
https://doi.org/10.1016/j.ijepes.2018.11.014
https://doi.org/10.1016/j.ijepes.2018.11.014


Contents lists available at ScienceDirect

Electrical Power and Energy Systems

journal homepage: www.elsevier.com/locate/ijepes

Mechanical DC circuit breaker model for real time simulations

Siyuan Liua,b, Zhou Liua, Jose de Jesus Chaveza, Marjan Popova,⁎

a Delft University of Technology, Faculty of EEMCS, Delft, the Netherlands
b Xi’an Jiaotong University, Department of Electrical Engineering, State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an, China

A R T I C L E I N F O

Keywords:
HVDC mechanical circuit breaker
HVDC grid
Circuit breaker performance
RTDS model

A B S T R A C T

The main goal of the paper is the modeling of the mechanical circuit breaker (MCB) that can replicate the
breaker characteristics in real time environment. The proposed MCB with active current injection is modelled for
a system level, which provides adequate representation of the circuit breakers for system analysis studies.
External current-voltage characteristics of the proposed MCB models replicate the ones of the devices in the real
world. It is well known that the DC circuit breaker (DCCB) needs to interrupt DC faults very quickly in order to
avoid converter damages. The total current interruption time consists of fault detection time, time needed for the
DC protection to provide command to the DCCB, and DCCB arc clearing time. Thus, it is necessary to demon-
strate the system performance of associated protective devices through real time simulation, before these devices
can be implemented and commissioned in practice. This paper presents a detailed modeling of the mechanical
DCCB in real time simulation environment based on RTDS. The performance of the model is verified by the
simulations based on PSCAD and meaningful conclusions are drawn.

1. Introduction

The growth of renewable energy sources changes the existing
transmission systems. Significant progress has been made toward the
development of Voltage Source Converter (VSC) based HVDC in the last
few years, which enable meshed HVDC grid to provide a promising
technological solution for the connection of offshore wind farms. In
order to utilize the potential of offshore resources, meshed networks are
urgently studied. There have been several point-to-point VSC HVDC
networks in operation, connecting offshore wind resource to mainland.
Meshed HVDC offshore grids will provide additional flexibility, security
and sustainability to energy supply assets. The development of meshed
HVDC offshore grids is hindered by a few technical barriers. One of the
main barriers is the lack of reliable, fast, low loss and cost effective
HVDC circuit breakers, which can allow the isolation of faulted seg-
ments from the HVDC grid and keep the healthy areas operating con-
tinuously [1].

The development of HVDC circuit breakers (CBs) is different from
that of AC CBs. DC faults are not easy to interrupt because of the ab-
sence of a natural current zero. An artificial current zero is needed to be
created by adding an active current injection circuit. Due to the absence
of practical testing platform for HVDC CBs [2], the related transients
are investigated based on the simulations conducted in RTDS environ-
ment.

Several mechanical DCCB models have been presented in the lit-
erature [3–7]. The complexity level of such models changes according
to their applications. More simplistic models, like the one presented in
[3–5], are conceived to be applied in system-level studies. Models
proposed in [6,7] are used to clarify the physical performance as well as
the interactions and stresses between internal components. Also in our
previous work on Mechanical DCCB [8], a system-level model has been
developed in PSCAD with the consideration of high fault current in-
terruption and energy dissipation.

In [4], an EMTP (electromagnetic transient program) based model
of the mechanical DCCB for transmission applications is presented. The
model includes the main hardware components (ideal switches with
delay, resonant circuit, surge arrester), the control logic and interlocks
between sub-components, and self-protection feature in case of failures
of the DC protection scheme. The model is proved to be robust for a
large range of operating conditions (DC fault clearing, reclosing op-
eration, self-protection, reclosing into a DC fault). Despite being a va-
luable starting point for developing a system level model of the me-
chanical DCCB with active current injection, the model is regarded too
detailed for system-level studies and it is not compatible for RTDS based
modelling as it would require a very fast time sampling.

All these models mentioned above are realized by making use of
different software packages that do not operate in real time. However,
in the future studies, one of the main issues will be the time
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