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Abstract: - HVDC transmission system is applicable for bulk power transmission over a long distance. During transmission of
bulky power obviously there exists many chances of faults. These faults in HVDC system are converter station fault, DC line to
line fault, DC line to ground fault. When sudden short circuit fault is happened on transmission line, it will cause sudden
increase in current magnitude. Various electrical devices used for protection of such a transmission line against serious fault
current. Circuit breakers, current limiting reactor are used to protect the system from fault current, superconducting fault
current limiter is one of them. HVDC circuit breakers are available in various types out of them we focus on Hybrid DC
(HDCCB) circuit breaker in this paper. For better results circuit breaker is consider with two cases means without applying
Superconducting Fault Current Limiter and by applying Superconducting Fault Current Limiter. In this paper Resistive type
Superconducting Fault Current Limiter is used with Hybrid circuit breaker. Resistive Superconducting Fault Current Limiter
have an effective solution to effectively limit fault current levels by absorbing fault current during fault. The simulation results
are observed for the model of HDCCB. The magnitude of the fault current in the HDCCB with and without SFCL is compared.

Introduction

The high voltage direct current (HVDC) transmission line has experienced a great development over the last decades due to
the following features: 1) compact and flexible station layouts, with low space requirements and a scalable system design; 2) a
high dynamic performance and stable operation with AC network; 3) supply of passive network and black-start capability; 4)
an independent control of active and reactive power. HVDC circuit breakers (HVDC CB) are widely considered a key
technology in the implementation of the HVDC system. Generally, fault current interruption can be easily achieved via zero-
current crossing. To fulfill the zero-crossing condition of DC fault current, a forced current reduction method should be
utilized, and various type of HVDC CB are summarized; some of which have revealed prototypes and successful test results. In
this paper we have focusing solely on Hybrid DC circuit breaker (HDCCB) to achieve artificial current zero should be
somewhat modified. As an alternative, one feasible solution is to combine fault current limiting technologies with DC breaking
topologies. Current limiting technology has been getting much attention as it can efficiently limit the short-circuit faults and
improve transmission system performance. Superconducting fault current limiter is an effective solution to reduce the fault
current, without changing transmission line parameters.[1]

Superconducting Fault Current Limiter (SFCL) is innovative electric equipment which has the capability to reduce fault current
level within the first cycle of fault current. The application of the fault current limiter (FCL) would not only decrease the stress
on network devices, but also can offer a connection to improve the reliability of the transmission system. There are various
types of SFCLs, which are made of different superconducting materials and have different designs. They are categorized into
three broad types: the resistive type, the inductive type and bridge type SFCL. In this paper we have find outs result of
resistive SFCL on performance of Hybrid DC circuit breaker. Here we discussed the operating characteristics of SFCL
introduced into a simplified power transmission model system of Hybrid DC circuit breaker (HDDCB) using
Matlab/Simulink.[2]

A) HVDC test bed model :

In order to analyze the impact of SFCL on Hybrid HVDC CBs, a test-bed model was designed in Matlab/Simulink as illustrated
in Fig 1. Here the system model is developed by using different components of different rating. The simple, symmetrical,
monopole, point-to-point, 2- level, half-bridge HVDC system was utilized to concentrate the interruption performance of the
DC fault current in detail. The AC network adjacent to the HVDC link was substituted by an equivalent RL impedance, which
enabled the X/R ratio of the power system to be determined. The converter transformer was a wye-delta connection. A phase
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reactor, Lp, was added between the converter and transformer to filter the harmonics during conversion. Each type of HVDC
CB and SFCL was located at the output of the rectifier. Detailed specifications of the HVDC link are as follows: the rated voltage
=+100 kV, nominal current = 1 kA, nominal power flow = 100 MW, and the transmission line length = 50 km. [3]
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Fig. 1. Two-level point-to-point HVDC test bed model

In this model Hybrid DC circuit breaker (HDDCB) is used in series with Resistive Superconducting Fault Current Limiter
(SFCL).

B) Hybrid DC circuit breaker (HDDCB):
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Fig.2. Hybrid DC circuit breaker

It is based on fast mechanical switches and power electronics switches and combines the merits of resonant and solid state
breakers. The low loss branch consists of an ultrafast disconnector and a load commutation switch. In the main breaker, IGBT s
are connected in series and surge arrester is used to exhaust the fault current. The delay times of IGBT was assumed as Atiggr =
6 ps in simulation. During normal operation, current flows through the main path, when a DC fault occurs, the auxiliary DC
breakers (ADCB) and fast disconnector are opened sequentially, and then the current starts to commutate from the main path
to secondary path. After commutation, main DC circuit breakers (MDCB) in secondary path are opened, and total current is
reduced because the current flows to the snubber circuit of MDCB until the parallel-connected SA trips. When the voltage

across the HDCCB terminals exceed to knee voltage, the SA ignites and forces the DC fault current to zero by absorbing
remaining fault energy. Rating of HDCCB:

Current - 5 kA, Voltage - 100 kV, Power - 100 MW. The results of simulation models are shown in fig.3 [4].
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C) Simulation results of HDCCB without SFCL:

Fig.3. shows main current of HDCCB without applying SFCL Main current value of HDCCB without SFCL is 3.5 KA. In this case
of HCDDCB without using SFCL, the fault current interruption time is 7.8 ms.

Fig.3. Main current of Hybrid circuit breaker

Secondary path current of HDCCB without SFCL is 3.5 kA. Shown in fig.4

Fig. 4 Secondary current for HDCCB without SFCL
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Current through absorber path having value 3.1 kA. Shown in given fig. 5

Fig.5 Absorber path current for HDCCB without SFCL

Now we have to find simulation results of Hybrid DC circuit breaker when SFCL is used. Simulation model of this system is
similar with above case only difference is SFCL is added here in series with HDDCB.

Given fig.6 shows main current of HDCCB. The main current value is about 2.9 kA. Fault current interruption time is 7.6 ms and

achieve nearly 17 % reduction in fault current level.

Fig. 6 Main current for HDCCB with SFCL
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The secondary path i.e current through snubber circuit is 2.8 kA

Fig. 7 Secondary path current for HDCCB with SFCL

Fig.8 shows absorber path current of HDCCB. The value of absorber current is 2.3 kA

Fig. 8 Absorber path current for HDCCB with SFCL

Where, main current is current through mail path, absorber current is current through absorber path via surge arrester and
last is secondary current i.e current through secondary path which consist snubbers. [5]
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Table I: Current values of HDCCB without and with SFCL

Parameters HDCCB Without SFCL HDCCB with SFCL
Total current 3.6 kA 29kA
Main current 3.5kA 29kA
Secondary current 3.5kA 2.8kA
Absorber current 3.1kA 2.3kA
Snubber current 3.3kA 2.6 kA

Conclusion:

The high current during fault is difficult to handle by circuit breakers and every time it is not possible to use high rating circuit
breakers. Considering this point in addition to HVDC circuit breaker a fault current limiting device named as Superconducting
Fault Current Limiter is used in studied in this paper. The Resistive Superconducting Fault Current Limiter considers
quenching characteristics and a simple HVDC test-bed were designed using Matlab/Simulink.
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