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Abstract

against any transients.

High quality electric power supply is the prime goal in the modern power systems around the world. One of the
main ways to achieve this is the protection of the system which needs to be fast, reliable and cost effective. The
objective of this paper is to provide protection of equipments in low voltage (LV) distribution system and thereafter
to avoid their failure due to abnormal operating conditions. The proposed device provides protection for industrial,
commercial and residential equipments by monitoring under voltage, over voltage and over current conditions
using microcontroller, transistor and other discrete components. The microcontroller is the heart of this protective
device which performs the major control of the device. The designed circuit can withstand the loads and the set
voltage range so as to supply the connected load for any voltage variation between 220 and 240 Volts. It can be
used to protect loads such as refrigerator, TV, VCR/DVD player etc. against undesirable over and under voltage
conditions as well as surges caused due to sudden failure of power supply mains. This device can also be used
directly as standalone equipment between the supply mains and the load. The over/under voltage and over
current cut-off with time delay provides over/under-voltage and over current protection and also protection

Keywords: Distribution system, Protective device, Microcontroller, Over -under voltage, Over current

1 Introduction

The purpose of the electrical power distribution system is to
supply good quality, safe and reliable power to the con-
sumers, load centres, industrial plants, etc. Now-a-days high
quality power is basic need of highly automated industries
and home appliances ([1], https://en.wikipedia.org/wiki/
Automation). The quality and security of power system are
disturbed due to faults and failures occurring. Protection
against sudden over voltages in substations is a vital part
of the overall reliability of power systems [2, 3]. The pro-
tection against over voltage is mainly necessary for human
being because the people will lose their life due to over-
voltage shock. The degree of surge protection provided to
a station is governed by the reliability requirement and the
economics to obtain such reliability. Since major stations
generally include strategic and highly valuable power
equipment, surge protection is essential to avoid or
minimize major system disturbances as well as major
equipment failures. Transient over voltages occurring in
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the power systems can cause operational breakdown and
also cause failure in industrial and household equipments
as well.

Voltage irregularities are one of the greatest power
quality issue faced by industry and domestic appliances
is responsible for damaging valuable electrical equip-
ments. Electrical Power System protection is required
for protection of both user and the system equipment
from faults; hence electrical appliances are not allowed
to operate without any protective device installed.
Power System fault is defined as undesirable condition
that occurs in the power system like short circuit,
current leakage, ground short, over current, under and
over voltage, etc.

The ability of protection system is demanded not only
for economic reason but for expert and reliable service.
Technically speaking, an over/under voltage and over
current condition is reached when the voltage exceeds or
lags the nominal voltage and current exceeds the normal
rated current, respectively. Under voltage might result
into burn out, distortion or permanent damage while over
voltage in the form of spikes and surges could cause
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distortion, burn-out, meltdown and fire, electro-pulsing
and permanent damage. Owing to the incessant damages
done by fluctuations in the power supply, there is urgent
need to address the problem through other alternatives,
which give birth to design and construction of an equip-
ment to protect the connected loads against under and/
over voltage and over current conditions. Under/over
voltage and over current protection is essential between
supply terminal and the appliances (connected loads).

Actually sudden fluctuation in the voltage is very high
and causes serious problems in industries and home ap-
pliances and it also causes power loss in the electrical
circuits. These losses cause low power factor in the sup-
ply and due to this much amount of power is going to
be wasted. Further, these fluctuations may significantly
impact the power quality as well as the reliability of
other voltage controlling devices and various costly and
precious equipments may get damaged.

When the RMS voltage or current drops between 0.1
and 0.9 pu at power frequency for duration of 0.5 cycles
to 1 min, then it is said to be sag condition. The swell
condition will occur when RMS voltage or current rises
between 1.1 and 1.8 pu at power frequency for the dur-
ation of 0.5 to 1 min, and above 1.8 pu and below 0.9
pu is called over voltage and under voltage conditions,
respectively [4]. Voltage sags and under voltage condi-
tions are caused by abrupt increase in loads due to
short circuit and faults or it is caused by abrupt in-
crease in source impendence caused by loose connec-
tion. Voltage swell and over voltage conditions are
always caused by an abrupt decrease in load on a circuit
with a poor or damaged voltage regulator, although
they can also be caused by a damaged or loose neutral
connection.

