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Abstract— Permanent magnet synchronous generator 

(PMSG) wind turbine widely use with dc micro grid having 

large number of advantages with dc bus system. When fault 

is takes place in the system more energy is reflected to PMSG 

and its affect on the moving part of PMSG causes over speed 

and mechanical stress on the rotor. Also heavy current will 

flow the generator side converter. In this paper use super 

conducting fault current limiter (SFCL) is use to minimize the 

fault current and improve capability of PMSG wind turbine 

with dc microgrid in faulty condition. Where entire system is 

simulated by using MATLAB software and developed the 

PMSG, converter AC/DC, SFCL and DC bus. First study the 

operation of the SFCL to increases the DC output of the 

converter. Then detailed result are obtained with and without 

SFCL is consider for study the impact of SFCL on  the speed, 

torque, and output power of PMSG. Obtained result make 

sure that SFCL is suitable to minimize the fault current. In 

addition acceptable current limiting resistance value is also 

establish to obtain the successfully operation of PMSG. 
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I. INTRODUCTION 

An increasing demand for electrical energy results in increase 

the size of generating stations and interconnected distribution 

network call power grids which leads to the risk of increasing 

abnormal operation. The conventional Circuit Breakers can’t 

be use in the network as the rising fault current levels may 

soon cross its rated fault current breaking capacity. This 

increasing level of fault current will result in replacing a large 

number of devices in power systems, like generator, 

transformers and circuit breakers.  

A superconducting fault current limiter (SFCL) is 

potentially an attractive thing in HVDC protection 

application and satisfies most of the requirements. SFCLs can 

operate naturally and quickly to prevent the increase in the 

fault current, limiting the DC fault current to more acceptable 

levels. Superconducting materials are ideal for DC networks 

Since there are no losses for pure DC current making them 

virtually invisible to the system when operating normally.  

In this paper, use resistive type of SFCL combine 

with PMSG wind turbine with dc microgrid for reduce fault  

which results in reduction in fault current, Interruption time 

and dissipated energy stress on circuit breaker. 

II. DC MICROGRID AND PMSG  

Wind energy is one of the largest growing renewable energy 

sources. Wind energy technology is highly developed than 

other renewable energy sources so the wind power is the most 

important source in power system. This developed the 

combine the wind turbine generator with grid. Coupled with 

this the concept of micro grid is developed. microgrid 

improve the reliability of the energy system, also reduced 

load on the grid during peak load. DC micro grid also save 

DC-AC stage converter stage and protective device. 

In the wind power system rapid development is 

arises that developed the highest technology in power 

conversion and built different types of wind generator. Three 

types of generator system is used in modern wind power. The 

First is variable speed doubly fed induction generator (DFIG). 

The second is constant speed squirrel cage induction 

generator (SCIG). The third type is variable speed permanent 

magnet synchronous generator (PMSG) without gearbox with 

directly operate generator. 

Among them permanent magnet synchronous 

generator (PMSG) is most popular due to its high efficiency, 

no excitation, high reliability and absence of mechanical 

component like slip ring. PMSG is most workable due to the 

saving of inverter stages.  

III. DC SYSTEM MODELING AND DESCRIPTION  

A 50 KVA, 400V PMSG is used to generate the AC voltage 

through wind turbine and this AC voltage is convert to the 

DC voltage by converter. 

 
Fig. 1: PMSG with DC microgrid 

Three phase fully controlled bridge rectifier is used 

in the system. First study the characteristics of PMSG like 

speed, torque and power then the SFCL behavior under dc 

fault condition and normal condition. Finally find out suitable 

resistance value for SFCL. 

IV. SFCL 

PMSG is more feasible with large wind farm because of its 

high efficiency, reliability and construction. 

During the faulty condition in dc bus excessive 

energy is directly to the generator side and generator 

operation is disturb. So improve the fault capability use SFCL 

with PMSG. SFCL is reduce fault current level in the DC 

system. 
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Fig. 2: Restive type SFCL 

Resistive type SFCL is use because of inductance 

affect in the system during normal stage so R type SFCL is 

modeled and result s are tested with different value of 

resistance that gives successful performance during DC fault. 

