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ABSTRACT: Different types of distributed generation (DG) sources could be connected to the main power grid in 
order to improve the reliability of the power system, in a smart grid. The association of ac and dc distribution grid are 
assigned for the efficient connection of renewable power resources. In this function, one of the major difficulties  due 
to these integrations is the excessively large in the fault current due to the activity of DG in the smart grid. A 
superconducting fault current limiter (SFCL) could be applied, to protect the smart grid from increasing fault current, 
which has very less power loss and ability to limit initial fault currents effectively. This paper presents validity analysis 
results of the location of the SFCL and its effects on decreasing fault current in a smart grid having ac and dc 
microgrid. The entire power system was implemented with a low voltage dc grid connected with a photovoltaic farm 
and a microgrid having wind farm . Validity analyses were performed for the severe faults with the various SFCL 
locations. The dynamic location of SFCL in  power grid, which could limit fault currents and a positive effect on the 
DG sources, is found to be the connection point of integration of the each DG sources in the  micro grid. 
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I. INTRODUCTION 
 

The  consumption  of electrical energy has continually increasing and  transmission and distribution  organization 
has been more convoluted. For that causes, smart grid concept  has been introduced, which could handle the 
consumption of electricity in real time and becomes more flexible, reliable  than normal power systems [1]. In ac and 
dc  microgrid, distribution and  transmission infrastructure will best able to handle allowing for distributed generation 
such as wind turbines, photovoltaic (PV) farms and other electric power resources. Inspite of this, one important 
problem of these integrations is the large increase in a fault current because of the presence of distributed generation 
within ac and dc microgrid [2]. 

 
Several routes from power plant to conventional grid, AC and DC microgrid, the large fault current in  microgrid 

would affect the adjacent micro grid and it will be able to source a domino effect which leads a blackout finally. 
Therefore, smart grid could be protected by using smart power devices  from increasing fault current and  are essential 
for the reliability and the safe operation of power systems. In order to  protect the smart grid  having AC and DC 
microgrid from high fault currents, SFCL could be applied which has fast response time to reduce fault current by  
using quench properties of a superconductor compared to conventional protection devices. 

 
The performance and location of AC SFCL in AC microgrid [4] and DC SFCL in DC micro-grid [5] have been 

examined. From the previous studies, this paper presents validity analysis results of location of  SFCL and its effects on 
decreasing fault current in smart grid having AC and DC microgrid together. The entire power system was 
implemented with a low voltage dc grid connected with a photovoltaic farm and a microgrid having wind farm . 
Validity analyses were performed for the severe faults with the various SFCL locations. The dynamic location of SFCL 
in  power grid, which could limit fault currents and a positive effect on the DG sources, is found to be the connection 
point of integration of the each DG sources in the  microgrid. 
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II. SIMULATION ARRANGEMENT 
 

Simulink/SimPowerSystem/MATLAB were beneficial electric power system analysis tools which has powerful 
graphical user interface and easy formation of coding using  several blocks [6]. Using these simulation tools, the smart 
grid having three branches were designed and this power system configuration basically referenced to Korean electric 
power transmission and distribution networks. The fault current was determined at the output of wind farm, 
photovoltaic farm and substation respectively. Two cases of faults in AC and LVDC microgrid at 0.48 sec was 
generated respectively and the results were compared  between 0.45sec. and 0.56sec. 

 

 
 

Fig. 1. Power system model designed in Simulink/SimPowerSystem. Fault and SFCL arrangements are indicated in the 
diagram. 

 
A. Conventional Power Grid 
 A 100 MVA conventional power plant having three phase synchronous machine provides the electric power in the 
conventional power grid. The power from conventional power plant to the distribution grid is transmitted along 154 kV 
transmission line having   a distance of 200km. Step down transformer was installed before the branch networks which 
reduce the voltage from 154 kV to 22.9 kV. The distribution network is separated into three branch networks: 
conventional power grid, AC and DC microgrid. 
 