Majority of the papers available in literature on LV
distribution system protection considers only over or
under voltage or over current protection or over and
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under voltage protection. But the method proposed in
this paper considers all in together. The aim of this
work is to develop a protective system that monitors
the abnormal conditions that taking place in LV distri-
bution systems and provide breakpoint based on low/
high voltage and over current tripping mechanism; that
avoids any damage to the load, various industrial and
domestic appliances consisting of fluctuation in the AC
mains. The proposed protection device is capable to
protect domestic equipments like: refrigerator, induc-
tion motor (IM) and other electrical appliances from
abnormal conditions.

2 Methods

The methodology proposed in this work consists of de-
velopment of block diagram of the protective device,
background to the most commonly arising problems in
the power system network and a brief discussion about
the micro controller used in this work.

2.1 Functional block diagram of proposed protection
scheme

The aim of the proposed work is to develop a system
that monitors the voltage variation and provides break-
point based on low and high voltage tripping mechanism
that avoids any damage to the load, various industrial
and domestic systems consisting of fluctuation in the
AC mains. In the tripping mechanism shown in Fig. 1, a
quad comparator IC is used with two more comparator
ICs as window comparator. When the system delivers
error, the input voltage falls out of the window range.
This trigger then operates a relay that cut off the lamp
load to avoid any damage. So the high quality power
can be obtained with the help of this device and it will
also improve the power factor and thus power can be
fully utilized. The proposed protection circuit protects
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Fig. 1 Block diagram of a proposed protection scheme
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refrigerator, IM and other electrical appliances from ab-
normal conditions.

2.2 Over voltage

When the voltage in a circuit or part of it is raised above
its upper design limit, this is known as over voltage [5].
The conditions may be hazardous. Depending on its du-
ration, the over voltage event can be transient (a voltage
spike as shown in Fig. 2) or permanent, leading to a power
surge. Over voltages are less common than under voltage
but they also arise due to system faults. Overvoltage can
occur due to single line to ground fault, which in turn will
raise the voltage of the other phases. It can also happen
due to disconnection of heavy industrial loads or switch-
ing on the capacitor banks or energization of capacitor
bank. This is generally due to ungrounded or floating
ground delta systems, where a change in ground reference
would give voltage rise to the ungrounded system. It can
also be generated by sudden load deduction. Due to the
disconnection of load there is a sudden reduction of
current, which will gives rise to over voltage, where L is
the inductance of the line. The effects of over voltage are
more severe and destructive. It may cause the electrical
equipment to fail, due to overheating caused by high vol-
tage. Also electronic and other sensitive equipment are
prone to malfunction.

2.3 Under voltage

Under voltage is defined as a sudden drop in the root
mean square (r.m.s.) voltage and is usually characterized
by the remaining (retained) voltage [5]. Under voltage is
thus, short duration reduction in r.m.s. voltage, caused
mainly by short circuit, starting of large motors and
equipment failure. Under voltages are the most common
power disturbance whose effect is quite severe especially
in industrial and large commercial customers such as the
damage of the sensitivity equipments and loss of daily
productions and finances. The examples of the sensitive
equipments are Programmable Logic Controller (PLC),
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Fig. 2 Voltage Spike
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Adjustable Speed Drive (ASD) and Chiller control. Under
voltage at the equipment terminal can be due to a short
circuit fault hundreds of kilometers away in the transmis-
sion system.

2.4 Over current

In an electric power system, over current or excess current
is a situation where the value larger than intended electric
current exists through a conductor, leading to excessive
generation of heat which leads to the risk of fire or dam-
age to equipment [5-7]. Possible causes for over current
include short circuit, excessive load, incorrect design, or a
ground fault. Fuses, circuit breakers, temperature sensors
and current limiters are commonly used protection mech-
anisms to control the risks of over current. Over current
protection also includes the protection against over loads
and this is most widely used protection. Over loading of a
machine (or equipment) means the machine is taking
more current than its rated current. Hence, with overloa-
ding there is an associated temperature rise. The permis-
sible temperature rise has a limit based on insulation class
and material. Over current protection against overload is
generally provided by thermal relays. Over current protec-
tion also includes protection against short-circuit. Short
circuits may leads to phase faults, earth faults or winding
faults. Short circuit currents are generally several times
more than full load current. Hence fast fault clearance is
always desirable at the time of short-circuits.

