

the healthy pole during single-pole faults. The study aims to provide an accurate cable model and simulation reference for

evaluating transient electrical stresses and insulation coordination for cables in VSC-HVDC system.

Key words: XLPE cable; VSC-HVDC system; electromagnetic transient; pole-to-ground fault; metallic return cable
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Table 3 Magnitude of cable overvoltage under pole-to-ground

fault at different transmission distances
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Table A1 Main material parameters of £320 kV DC cable

e HLH #/(Q- m) AHXT A HLH 420 °C)
S 1.89 X 1078(1+0.003 9(T-20)) —
SRR 1.41 X 1075724148 X 107T+0.046 2.08x10% 0021 5210
T4 %% — 23
2557 — 2.08x10% 0021 52x10¢
FHAK G 2 — 450.0
e Bk 2.83 X 1078(1+0.003 9(7-20)) —
VRS — 34

W TNIBITRECAAL: C), fATHEBREANS: Hz).

£ A2 10KV BJB ML LT SHL
Table A2 Geometric parameters of 10 kV MRC

B A7 /mm JEJ /mm
2R 23.8 —
SR 25.5 1.7
BRI 31.5 6.0
A 25 Bl 323 0.8
FHAK i 2 37.1 48
& Bl 39.1 2.0

A TAE= 43.1 4.0
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