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Abstract - Grid synchronization failure can cause complete black out. So, there is always a need for a system that can
sense any abnormalities and take actions accordingly to prevent black outs. A grid is connected with several power
generating units like thermal, nuclear, wind etc. to deliver power to the load. In India, the generating units have to
deliver power according to the Indian Electricity Grid Code, 2010 which states that the variation in voltage should be
within the limit of £5% and that for the frequency should be within +3%. If any value higher/lower is detected, then
that particular feeder should be disconnected from the grid temporarily in order to protect the grid. In this paper, we
will be discussing about a system based on the microcontroller of MCS-51 family and op-amps, that will be used to
monitor the variation in voltage and frequency of the any external supply source, and automatically disconnects the
supply source from the load.
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I. INTRODUCTION
In our daily life, we use electricity or various devices running on electricity around us. Almost all our work depends upon
electricity in one way or another. The modern society is so much dependent on electricity that the life without it would be
difficult to imagine. The electricity that we use, is generated in the generating stations with the help of alternator and is then
transmitted to the consumers via an electrical grid. A grid receives power from several generating stations, all of which are in
synchronism with the network. The generated voltage and frequency must be within the specified limit for the optimal
working of the whole network. If in any case, the generated voltage or frequency falls below or rises above the specified limit
(as per the Indian Electricity Grid Code, 2010) then there is a need to disconnect that particular feeder from the grid, which is
termed as Islanding [1]. Islanding itself poses a threat to the utility workers, who may assume that there is no power once the
utility power is shut down [2], but the grid may be still powered due to the distribution generators. Therefore, a system is
required that can sense such variations and warn the grid in advance thus, providing safety to the workers and maintaining the
optimal working of the grid.
Here, in this paper we will be discussing about a system based on the Microcontrollers of 8051 family or Arduino based
application. The microcontroller will be monitoring the under/over voltage which is being derived from the set point of the
comparators [3]. As the supply frequency cannot be changed, we will be using IC 555-timer to produce variable frequency and
for varying the voltage standard, variac is being used [4]. A lamp will be used as load to indicate the possible black or brown
out due to the variation in supply voltage or frequency. The LCD screen will be displaying the real time voltage and frequency
variations and the message for the normal, over and under voltage or frequency, will also be displayed accordingly.
Figure 1 is the block diagram of the system for detecting the variation in voltage and frequency.
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Fig.1: Block Diagram of the system
II. COMPONENTS USED
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III.  CIRCUIT WORKING

The input supply voltage to the system is 220V AC but, the voltage requirement of the most of the electronic components is
much smaller than the supply voltage here [5],[6]. So, a step-down transformer here is used to step-down the voltage to 12V
DC, via a rectifier. The microcontrollers of 8051 family requires 5V input for their operation and thus, a voltage regulator
regulates the 12V into 5 V DC [7]. The microcontroller is interfaced with the LCD display, relay driver and voltage, frequency
detectors. The voltage of the system is varied by using voltage potentiometer and variable frequency is produced using IC 555-
timer [8],[9]. The voltage and frequency detector senses for any abnormalities in the supply through a reference value and
returns the sensed data to the microcontroller [8] which analyses the data to generate output signals for other devices and
perform tripping action through relay driver, according to the higher/lower value sensed. The lamp is used to indicate the
synchronization failure of the supply. Whenever there is a synchronization failure of the source (i.e. abnormal voltage or
frequency), the relay circuit is triggered and the lamp stops glowing which gives indication of the synchronization failure.

IV.  VOLTAGE SENSING

For voltage sensing part, an op-amplifier IC (LM339 or window comparator) is used and voltage regulator is used to vary the
input voltage [10],[11]. The controller is connected to the zero- crossing circuit for frequency reference to ensure that the input
supply frequency is normal (i.e. 50 Hz) [12].
At normal input supply voltage, the output pins of one of the both op-amp IC are at low and other at high level due to which
no interrupt signal is generated for the microcontroller and thus, relay circuit is closed and lamp will glow. Now, on increasing
the input voltage above the normal value by using the voltage regulator, the normal high pin of op-amp will go low and
interrupt signal will be given to the microcontroller which then switch off the relay driver and the lamp stops glowing.
Similarly, the voltage regulator is varied so that the input voltage is lower than the normal value, the normal low pin of the op-
amp IC goes high and the microcontroller on receiving this interruption signal, switches off the relay driver and the lamp stops
glowing [12]. In both, under and over voltage condition, the lamp stops glowing which is the indication for the
synchronization failure of the input supply due to the abnormalities in the supply voltage.
Figure 2 is the block diagram of the basic window comparator circuit.
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Fig.2: Basic Window comparator

V.  FREQUENCY SENSING
For varying the input frequency, IC 555-timer is used [13]. The voltage of the system is kept at normal value via a regulator.
The output of the IC 555-timer is connected to the pin of the microcontroller through a PNP transistor. The IC 555-timer
works in astable mode to produce signals at frequencies that can be adjusted using the variable frequency [14],[15]. This
output is connected to the internal timer of the microcontroller which then calculates the frequency of the frequency
accordingly [15]. For frequency value lower/higher than the normal, the relay circuit is triggered, the relay driver is switched
off and lamp stops glowing, giving an indication for the synchronization failure due to abnormalities in supply frequency.

VI. ADVANTAGES
Now, let’s discuss about the advantages of having such a system that we have proposed in this paper. Following are the some
of the advantages -:

» Having such a system can protect the grid from complete failure and prevent black-out or brown-out. In case of
detection of asynchronization, the system warns the grid in advance and disconnects the feeder from the grid [16].
Such a system is advantageous in power houses where different supply sources are connected together in parallel to
fulfil the demand for the load.

The system could be used in home automation, where consumer have more than one energy source.
The consumer load can be automatically shifted to different sources available.

As compared to manual system, the proposed system is more compact and reliable [17],[18].

As compared to other system, this system is less expensive.
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VII. DISADVANTAGES
Following are the few disadvantages of the system that we have proposed -:
» The system that we have discussed is based on the embedded system (Microcontroller of 8051 family) which itself is
sensitive thus, any failure of microcontroller will ultimately cause the failure to the whole system [16].
» Sensors along with the controllers are used to detect abnormalities and thus, if they stop working then there is need to
replace them [18].

VIII. CONCLUSION

Electrical grid is an important part of the generation, transmission and distribution network but one of the major challenges
faced by the grid is the failure due to asynchronization caused by abnormal values of voltage and frequency of the supply. As
per the Grid Code the variation of voltage and frequency should be in the acceptable range. If any deviation from this range
occurs then it is compulsory to disconnect the grid to prevent large scale black-outs. The system that we have discussed in this
paper is simple and cheap and is used to sense any abnormalities, intelligently takes action accordingly with the help of
microcontroller.
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