2.5 Microcontroller
The microcontroller [8—10] is a small, low cost, on-chip
computer. It essentially includes:

e An 8 or 16 bit microprocessor as central processing

unit (CPU).

A small amount of RAM.

Programmable ROM and/or flash memory.

Parallel and/or serial 1/O.

Timers and signal generators.

Analog to Digital (A/D) and/or Digital to Analog

(D/A) conversion.

e Often used to run dedicated code that controls one
or more tasks in the operation of a device or a
system.

e Also known as embedded controller because the
microcontroller and supporting circuits are often
built into, or embedded in, the devices they control.

e Devices that utilize microcontrollers include car
engines, consumer electronics (VCRs, microwaves,
cameras, pagers, cell phones), computer peripherals
(keyboards, printers, and modem:s), test/
measurement equipment (signal generators,
multimeters, and oscilloscopes).
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e Microcontrollers usually must have low-power
requirements (~ 0.05—1 W compared to ~ 10-50 W
of general purpose desktop CPUs) since many
devices they control are battery operated.

The microcontroller performs the major functions of
decision and control. The input supply voltage is fed to
the microcontroller via current measuring unit and vol-
tage measuring unit. The microcontroller was used in
this circuit in order to reduce the complexity of the de-
sign and to ensure an easy interface with a liquid crystal
display (LCD).

3 Development of the proposed methodology
This section deals with description of flow chart, working
of the proposed protective device and result discussion.

3.1 Description of flow chart

The execution flow begins with start (Fig. 3). From start,
the signal flows to the peripheral initialization. In the
peripheral initialization the ports of following devices
are initialized:

e RELAY.
e LCD

In LCD there are four modes of operation. They are:

Mode 1: The mode 1 operation is the default operation.
Mode 2: This mode is used for selections of over voltage.
In this mode the desired value of over voltage is selected.
Mode 3: This mode is used for selections of low voltage.
In this mode the desired value of low voltage is selected.
Mode 4: This mode is used for selections of over
current. In this mode the desired value of over current
is selected.
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3.2 Main voltage monitoring

The signal from the peripheral initialization is fed to this
module. The required operating voltage for monitoring is
120 V. If the voltage is less than 120 V the power will
flows to the power off module and then to supply monitor
and after monitoring, the signal flows to the start. If the
voltage is above 120 V, the supply will be fed to the
current and voltage calculation module followed by the
main voltage monitoring. In the current and voltage calcu-
lation module the under voltage, over voltage and over
current parameters are adjusted according to the applica-
tions required and the signal is fed to voltage and current
set parameter module. In this module the reference
voltage is adjusted according to the requirement. When
the voltage and current exceeds or lesser than the refe
rence value, it gives signal to the relay driver circuit in
which the relay in normally closed condition becomes
normally open condition. Otherwise, if the voltage or
current value is equal to reference value the relay will be
in normally closed condition. For every 10 s the signals
from relay driver circuit is fed to the current or voltage
calculation module for continuous operation.

3.3 Working

The proposed protection scheme which provides protec-
tion to the circuit against the common problem of power
system analysis like: under voltage, over voltage and over
current is as shown in Fig. 1. Single phase supply is
considered and protection is provided against the abnor-
malities those taking place in single phase system.

Normal working voltage for the single phase AC system
is 220 V and+or - 10% tolerance is considered. This
supply is converted into DC with the help of AC- DC
converter followed by the RLC filter. The filter circuit
removes the ripples which present in the DC. The output
of the filter is DC and this is given as input to the regula-
tor, where the voltage can be varied up to 440 V. The
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regulator provides constant supply required for the
microcontroller and relay system even though there is
any changes that has happens in the input side of regu-
lator. The normal supply obtained at the output side of
regulator is 12 V. When over current fault occurs the
current transformer connected to the supply side
converts that high value of current into low value and
supply it to the microcontroller through analog to
digital converter (ADC). In case when over voltage con-
dition occurs the high values of voltage is reduced to
low value of voltage and send that signal to ADC. The
ADC converts analog signal into digital signal which is
understood by the microcontroller.

