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Abstract: The deployment of DC sources like photovoltaic (PV) 

systems and fuel cell (FC) stacks have increased substantially as 

there prevails a paradigm shift in electrical power delivery to the 

loads. The power generated by the array is either transmitted at 

long distances or connected to a micro-grid. Such a system is 

prone to short circuit faults, resulting in power outages and 

circuitry damages. In this paper, a power electronic circuit, buck 

boost converter, facilitates identification of DC line faults and 

locating it appropriately. Numerous techniques have been 

proposed for fault identification in AC grid lines. But in DC 

lines, very few have administered the fault identification in DC 

grid, which is again complex and costly. This work applies a 

simple and effective resistance calculation methodology which is 

executed by a Arduino based control circuitry. The suggested 

scheme works appropriately for faults like Line- Line (L-L) fault 

i.e. short-circuited cables, Line-Earth (L-E) fault i.e. broken 

cable. The MATLAB/Simulink results and the real time hard ware 

results reveal that the suggested technique is highly viable. 

Keywords: Buck boost Converter, Line-Earth fault, Line- Line 

fault, Microgrid, Microprocessor, Photovoltaic 

I. INTRODUCTION 

The concept of microgrid is a progression towards new 

bidirectional networks to meet increasing energy demand. 

Extraction of power from Renewable Energy generators is the 

crucial element in the microgrid concept [1-2]. Photovoltaics 

are an indispensable unit of this concept along with other 

auxiliary power sources. Since the market of electronic 

products has immensely increased in the past years, thus the 

requirement of DC has also increased. Most home appliances 

generally require DC to work, which makes the appropriate 

approach [3-4]. DC networks has enhanced power capacity 

[5-6] than AC networks due to the absence of skin effect. 

Besides of all these advantages the converter operated DC 

microgrid are prone to electrical faults. However, the 

protection standards of DC microgrid are not well-specified 

[7]. The main aim of research in DC microgrids is the quick 

detection of faults and the isolation of the concerned element 

from the grid [8]. One such scheme administered a ring-type 

bus system [9]. Other research articles archived in literature 

render wave based either fault identification or wavelet 

analysis. [10-15] and DC fast switches with AC breakers[16]. 

For loads demanding continuous power, an undisturbed 

supply of power is desired. The clearance of faults should be 

fast enough [17-18] such that the batteries do not discharge 

completely until the power is restored.  
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The DC faults are much severe since there is absence of zero 

crossing unlike AC; power electronic converters [19] are 

severely affected by this leading to economic damage and 

loss of time required for the repair of the concerned device. 

The DC microgrid experiences two types of fault i.e. Line- 

Line and Line-Earth. Fault path between positive and 

negative line accounts to Line-Line fault. Whereas, fault path 

between Line and Earth accounts to Line-Earth fault. 

However, Line-Line faults are most repeatedly experienced 

fault. Whereas, Line-Earth faults are much complicated to 

determine [20]. Therefore, it is essential that the fault be 

dentified and isolated from grid by the system as soon as 

possible [21]. The overview of this paper is the development 

of DC Micro-grid fault localisation scheme, which has the 

ability to protect against some of the major faults and provide 

the location of the fault from station at a very nominal cost. It 

uses multiple sensors, which include a group of specifically 

designed voltage, and current sensor. 

•Voltage Measurement: Via a Step Down Transformer and 

Rectifier Circuit 

•Current Sensing: CT sensor, Shunt Resistor 

II. SYSTEM DESCRIPTION AND CONTROL 

APPROACH 

The Fault Identification Unit (FIU) consists of a BUCK- 

BOOST converter, which is connected across the 

system/circuit as shown in Figure 1. 
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Figure. 1. Fault Identification Unit (FIU) 

A. Control Approach 

The Arduino continuously monitors the microgrid’s potential 

and the voltage across the earth and is then used to detect the 

type of fault, find their location and change the position of 

circuit breakers accordingly. The power unit is switched ON 

when a fault occurs, using the controller. This is generating a 

voltage into the circuit, which drives a current in the circuit. 

The value of the current is different for each fault location, 

because the resistance of the line is also different at each 

location. Based on the variation in the value of current, the 

type and the distance of the fault are obtained. Figure 2. 

Shows the flow diagram of proposed logic. 

B. Precision Enhancement by ADS1115 

The ADS1115 Analog to Digital Converter provides 16- bit 

precision at 860 samples/second over I2C communication 

protocol. It also packages a gain amplifier,which can boost 

differential signals upto 16 times. The interfacing is done 

via I2C. Upto 4 ADS1115's can be connected on a single 

I2C bus for 16 inputs. If the line which is under fault is the 

negative line, the voltage developed across the resistor (V1) 

will be of negative polarity and caution has to be made while 

connecting the signal to the ADC. Under such circumstances 

there are two options. 

 To reverse the polarity accordingly with the aid of relays or 

rectifiers to prevent damage to the ADC while at the same 

time being able to read the signal. 

 By connecting the refernce terminal of the earth resistor to 

V/2 by use of capacitive voltage divider. This method 

ensures that under no fault conditions, the ADC reads 2n- 1 

and ranges from 0 to 2n-1 for negative Line-Earth fault and 

reads 2n-1 to 2n for positive Line-Earth faults. However, the 

resolution reduces by 1-bit. 
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Figure. 3. Flow Diagram for FIU 
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C. Sensing Unit 
 

 
Figure. 2. DC-DC converter with sensing unit 

Buck-boost converter provides the excitation to the microgrid 

after the grid is turned OFF due to the occurrence of a fault. 

