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Abstract - Voltage Source Converter HVDC (VSC-HVDC) are a
better alternative than conventional thyristor based HVDC systems.
Unfortunately, VSC-HVDC’s full potential cannot be utilized up till
now due to absence of suitable HVDC protection. Recently, hybrid
HVDC circuit breakers (HDCCB) have been developed and
successfully lab tested. However, their application and feasibility in
VSC-HVDC needs to be investigated. In this research paper we have
modelled an existing HDCCB and evaluated its impact on fault
reduction and interruption in VSC-HVDC systems. The HDCCB was
applied in Korean Jeju-Haenam VSC-HVDC system model and its
impact was analyzed for HVDC line-to-ground and line-to-line faults.
HDCCB successfully interrupted the fault current and prevented the
damages to costly IGBTs and converter transformers.

1. INTRODUCTION

Voltage Source Converter HVDC's (VSC-HVDC) full potential
cannot be utilized uptill now due to absence of suitable HVDC
protection. After a DC fault in VSC-HVDC, the IGBT antiparallel
diodes continue to supply DC fault current despite IGBTs being
turned off. This is due to the arrangement of IGBT antiparallel
diodes in uncontrolled rectifier arrangement. HVDC Circuit Breakers
(DCCB) are needed to interrupt the DC fault current [1].
In this research paper we have modelled an existing hybrid type

DCCB (HDCCB) and evaluated its impact on fault reduction and
interruption in VSC-HVDC systems. An existing topology of HDCCB
was modelled. This HDCCB was applied in Korean Jeju-Haenam
VSC-HVDC power system model and its impact was analyzed for
HVDC cable line-to-ground and line-to-line faults. HDCCB model
successfully interrupted the fault current and prevented current to
rise to damaging levels which can destroy converter station IGBTs.

2. MAIN BODY

  2.1 Hybrid HVDC Circuit Breaker (HDCCB)
AC circuit breakers interrupt AC fault current at its natural zero

crossing, but there is no zero point in DC fault current. Forcing the
huge and rising DC fault current to zero in HVDC require methods

which are different from AC circuit breakers. One of the methods is
inverse voltage generating method in which DCCB reduces the DC
current to zero by making the reverse voltage across DCCB higher
than the source voltage [2]. HDCCB shown in Figure 1, which
works on inverse voltage generation method, was modelled for the
presented work and it was proposed in reference [3].

2.2 JEJU HAENAM VSC-HVDC SYSTEM
To meet the power demands of Jeju-island, a 100 km LCC-HVDC

submarine cable link exists between Haenam-mainland and
Jeju-island [4]. In this research paper we have assumed that the
LCC-HVDC of the Jeju-Haenam link was replaced by a VSC-HVDC
system [5]. Figure 2 shows the Matlab/Simulink model of the
VSC-HVDC connected with the Jeju-island microgrid. The
VSC-HVDC contains two-level VSC converters arranged in
symmetrical monopole configuration. VSC-HVDC voltage = ±180 kV,
Load Current = 800 A, and Power Flow = 300 MW. The rectifier
converter is located at Haenam-mainland and inverter converter is
located at Jeju-island. Each HVDC transmission line is protected by
HDCCBs located at rectifier and inverter converters.

 2.3 FAULT SIMULATION ANALYSIS
The objective of fault simulation analysis was to analyse the

effect of HVDC faults on the VSC-HVDC system and the source AC
system in the absence and presence of HDCCB. HVDC cable
line-to-ground and line-to-line faults were made at points marked as
Fault 1 and Fault 2 in Figure 2.
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<Figure 2> Jeju-haenam VSC-HVDC link modelled in Matlab/Simulink/Simpowersystems.
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<Figure 1> Single line diagram of HDCCB.
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   2.3.1 DC Line to Ground Fault (Fault 1)
A line-to-ground fault was generated in HVDC cable at a

distance of 50 km from the converter stations as shown in Figure 2
and marked as Fault 1. Figure 3 shows the currents measured at the
critical points in the system with and without HDCCB present in
VSC-HVDC. Figure 3 (a) shows the output current of the rectifier.
In the absence of HDCCB, severe first peak fault current flows
through the positive line as shown by the dotted line. After
application of HDCCB, shown by dark lines, the faulted pole was
isolated within three milliseconds.
Figure 3 (b) shows the input DC current at the inverter. In the

absence of HDCCB, a huge reverse peak of fault current flowed
through the positive line as shown in dotted line. This peak fault
current was supplied by the Jeju-island AC grid. After application of
HDCCB, as shown by dark lines, the faulted pole was isolated within
three milliseconds. Figure 3 (c) shows the single phase current of
Haenam-mainland AC grid measured at the output of the rectifier
transformer. The HDCCB significantly suppressed the peak of the
fault current and protected the transformer and IGBT antiparallel
diodes from the unwanted large transient current.

  2.3.2 DC Line to Line Fault (Fault 2)
A line-to-line fault was generated in HVDC transmission line at a
distance of 50 km from the converter stations as shown in Figure 2
and marked as Fault 2. Figure 4 shows the currents measured at the
critical points in the system with and without HDCCB present in
VSC-HVDC. After the fault, despite the converter stations being
turned off within microseconds, the fault current flowed. Figure 4 (a)
shows the DC output current of the rectifier. In the absence of
HDCCB, severe first peak fault current flows through both the
positive and negative lines of the HVDC cable, as shown in dotted
lines. After application of HDCCB, as shown by dark lines, both the
positive and negative HVDC lines were isolated.
Figure 4 (b) shows the input DC current at the inverter station. In
the absence of HDCCBs, huge reverse peaks of fault current flowed
through both the positive and negative lines of the HVDC cable, as

shown in dotted line. These peak fault currents were supplied by the
Jeju-island AC grid. After application of HDCCB, both the positive
and negative HVDC lines were isolated.
Figure 4 (c) shows the single phase current of Haenam-mainland

AC grid measured at the output of the rectifier transformer. The
HDCCBs significantly suppressed the peak of the fault current and
protected the rectifier transformer and IGBT antiparallel diodes from
the unwanted large transient currents.
The HDCCB has shown excellent performance in the suppressing
DC fault currents and protecting the VSC-HVDC equipment.

3. CONLUSION

In this research paper an existing hybrid type HVDC circuit
breaker was modelled and its impact on fault reduction and
interruption in VSC-HVDC systems was evaluated. The HDCCB
model was applied in Korean Jeju-Hanenam VSC-HVDC power
system model. HVDC cable line-to-ground and line-to-line faults
were made. HDCCB model successfully interrupted the fault current
and prevented it to rise to damaging levels which can destroy the
converter station IGBTs. HDCCB played a significant role in the
protection of VSC-HVDC grid and it is a feasible solution for the
protection of VSC-HVDC.
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<Figure 3> Critical currents for line-to-ground fault (Fault 1): (a) 
Output current of the rectifier station, (b) Input current at inverter 

station, (c) Single phase AC output of rectifier transformer.
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<Figure 4> Critical currents for line-to-line fault (Fault 2): (a) 
Output current of the rectifier station, (b) Input current at inverter 

station, (c) Single phase AC output of rectifier transformer.


