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INTRODUCTION

Amidst the global energy crisis, the renewable share in power generation has rapidly
increased in the recent past. Solar energy is one of the prominent renewable- based generating
methodologies. However, solar technologies are still improving and there are still some
technical constraints in the solar industry that should be addressed. One of the major
drawbacks in the existing solar systems is the difficulty in identifying Solar Direct Current
(DC) ground faults [1]. This Solar DC ground fault is an abnormal condition of current
flowing through the instrumentation grounding conductor when the DC array carries DC
power to the inverter. These DC ground faults frequently occur in solar photovoltaic (PV)
systems due to various reasons such as insulation damage, aging, water leakage and corrosion
[2]. Due to these ground faults, a significant amount of energy is wasted, and fire risks are
also associated with these faulty systems [3, 4]. Currently in the solar industry, no convenient
devices are available to find the exact location of the ground fault in a solar PV array
remotely and instantly.

When a ground fault happens in a PV system, most of the available solar inverters indicate it
as an error and the inverter will turn off as a result. Due to this, a considerable amount of
energy is wasted during peak hours [4]. For the low-capacity inverters (i.e. capacity less than
10 kW), the input array voltage could reach to maximum 600 V and for the high-capacity
solar inverters (i.e. capacity greater than 10 kW), this PV array input voltage reaches to 1000
V. Therefore, these faulty voltages are very high and the energy losses occurring due to
ground faults could be hazardous as it might lead to a fire [5, 6].

As there are no devices to trigger the exact location of the ground fault in a solar PV array
remotely and instantly, the aim of this research is to develop a ground fault identification and
location detection device prototype for solar PV arrays. Initially, the proposed ground fault
detection system was developed under the MATLAB/Simulink platform to check its
functionality. Then the hardware prototype was implemented, and it was successfully able to
identify a ground fault and its location by the implemented prototype.

METHODOLOGY

Initially, the proposed ground fault detection system was developed under the
MATLAB/Simulink platform to check its functionality. Then the hardware prototype was
implemented. This project is solely based on voltage measurements and there is no
involvement with the leakage current or insulation resistance. The main components used are
the Arduino Mega2560 board, a voltage divider circuit and the SIM800L GSM module. The
entire programming part was done based on the Arduino IDE software. Generally, when a
ground fault occurs, there must be a voltage between the positive or negative conductor with
respect to the ground conductor [7]. Normally, these fault voltages vary between 0 to 1000 V
depending on the panel arrangement and the fault location. Here, the faulty voltages are taken
as an input to the system and an algorithm was developed to identify ground fault location
based on the faulty voltage. Finally, a text message alert with fault location data will be sent
to a prescribed mobile number when a fault is detected by the system. The entire design of the
process is illustrated in the following system design block diagram and the flow chart.
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Figure 01: System Flow Chart

According to the developed algorithm which is depicted in figure 01, the system checks the
fault voltages (Positive to Earth & Negative to Earth) once every three seconds. When a
ground fault is detected, either Positive to Earth (Vpe) or Negative to Earth (Vne) will be
greater than zero. The system then divides those voltage values by an open circuit voltage
value (Voc) of a single module. Then at least one of those values (Vee/Voc or Vne/Voc) will
be greater than or equal to one. From that the system will be able to identify the fault
condition. Also, by using both output values, it is possible to identify fault location in the PV
array with respect to both ends within three- seconds. Finally, that fault alert will be sent to
the system owner within a three second period. If the system owner is unable to rectify the
fault within a two-hour period, the system’s self-test runs again and a reminder will be sent.
This process is repeated every two-hour period. If the system owner rectifies the system
within the two-hour period, the system will go back to normal operation. And this mechanism
also involves carrying out a self-test if the user prefers.

RESULTS AND DISCUSSIONS

Initially, the proposed ground fault detection system was developed under the
MATLAB/Simulink platform to check its functionality. A thirteen module solar array was
used for the simulation and the ground fault was created in random locations of the array and
results were observed and analysed several times. Then the hardware prototype was
implemented. The prototype design is shown in figure 03 below.
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Figure 03: Prototype Design
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The Prototype was designed to work under two operating states; normal operating state and
fault detected state.

1. Normal operating state: During this period no ground faults are available and the system
is working under check mode or steady-state. The blue LED is flashing and displays “PV
is in good condition” on the LCD display as per figure 04.

2. Fault detected state: During this period, ground fault is available in the system and the
system is working under fault detected mode. During this period, the red LED flashes and
displays “Fault Detected & Fault Location” on the LCD display. Figure 05 shows the
fault detected mode when a fault occurs at the beginning of the positive end of the five
number solar PV array. Also, an SMS alert is sent to the system owner mentioning the
fault location with respect to both positive (+0) and negative (-5) ends within 3 seconds.

&

Figure 04: Normal Operating State Figure 05: Fault Detected State
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CONCLUSIONS/RECOMMENDATIONS

DC ground fault is a common faulty condition that happens in solar PV systems. When a
ground fault occurs, it is difficult to find the exact location and involves a significant number
of human hours. In the case of large PV systems there are a higher number of PV arrays
connected to a single inverter and the array has more than 20 solar modules. Therefore, it is
difficult to detect the ground fault location in such systems and, due to a ground fault in a
single array, the entire inverter goes to off state and a considerable amount of energy will be
wasted.

The developed prototype design was limited to identifying ground faults in a single array
unit. In the case of high-power solar systems, it comprises multiple array systems. In the
future it is possible to extend this research to develop a fault detection system for multiple
array solar systems. Other than that, the voltage measurement sensitivity of the Arduino is 4.9
mV and this could be improved if a DSP card was used instead of the Arduino board.
However, the developed prototype was tested with a single array solar system and it was
possible to detect the exact faulty location for any point in the array instantly while ensuring
the solar system’s safety.
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