The Buck-boost converter pumps smaller current when earth 

fault and comparatively more when LL fault occurs. Figure 

2. Shows the buck-boost converter with sensing unit. Line-

Line fault causes high current flow in the loop for a small 

input voltage pushed by buck-boost converter. 

D. Buck Boost Design Parameters 

For a non-isolated buck-boost converter design equations 

used are- 

Output Voltage for the buck-boost converter is given by: 

 
Value of Inductor is given by the following equation: 

 
Value of Capacitor is given by the following equation: 

 
Calculated design variables are L= 54.47 mH, C= 1.1247  

μF and D= 0.5627. 

E. Current Sensing Circuit 

Current shunt resistors are low resistance high wattage 

resistors used to measure currents by the voltage drop created 

across it (shown in figure. 4.). Also known as an ammeter 

Positive Line-Earth fault causes negligible current flow for 

high input voltage pushed by buck-boost. Positive voltage 

develops across the earth equivalent resistor. 

Negative Line-Earth fault causes negligible current flow for 

high input voltage pushed by buck-boost. Negative voltage 

develops across the earth equivalent resistor. 

 

F. Voltage Sensing Circuit 

A voltage divider circuit takes a higher voltage and converts 

it to a lower one by using a pair based on Ohms Law (shown 

in figure.5.) 

The output equation is given by, 
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Figure. 5. Voltage sensing Circuit 

 

The output equation is given by, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSIONS 

 
Figure. 6. Matlab Simulink model of the proposed work 

A. Line-Line Fault 

Consider a Line-Line fault occurs in the system at a distance 

of y km. The resistance of the transmission line will be y*r; 

where r is the resistance offered by the transmission line over 

a distance of 1km. This can be calculated using the 

resistivity and cross sectional area of the transmission line. 

The resistance of the transmission line is calculated by 

injecting a current of value I and measuring the potential 

developed across the transmission lines. This gives the 

resistance of the transmission line and by dividing it with 

the resistance offered per km by the transmission line, the 

fault location is calculated. The variation of voltage vs fault 

distance is shown in Table. 2. 
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Table. 1. Variation of sensed voltage with fault distance 

 

 
Figure. 7. Line-Line fault 

In Figure. 7. The value 4 indicates that the fault is located at 

a distance of 4km from the station and since a small voltage 

is developed for a large current pushed in, it is Line-Line 

fault. 

 

 

 

Figure. 8. Schematic Diagram of Line-Line Fault 

B. Line-Earth Fault 

Let us consider a case of Line-Earth fault. The resistance 

offered by the transmission line would be very large. 

Injecting even a small current might cause a huge rise in 

potential across the transmission lines. Keeping this in mind 

Line-Line and Line-Earth faults can be differentiated easily. 

A potential difference of V volts is fed across the 

transmission lines. Based on whether the fault is in the 

positive or negative line, a positive or negative voltage (V1) 

is developed across the earth equivalent resistor (Z). This is 

similar to a voltage divider circuit. By calculating the ratio 

of Voltage across the transmission line and the earth 

equivalent resistor, the fault distance can be calculated. The 

variation of voltage vs fault distance is shown in Table. 2. 
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Table. 2. Variation of sensed voltage with fault distance 

 
In Figure. 9. The value -1 indicates that the fault is located 

at a distance of 1km from the station and the fault is a 

Negative Line-Earth fault 

 

 

Figure. 9. Line-Earth (Negative line fault) 

 

 
Figure. 10. Line-Earth (Positive line fault) 

In Figure. 10. The value +3 indicates that the fault is located 

at a distance of 3km from the station and the fault is Positive 

Line-Earth fault. 
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Figure. 11. Schematic Diagram of Line-Earth Fault 

C. Hardware Implementation 

The PWM provided to TLP250 to drive IRF840 by Arduino, 

when a line-line fault occurs at 2 Km in the transmission line 

is as shown in Figure. 12. 

Figure. 13. Indicates the PWM signal provided to the 

IRF840 by TLP250 when there is a line-line fault about the 

3 kilometre range. 

For line-earth fault, as we require a high output current from 

buck-boost converter and small amount of current. So the 

duty cycle of the PWM signal is higher when compared to 

the previous PWM provided. 

 

 

 
Fig.12 PWM signal for two km line-line fault provided the TLP250 

 
Fig.13 PWM signal provided to IRF840 by TLP250 
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Fig.14 PWM signal line-earth fault provided to the TLP250 

Fig. 15 Hardware implementation 

IV. CONCLUSION 

This concept of developing a simple prototype using a 

power electronic dc-dc converter to identify the nature of 

fault and the location of fault is very beneficial. The 

proposed scheme consists of a BUCK-BOOST converter, 

which injects a high and low voltage to detect the fault. The 

said technique is duly simulated in MATLAB environment 

and developed as a prototype. The developed hardware 

gadget works appropriately for faults like Line- Line fault 

i.e. short-circuited cables, Line-Earth fault i.e. broken cable. 
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