The reference value of voltage and current are fed by
software ([11] https://www.nxp.com/docs/en/data-sheet/
8XC51_8XC52.pdf, http://www.datasheetcatalog.org/data-
sheet/maxim/MAX232.pdf,  http://www.enwikipedia.org/
wiki/GSM., www.aimglobal.org/technologies/rfid/what_is_r
fid.asp, http://www.alldatasheet.com, http://www.nkelectro-
nics.com, http://www.microelectronics.com) to the micro-
controller. The reference voltage that was set in the micro
controller is compared with the signal from current and
voltage transformers. If it is greater or lesser than the refer-
ence voltage or current it gives signal to the relay driver cir-
cuit to trip the relay. The LCD is used to display the values
of current and voltage. The keypads are used to set the ref-
erence voltage and current as per standard. So, the prob-
lems occurred due to sag, swell, over / under voltage and
over current conditions can be detected and protected by
the device.

4 Results

In this work implementation of a protective circuit is
done which helps to detect the voltage below 198 V
(which is 0.9 times the rated voltage of 220 V) and it is a
sag and under voltage condition) and above 242 V it is
over voltage and swell condition. During under voltage
condition, the proposed circuit will remain in open con-
dition so there will not be any passage of current. In this
condition lower relay of the circuit will remain open.

Fig. 4 Practical setup for testing the performance of a
protective device
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Fig. 5 Programmable protective device indicating over
voltage condition

When the voltage rises above 242 V (which is 1.1 times
the rated voltage of 220 V and it is a swell and over volt-
age condition). Under this situation the circuit will re-
main open because during that time the upper relay in
the circuit will remain open. Thus we can protect the
costly equipment’s by disconnecting the supply to the
circuit during abnormal conditions.

5 Discussion

Figure 4 shows the practical setup for testing the per-
formance of the proposed protective device. This setup
includes a single phase auto transformer (dimmerstat),
AC ammeter (0-10)A, AC voltmeter (0-300)V, the
developed protective device module and a lamp load. In
case when the voltage raises above 242 V, the over volt-
age relay equipped within the module will trip and the
circuit is disconnected and the over voltage value is
displayed by the LCD device as shown in Fig. 5. When
the voltage falls below 198 V the under voltage relay
equipped within the module will trip disconnecting the
circuit and under voltage value is displayed by the LCD
device as shown in Fig. 6. Further, when the load current
goes beyond the normal rated value the over current
relay equipped within the module will trip and over
current value is displayed by the LCD device as shown
in Fig. 7.

L

Fig. 6 Programmable protective device indicating under
voltage condition
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Fig. 7 Programmable protective device indicating over
current condition

6 Conclusions

The protection circuit proposed in this paper can be
used to protect the costly electrical appliances from ab-
normal conditions like sag, swell, under voltage, over
voltage, over current and able to avoid appliances being
get damaged from harmful effects. The advantages of
this protective device are: highly sensitive, fit and forget
system, low cost and reliable circuit, complete elimin-
ation of manpower, can handle heavy loads up to 7A,
auto switch OFF during abnormal conditions and auto
switch ON at the time of normal conditions. The appli-
cations of this protection device are in industrial ma-
chinery, house hold appliances like: TV, refrigerator, air
conditioner, agriculture motors, and water pumps. This
device can also be used directly as standalone equipment
between the supply mains and the load. The over/under
voltage and over current cut-off with time delay provides
over/under-voltage and over current protection and also
protection against any transients. If tap changing trans-
former is used and is automatically controlled, then the
device can operate the load normally during under volt-
age and over voltage condition. Hence, we can protect
as well as operate the load in abnormal conditions also.
The proposed system can be further improved by inte-
grating it with GSM modem that alerts user by sending
an SMS about the tripping status.
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