B. Microgrids 

The microgrid has two grids AC microgrid and DC microgrid Each microgrid is integrated with distributed 
generation sources. AC microgrid has the wind farm which is having five fixed speed induction type wind turbine. 
Each wind turbine has a 2 MVA rating. The typical distribution voltage in Korea is 22.9kv so the  working voltage of 
AC microgrid is 22.9 kV . 
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In  DC microgrid, photovoltaic farm which consists of 500 solar panels are connected to the grid. the photovoltaic 
module has a 3 kW rating. The DC microgrid has a working voltage of 1.5 kV and this voltage was selected  the 
operating voltage of LVDC. The prominent difference between AC and DC microgrid is the presence of voltage source 
convertor (VSC), pole mounted transformer (PMT) and domestic power convertor (DPC). 

As indicated in Fig. 1, location 1 shows a single AC SFCL at the outgoing feeder of the substation transformer TR2. 
location 2 indicates two AC SFCLs at AC and DC microgrid. location  3 indicates both AC SFCL and DC SFCL at AC 
and DC microgrid respectively. Location  4 shows AC SFCL and DC SFCL at the outgoing feeder of the integration 
points of distributed generations. Location 5 indicates association of location  4 and a single AC SFCL at conventional 
power grid. 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

Fig. 2. AC and dc SFCL models developed in Simulink and SimPower-System. 
 
                                                        TABLE I   AC AND DC SFCL Parameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
C. AC and DC SFCL Models 

The three phase resistive type AC SFCL[7] model was designed considering six fundamental parameters  and DC 
SFCL was modeled by eliminating RMS block and harmonic filters as indicated in Fig. b. The operation of both AC 
and DC SFCL is same. First, the flowing current  RMS value was measured in SFCL characteristic table and then this 
RMS value was compared to the predetermined value of SFCL. Second, if the triggering current is lower  than the 
passing current level, SFCL resistance increases to maximum impedance level in a predetermined response time. 
Finally, when the current level reaches below the triggering current level, the limiting mode stops working, and the 
system will go  into normal state after recovery time. The total  parameters are indicated in Table I. 
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III.RESULTS AND DISCUSSION  
 
A .Fault Current at the Output of Wind Farm When a Fault Occurred in AC Microgrid  

 
 
Fig. 3. Comparison of the wind farm fault currents for different SFCL    locations in case of fault in ac microgrid. 
 
Fig. 3 indicates the comparison of fault currents for different locations measured at the output of wind farm. When 

SFCLs was installed in location 1, 2 and 3, the magnitude of fault currents was high than that of No SFCL condition. 
This observance implies that SFCLs in location 1, 2 and 3 has no effect to reduce the fault current supplied from a wind 
farm. SFCLs installed in location 4 and 5 have shown the best fault current limiting performance because they were 
located in the direct path of the fault current  present  in AC microgrid. 

 
B. Fault Current at the Output of Photovoltaic Farm When a Fault Occurred in AC Microgrid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Comparison of the photovoltaic farm fault currents for different SFCL locations in case of fault in ac microgrid. 
 

Fig. 4 indicates the comparison of fault currents for different locations measured at the output of photovoltaic farm. 
When SFCL was installed in location 1, it has no effect to reduce the fault current in the distribution grid. Moreover, 
Photovoltaic farm contributed to enhance the fault current to adjacent AC microgrid. In case of SFCLs placed in 
location 2, 3, 4 and 5, it was possible to prevent the contribution of fault current from PV farm to adjacent AC 
microgrid. The best performance was obtained for SFCLs placed in all locations except  location  1. 
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C. Fault Current at the Output of Substation Transformer When a Fault Occurred  in AC Micro grid 
 

 
Fig. 5. Comparison of the substation transformer fault currents for different SFCL locations in case of fault in ac 

microgrid. 
Fig. 5 indicates the comparison of fault currents for different locations measured at the output of substation 

transformer. In this situation, the fault currents of all arrangements were lowered than No SFCL condition, because 
SFCL was located on the direct path from conventional power plant to the fault point in AC micro grid in all cases 
expect No SFCL case. By taking  the magnitude of the fault current, Location 1, 4 and 5 has indicated the proper 
current limiting characteristics. But Location 1 could not decrease the increasing fault current caused by wind and 
photovoltaic farm because of  the limits of current supply from conventional power plant. Therefore, SFCLs placed in 
location 1 could cause not positive effects on the another distributed generation sources. 

