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Research on Analytical Expression of DC Side Fault Transient Current
and Fault Characteristics in Hybrid HVDC System

LI Tao'*, HU Di', LIU Hongda®

2. Ningbo Power Supply Branch, State Grid Zhejiang Electric Power Co.,

Abstract: The hybrid high voltage direct current ( HVDC)
transmission system consists of the line-commutated converter
based HVDC ( LCC-HVDC ) transmission system and the
voltage source converter based HVDC ( VSC-HVDC )
transmission system, which have different fault characteristics
than conventional HVDC transmission system. To solve this
problem, the DC side fault transient current characteristics in
hybrid DC transmission systems are investigated. Firstly, a two
terminal hybrid HVDC transmission system with LCC converter
station in the sending-end grid and VSC converter station in
the receiving-end grid is established. The equivalent circuit in
case of DC side fault is derived by using laplace transform
theorem, and the simple expressions of DC fault current on
LCC side and VSC side are analyzed. Secondly, on the basis
of the simple expressions, the accurate fault current
expressions on both sides are further analyzed by fully
considering the dynamic change process of the trigger angle of
the LCC converter station at the sender side and the feed-in of
the AC current from the VSC converter station at the receiver
side. Then, the variation characteristics of DC side fault
current in three HVDC systems are comparatively analyzed in
terms of fault current amplitude and harmonic. Finally, the

correctness of the proposed analytical expression of DC side
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fault current is verified by MATLAB/Simulink simulation.

Key words: line-commutated converter based on high-voltage
direct current (LCC-HVDC) ; voltage source converter based
on high voltage direct current ( VSC-HVDC) ; hybrid HVDC
trigger angle; the

transmission; DC fault characteristics;

feeding of AC current
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Fig.1 System topology and equivalent circuit
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With the development of the power grid, more and
more voltage source converter based on high voltage
direct current (VSC-HVDC) will be fed into the load
center, forming a pattern where line-commutated
converter based on high-voltage direct current ( LCC-
HVDC) and VSC-HVDC are mixed and fed into the
grid. When two types of HVDC transmission systems
form the same (ransmission network, they exhibit
different fault characteristics from single-infeed HVDC
transmission systems. Therefore, studying the fault
characteristics of hybrid multi-terminal HVDC system,
especially solving the analytic expressions of the fault
current on the LCC-side and the VSC-side when the DC
side fails, has important theoretical and engineering
significance for the research of the hybrid multi-
terminal HVDC system.

Firstly, this paper establishes the equivalent
Laplace transform model of the three-terminal LCC-

VSC-VSC

expression of the short-circuit current on both sides

network, and analyzes the simple
when the DC line fails. Secondly, considering the
shortcomings of the simple current expressions on
both sides, the least square method is used to
linearize the trigger angle on the LCC-side and the
common inner-loop PI controller model on the VSC-
side is used to analyze the AC current fed to the DC
side, which obtain the accurate expression of fault

Then, the

characteristics of DC side fault current in three

current on both sides. variation
HVDC systems are comparatively analyzed in terms
of fault current amplitude and harmonic. Finally, the
correctness of the proposed analytical expression of

DC side fault current is verified by MATLAB/

Simulink simulation.
Fig.1

waveforms within 15 ms during the post-fault. As

shows the simulated and calculated
observed, the variation trend between the simulated
value and the calculated value is basically the same
within 7 ms of the fault occurrence, because the
dynamic process of the fault current during this period
can be approximately considered to be linear. The
fault analysis approach described in this paper is
solely directed at the linearized process at the
beginning of the fault, it concentrates on assessing the
7 ms fault current waveform during the post-fault. For
the nonlinear process of the whole fault process, it is
necessary to use the data of different stages and the
method of this paper to solve the short-circuit current
expression. For example, if the current expression
between 7-15 ms is to be solved, it is necessary to
use the data at 7 ms as the initial value and the data
at 15 ms as the final value. The purpose of this study
is to solve the short-circuit current expression from the

which

provides a theoretical reference for the protection

fault occurrence to the maximum value,

principle of hybrid HVDC system.
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Fig.1 Simulated and calculated values of short-circuit

current in different time window
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