It consist resistance in addition with the SFCL 

circuitry, which reduced the current in main line by 

introducing the resistance during fault condition. It act as a 

perfect conductor during normal operation 

V. RESULT AND DISCUSSION  

Simulation is conducted in matlab to analysis the 

performance of PMSG with DC microgrids combine with 

SFCL. Then detailed analysis carried out to study the SFCL 

behavior and its effect on PMSG. Result is obtained by 

considering the SFCL resistance value 3 ohm. This resistance 

value gives the better performance for limiting the current in 

dc system. 

The generator is loaded 46kw with dc current 115A, 

when line to ground fault is created on dc bus at 0.2sec  during 

this DC current is increased suddenly to 215 A.    

The value of the current is above the critical value 

of current that disturb the switching operation of rectifier.  

When bridge rectifier losses their controllability dc 

output voltage goes to zero for about 0.4 sec. Also dc power 

drop to zero during fault. 

When SFCL is use in the system the dc current is 

limited to 159A that reduce the dc voltage drop and finally 

the power delivering to the dc side is shown in figure 3. 

 

 

 
Fig. 3: Behavior of PMSG and converter output voltage 

without SFCL 

 

 

 
Fig. 4: Behavior of PMSG and converter output voltage with 

SFCL 

A. Impact of SFCL on PMSG 

Consider electrical and mechanical parameter of the PMSG 

including three phase current and electrical torque. The 

output current on all phases suddenly increases before 

applying the SFCL. The maximum fault current in the phase 

b with value of 282A. PMSG does not delivering power 

during this faulty condition. Figure 4 and 5 show the impact 

of SFCL on output current of PMSG 

 
Fig. 4: Output DC current without SFCL 

 
Fig. 5: output DC power current with SFCL 

When SFCL is apply then fault current increasing 

only in one phase and this is small value of current therefore 

PMSG is enable to delivering the power to the dc side. 

According to the following formula, if mechanical power 

from the turbine and electrical output power difference is 

decreases then the generator over speeding not takes place. 
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Without SFCL electrical power going to zero for 

0.4sec and mechanical torque is fall down slowly due to 

generator inertia. Electrical torque is restore after 0.4sec but 

during this period large dc voltage drop occurs and its causes 

over speeding of generator shown in figure6. 

 
Electrical and mechanical torque without SFCL 

 
Electrical and mechanical torque without SFCL 

Fig. 6: Electrical and mechanical torque 

With SFCL both torque are restore during pre-fault 

condition shown in fig.6. This causes small disturbance of dc 

voltage and power.  So the converter work properly without 

any switching problem. This gives the positive impact on 

PMSG speed shown in fig.7. 

 
PMSG speed without SFCL 

 
PMSG speed with SFCL 

Fig.7: Impact of SFCL on the PMSG rotational speed. 

B. Effect of Current Limiting Resistance 

SFCL is maintain the electric power near to the normal value. 

R type SFCL is use in the system. For proper operation of 

SFCL choose the proper value of resistance that successfully 

in performance during DC fault. 

Regarding DC voltage and current different value of 

resistance 

R=2ohm V=256V   I=165A 

R=3.5ohm V=400V I = constant 

R=10ohm V=615V 

The drop in DC power decreases when increase the 

resistance value shown in fig. 

After 6ohm resistance speed of PMSG decrease its 

0.9p.u. at 3 ohm so according to this result select suitable 

range 3 to 4 ohm. This value is successfully control the dc 

fault current and decrease the dc voltage drop. 

VI. CONCLUSION  

In this paper, SFCL was used to study the performance of 

PMSG wind turbine during faulty condition. The model of 

SFCL, PMSG, DC bus and converter were design using 

Matlab/Simulink. A  DC line to ground fault was produced to 

analyze the interruption in dc bus. 

From this simulation result SFCL is minimize the 

fault current, interruption time and energy dissipated stress on 

PMSG and CB. The detail characteristics of PMSG with and 

without SFCL was carried out to study the impact on PMSG. 

As a result, the maximum fault current appearing during 

faulty condition it could be effectively limited by SFCL with 

resistance value 3 ohm, when increase the values of resistance 

it affect on dc voltage. Finally SFCL installation with PMSG 

could be reliable and cost-effective option to enhance DC 

fault current interruption. 
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