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Abstract— Fault level in electrical power system are rising 

due to continuous increase in demands day by day. Thus, 

circuit breakers becomes much more crucial to protect our 

power system and make it much more reliable. However, 

effective and reliable solutions regarding DC fault 

interruption have not yet been commercialized, and DC 

current breaking topologies on methods of achieving artificial 

zero needs to be modified. Although, the prototyped HVDC 

circuit breakers have shown successful test results. But it still 

needs to be modified. One feasible way is to combine fault 

current limiting technologies with DC breaking topologies. In 

this work, HVDC CBs will be simulated and interruption 

characteristics, active and reactive power will be analysed. 

Later on, SFCL will added to the HVDC CBs and the same 

analysis will be carried out again.  
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I. INTRODUCTION 

The continuously increasing demand for electric power and 

the economic access to remote renewable energy sources 

such as off-shore wind power or solar thermal generation in 

deserts have revived the interest in high-voltage direct current 

(HVDC) multiterminal systems(networks).Thus, Fault levels 

in electrical distribution systems are rising due to the 

increasing presence of distributed generation, and this rising 

trend is expected to continue in the future. Therefor need for 

energy efficient HVDC circuit breaker is obvious. [1]-[6]. 

Generally, fault current interruption can be easily 

achieved via zero-current crossing. While AC circuit breakers 

can interrupt a fault current in natural zero current, artificial 

current zero should be implemented for DC breakers to 

enable fault current interruption. To get zero crossing in case 

of DC we need to apply commutation techniques. In 

commutation technique, a dc current is converted to ac by the 

help of circuit comprising inductor and capacitor. When dc 

current flows through series R-L circuit energy oscillation 

takes place between them which results in sinusoidal nature 

of current. Thus, our purpose to get zero crossing is fulfilled. 

[7]-[9] 

Though we succeeded in getting zero current 

crossing but still enormous power loss was present. Thus to 

overcome this we used SFCL in series with different CB and 

analysed the changes in power loss and operating time of 

circuit breakers. [10]-[11] 

II. SFCL MODELLING 

R-SFCL makes full use of the quenching characteristics of 

superconducting materials to suppress the fault current. The 

superconducting materials could be mainly divided into three 

regions: the superconducting state, the flux flow state and the 

normal resistive state[12] 

In the superconducting state, the high temperature 

superconductor is considered as an extremely low ohmic 

resistor. R-SFCL will come into the flux flow state when the 

current density J exceeds the critical current density Jc. Thus 

R-SFCL presents a resistance very quickly. Because of the 

existence of the resistor, the temperature of R-SFCL grows 

up rapidly. While the temperature T is beyond the critical 

temperature Tc, RSFCL goes into the normal resistive state. 

[13] 

 
Resistive type SFCL 

 
Simulation model of SFCL 

As shown in Figure, a current measurement block 

and a controlled voltage source block are adopted in this 

subsystem to imitate the E-J power law. When an E-J 

relationship converts to a V-I relationship, there will be a 

coefficient appearing to reflect the specific parameters of the 

superconducting material[15]. So a ‘gain’ block in this 

system is necessary. 

The ampere meter constantly measures the current I 

in the circuit, which is also the current density J flowing 

through the SFCL, and an exponential calculation is operated 

for the current, whose index number is a constant (e.g. 21) in 

this case. Finally, the controlled voltage source receives the 

result of the calculation as the input and outputs the terminal 

voltage V of the SFCL. So, by using this algorithm, the 

function of a variable resistor of a SFCL has been 

accomplished. [14] 
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Quenching characteristics of the designed resistive SFCL 

with time. 

III. EFFECCT OF SFCL ON DIFFERENT TYPE OF CICUIT 

BREAKER 

The simulation result with and without SFCL on the 

following circuit breaker was simulated and test result were 

analysed. 

 
(a)MCB (b)PASSIVE RESONANCE CB (c)INVERSE 

CURRENT CB (d) HYBRID CB 

The comparison was made on the basis of circuit 

breaker parameters such as current, interruption time, active 

power and reactive power. 

As per the results current in MCB CB fault current 

came down from 14.7KA to 4.8 KA and in passive resonance 

circuit the measure advantage was that interruption time was 

reduced further in case of inverse current injection circuit 

breaker the measure advantage was reduction of current as 

well as other parameters such as active and reactive power 

and energy losses also decreased abruptly ,Further in hybrid 

CB[16]  the change due to SFCL was minimum as it already 

had pool of semiconductor devices to reduce these CB . 

Thus, after analysis of all the above circuit breaker 

it was concluded that with the use of SFCL measure change 

occurred in case of inverse current injection circuit breaker. 

And simulation result of with and without SFCL are stated 

below. The measure of current, active power, reactive power 

are analysed below 

 
FAUT CURRENT 

 
ACTIVE POWER 

 
REACTIVE POWER 

IV. SIMUATION RESULTS WITHOUT SFCL 

Now the circuit is simulated with SFCL and above results are 

analysed. And it was found that there was massive 

improvement in current, active power, reactive power. And 

thus power losses was also minimized. 

 
CURRENT 

 
ACTIVE POWER 

 
REACTIVE POWER 

SIMULATION RESULT WITH SFCL 

V. CONCLUSION 

Thus it is found that with the use of SFCL there was major 

reduction in fault current and interruption time which further 

lead to decrease in power loss. After comparison among 

given four type of circuit breaker it was found that the change 

in case of inverse current CB was more dominating. 

Thus results shows that SFCL proved more effective 

in case of I-CB and then in passive resonance CB. 
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