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Abstract 

 

In this paper, we investigate an event based protection scheme for dc power 

system which includes hybrid energy sources. The proposed protection 

scheme requires less time when compared with other methods. In this method, 

fault can be isolated and efficiency can be improved. The performance of 

protection scheme was evaluated under the transmission lines. 

 

Index terms- Voltage boost up, Fault identification, multilevel inverter, 

battery, Fuel cell. 

 

 

I. INTRODUCTION 

A hybrid DC power system is more reliable with high efficiency through by using 

hybrid energy source. However it protect the system from phase to ground fault in 

multiterminal hybrid DC power system.  

This paper provides simple and efficient technics for a multiterminal DC power 

system. In various applications such as telecommunication system and distribution 

system involving large number of electronic loads which provide effective solution 

for power distribution [1]. The DC microgrids, coordinate operation of power 

converters and mechanical contactor can rapidly isolate the short circuit faults. 

However, there is a concern to protect the system from short circuit faults [2]. Event 

based protection scheme recently developed for AC power system [3]. The transient 

short circuit current contain high frequency oscillation which may cause alising error 

and saturate the analog to digital converters [4]. The load voltage can be maintained 

by the ultracapacitor hybrid energy storage system [5]. The power system protection 
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includes large number of buses and feeders [7]-[9]. The protection unit is able to 

identify the type of event using current derivative fault identification method. Event 

based protection scheme has as a single alternate power supply. The performance of 

the event based protection scheme was evaluated under different DC feeder and bus 

fault. Since it is difficult to identify an interconnected feeder fault from a bus fault or 

an adjacent feeder fault [11]. Figure 1 shows the fault protection scheme in a 

multiterminal hybrid power system. The fault protection scheme can improve the 

efficiency using multiterminal hybrid DC power system. Here each phase can be able 

to identify the fault simultaneously.   

 

 

II. HYBRID ENERGY SOURCE 

 

 
 

Figure 1: Proposed protection scheme for a multiterminal hybrid power system 

 

The proposed scheme consist of hybrid energy source such as fuel cell and battery. 

When the fault has been occur, the voltage may drop. The fuel cell and battery can be 

increase the voltage level. The hybrid DC source can be connected to multilevel 

inventor and then given to the power supply.  

 

A. Energy storage system 

Battery and fuel cell was used as an alternate power supply. A fuel cell was 

implemented as an energy storage system. The fuel cell composed of operating 

temperature 65  ֯  C, pressure 1.5 and Hydrogen composition 99.95 %, the voltage and 

current value can be given in the fig 2. The flow rate, utilization of hydrogen and 

oxygen stack consumption and stack efficiency is shown in fig 3. The fuel cell 

converts chemical energy into electrical energy. 
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Figure 2: Voltage and current waveform for fuel consumption 

 

 

 
 

Figure 3:  Flow rate of Hydrogen consumption 

 

For the three phase system the hybrid energy source can be given as separately to 

improve the efficiency. 

 

 

B. Multiterminal Inverter 

The multiterminal inverter is to boost up the voltage when there is a sudden change in 

the voltage. The fault protection scheme consists of  three multiterminal inverter. 

Each inverter has eight MOSFETs. 
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III. FAULT ISOLATION 

When there is a phase to ground fault in a transmission line, the voltage sag and swell 

may occur during the time period t = 0.2s.  

 

 
 

Figure 4: Voltage and current waveform with fault 

 

Figure 4 shows the voltage and current waveform when the fault has been occur 

during the time of fault voltage sag and swell may occur.  

Figure 5 shows the active and reactive power waveform when the fault has been occur 

during the time of fault voltage sag and swell may occur. 

 

 
 

Figure 5: Active power and reactive power waveform 

 

 

IV. FAULT PROTECTION SCHEME 

When the fault occur, the voltage sag and swell is increased. Here, the hybrid power 

system fuel cell and battery supplies power when there is a voltage drop, this will 

increase the voltage level. 
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The voltage and current waveform during after the fault period is shown in Figure 6. 

 

 
 

Figure 6: Voltage and Current Waveform after Fault period 

 

Figure 7 shows the active and reactive power after the occurance of fault. 

 

 
 

Figure 7: Aactive and reactive power waveform at the time of fault condition 

 

V. CONCLUSION 

An event based protection scheme for a multiterminal hybrid DC power system was 

investigated. The model for a multiterminal hybrid DC power system was 

implemented in the MAT LAB/Simulink. 

In the proposed protection strategy, each phase has an alternate supply when the fault 

has been has been occurred. Then the voltage can be increased by using the alternate 

supply. In the proposed protection scheme efficiency has been increased. 

 



50 Sugi R. and Sundararajan D. 

REFERENCES 

 

[1] M. Farhadi and O. Mohammed, “Real-time operation and harmonic analysis 

of isolated and non-isolated hybrid DC microgrid”, IEEE Trans. Ind.Appl., 
vol. 50, no. 4,pp. 2900-290, Jul./Aug. 2014. 

[2] P. Cairoli, I. Kondratiev, and R. A. Dougal, “Coordinated control of the bus tie 

switches and power supply converters for fault protection in DC microgrid”, 

IEEE Trans. Power Electron., vol. 28, no. 4, pp.2037-2047, Apr. 2013. 

[3] Y. Pradeep, S. Khaparde, and R. Jhoshi, “High level event ontology for multi 

area power system,” IEEE Trans. Smart Grid, vol. 3, no. 1, pp. 193-202, Mar. 

2012. 

[4] S.R. Velaquez, T.Q. Nguyen, and S.R. Broadstone, “Design of hybrid filter 

banks for analog/digital conversion, “IEEE Trans. Signal process., vol. 46, no. 

4, pp. 956-967, Apr. 1998. 

[5] J. Cao and A. Emadi, “A new battery/ultracapacitor hybrid energy storage 

system for electric, hybrid, and plug in hybrid electric vehicles”, IEEE Trans. 
Power Electron.,vol. 27,no. 1, pp. 122-132, Jan. 2012. 

[6] A. Mohaned, C. Cossio, T. Ma, M. Farhadi, and O. Mohammed, “Operation 

and protection of photovoltaic systems in hybrid AC/DC smart grid,” in proc. 

IEEE 38th Annu. Conf. IEEE Ind. Electron. Soc. (IECON) Montreal, QC, 

Canada, 2012, pp. 1104-1109. 

[7] D.Salomonsson, L. Soder, and A. Sannino, “Protection of low-voltage DC 

microgrids”, IEEE Trans. Power del., vol. 24 no. 3, pp. 1045-1053, Jul. 2009. 

[8] L. Tang and B. T. Ooi, “Locating and isolating DC faults in multiterminal DC 

system”, IEEE Trans. Power Del., vol. 22, no. 3, pp. 1877-1884, Jul. 2007. 

[9] F. Lotfifard, H. Seifi, and M. K. Sheikh-El-Eslami, “An economic-based 

special protection system in a restructured environment”, Elect. Power 

compon. Syst. J., vol. 41 no. 15, pp. 1536-1554, 2013. 

[10] M. Farhadi and O. Mohammed, “Adaptive energy management in redundant 

hybrid DC microgrid for pulse load mitigation”, IEEE Trans. Smart Grid, vol. 

6, no. 1, pp.54-62, Jan. 2015. 

[11] Mustafa Farhadi and Osama A. Mohammed, “Event based protection scheme 

for a multiterminal hybrid DC power system”, IEEE Trans. Smart grid., vol. 6, 
no 4, July 2015. 