 
D. Fault Current at the Output of Wind Farm When a Fault Occurred in DC Micro grid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Comparison of the wind farm fault currents for different SFCL locations in case of fault in dc microgrid. 
 

Fig.6 indicates the comparison of fault currents for different locations measured at the output of wind farm. 
When a fault occurred, there is no lot of difference with No SFCL condition. This indicates that the fault in DC grid 
was not transferred to the adjacent AC grid because of  the conversion process of the converter station [8]. So that the 
fault occured  in DC microgrid as no influence on the wind farm in AC microgrid. 
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E. Fault Current at the Output of Photovoltaic Farm When a Fault Occurred in DC Microgrid 
 

 
 
Fig. 7. Comparison of the photovoltaic farm fault currents for different SFCL Locations in case of fault in dc microgrid. 
 

The output of the photovoltaic farm at different locations,  fault current was compared in Fig.7 . When SFCLs were 
installed in locations 1, 2 and 3, there is no lot of difference with No SFCL case. On the other side, SFCLs placed in 
Location 4 and 5 could limit the fault current instantly with positive effect because SFCLs are located in direct path of 
the fault point. So in location 4 and 5 SFCL shows the the best performance . 

 
F. Fault Current at the Output of Substation Transformer When a Fault Occurred in DC Microgrid 
 

 
 

Fig. 8. Comparison of the substation transformer fault currents for different SFCL locations in case of fault in dc 
microgrid 

 
           The comparison of fault currents at different locations  measured at the output of substation transformer 

shown in Fig.8.As stated earlier, fault occurred in DC microgrid has no serious effect on AC grid. So that there is no lot 
of  difference between No SFCL and all other locations. 

 
The  effective position of SFCL for fault current reduction in case of a smart grid consisting of conventional power 

grid with AC microgrid and DC microgrid shown in Table.2. When SFCLs were placed in location 4 and 5, the  fault 
current could be limited effectively. Due to these results, Location 4 and 5 could be the dynamic location of SFCLs to 
protect smart grid from increasing fault current. This indicates that the SFCL could be located on the direct path of 
current flowing from distributed generation resources both for AC  and DC micro grids. Actually, Location 4 and 5 
have no big difference in fault current limiting capabilities, but taking economic aspects, Location  4, which has less 
number of SFCLs, would be better solution for a smart grid 

 
 
 
 



 
      ISSN (Print)   : 2320 – 3765 
      ISSN (Online): 2278 – 8875 

 
International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 
(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 2, February 2015 
 

Copyright to IJAREEIE                                                           10.15662/ijareeie.2015.0402042                                                        907  

TABLE II 
THE EFFECTIVE POSITION OF INDUCTIVE SHIELDED SFCL FOR FAULT AC AND DC MICROGRID 

 
 
 
 
 
 
 
 
 

IV. CONCLUSION 
 

This paper presented validity analysis results of location of the SFCL and its effects on reducing fault current in 
smart grid having AC and DC microgrid together. In order to determine the SFCL in adjacent AC and DC smart grid, 
AC and DC SFCL models were designed to perform for the worst case faults with the different SFCL Locations. 

From the simulation results, the optimal strategic installation placement of SFCLs in power systems, which limits 
all abnormal fault currents and has no negative effect on the distributed generation resources, has been proposed. 
SFCLs installed in Location 4 and 5 have shown the best fault current limiting performance because they are located in 
the direct path of the fault current occurred in AC and DC microgrid. Finally, due to no big difference in fault current 
limiting capabilities between Location  4 and 5, Location 4 has the less number of SFCLs would be better solution for a 
smart grid  by considering economic aspects. 
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