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Abstract - This research project seeks to design and
construct a programmable microcontroller-based automatic
changeover system to ensure an efficient and continuous
uninterrupted power supply to industrial plants and
residential areas. The circuit incorporates two transformers
connected independently to specific loads. Current sensors are
connected to the transformers to check for current availability
and the input fed to Arduino ATmegaZ2560 microcontroller. A
feedback loop is also created by connecting the loads to the
microcontroller to monitor load variations. Using the
transformer and load inputs, the microcontroller instructs the
relays to switch between the loads according to the specified
transformer capacities and availabilities. Load shedding and
load sharing are also executed by the microcontroller and the
status of the transformers and loads displayed on an LCD
display. Two sets of data were obtained; one showed the effects
of load variations on transformer performance before and
after the changeover, and the other showed the results for
when the designed microcontroller based changeover system
was implemented. The results showed that whenever a load
was applied on the secondary side of the transformer, the
secondary current increased together with the primary
current. It was also found that for two operational
transformers, the changeover process does not require any
time-lapse. Using a program algorithm, load shedding and
load sharing are achieved through the microcontroller.
Measured current, time and resistance variables were plotted
and analyzed graphically using Minitab. Proteus ver. 8.6
software was also used to simulate the circuit, and the results
presented graphically.
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1. INTRODUCTION

This In Kenya, power consumption has relatively
increased over the years. A lot of areas have gained access to
electricity which has led to vast growth and development.
With the increased demand for electricity, industrialization
has been promoted. This has led to the development of
schemes that boost the economy of the country and has, in
turn, increased the demand for continuous and uninterrupted
power supply. This includes the development of high

technology and the implementation of complex types of
equipment that are fully dependent on electrical power. To
meet these demands, different schemes which essentially
need two or more sources of supply to the bus bar system are
required. Both the equipment and methods used to effectthe
changeover of the supply are exposed to challenges that
include inefficiency and cost [3].

The supply of uninterrupted electricity calls for the
introduction of alternative power sources and the automation
of power generation techniques [1]. Automation of electrical
power which mainly involves the use of advanced technology
mostly implies the incorporation of automatic circuit systems
that will help in eliminating time wastage, overloading of the
electrical equipment and components used through
monitoring. However, with the introduction of alternative
power sources, constraints of switching both smoothly and
timely between the alternative sources and the mains supply
are brought forth, in case of a power interruption [4].

The provision of alternative power source in the power
stations has no doubt brought relief in the availability of
power but not without a supervisory challenge associated
with manual operation of the changeover [9]. Therefore, for
quick changeover, automation processes should be
emphasized especially in industries that require
uninterrupted power supply such as hospitals and security
agencies [10]. An automatic transfer switch is very necessary
for the operation of these electrical systems as it allows the
transfer of loads between power sources without physical
intervention [2].

With an automatic changeover system, the changeover
occurs almost instantly because the electrically connected
relays and interlocks monitor all the conditions of the
changeover. This package is economical in terms of space,
reduced time for system design and troubleshooting and
lesser number of failures, ensuring efficient continuous
power supply to industries and even households. The use of
microcontrollers to operate and communicate between
different circuits of the substation, in this case, has become
essential for quick fault detection and changing over [5]. It
can also fulfil data acquisition, equipment control,
measurement and parameters adjustment, which play an
important role in improving the economic benefits, safety and
the reliability of power grid operation [8]. In addition, it also
improves dispatcher communication, modernization and
automation enhancement during electric power dispatch and
the efficiency and level of dispatch.
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As much as the automatic changeover systems are reliable
and efficient, they also suffer some setbacks that if not
eliminated, may cause further damage to the whole power
grid. These setbacks include the overloading of transformers
after switching. Overloading can be reduced or eliminated by
combining the automatic changeover switch with a gradual or
sequential loading of the transformer and the switched
feeders [7]. This sequential loading ensures the step by step
loading of the feeders to maintain power supply stability in
case of transformer overloading occurs. The combined
function of the automatic changeover system and the
sequential loader is critical in areas and industries that
require an uninterrupted power supply for continuous
operation.

This research paper utilizes the combination of a
microcontroller and the load shedding and sharing features
to detect transformer failures, prevent transformer
overloading, and to ensure a continuous and uninterrupted
supply of power to the consumers. This, in turn, ensures
system stability and durability. The design incorporates
Arduino ATmega2560 microcontroller, current sensors,
Liquid crystal display (LCD) and relays to switch between
loads during load variations.

2. DESIGN, METHODOLOGY AND ANALYSIS
2.1 The working Principle

The design of the automatic changeover system starts
with the detection of voltage/current from the two
transformers using a voltage/ current sensor circuit, as
shown in Fig- 1.

Current
[ sensor
Voltage 1 MCU RELAY
» SWITCHES ™ . ,
To Display Unit
Voltage 2 LOADS

Fig -1: The design of the automatic changeover system

The output of the voltage comparator/sensor is fed to the
microcontroller unit (MCU) which then gave instructions to
the relay switches to either isolate the defective transformer
or not to isolate it. If there is the presence of current from
both transformers, the microcontroller instructs the
respective relays to either open or close the loads. Current
variations are recorded as they occur. If no voltage is input to
the microcontroller, it implies that the transformer does not
have any input and therefore shows a cause for failure.

A feedback mechanism is also included in the system to
monitor and record load current values to determine if the

transformers can support the demand. In this case, current
sensors from the loads are connected as inputs to the
microcontroller. The changeover system is effected using the
following modules, as shown in the block diagram:

i. The voltage sensor module
ii. Design of the Control system
iii. Design of the automatic changeover circuit
iv. LCD display module
2.1.1 Voltage Sensor Module

The voltage sensor circuit is required for constant
monitoring of input current, and voltages from the
transformers must be done. The circuit setup is as shown in
Fig.-2.
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Fig -2: Voltage detector circuit using an IC comparator

The voltage detection circuit includes resistors, a full-
wave bridge rectifier and an IC comparator. The mainsline is
connected through two resistors to the positive pin of the IC
and a reference voltage of 5 V connected to the negative pin.
To calculate the voltage across, Rz, equation 1 was used.

r

el (1)

Where Vg, is the veltage across Rz V+* is the unregulated
voltage, R1=100 kQ, R2=15 kQ.

The output voltage of the rectifier was calculated using
equation 2.
22l rms

Vo = 2 oo (2)

2.1.2 Design of the Control system

ATmega2560 Arduino microcontroller is used to
implement automation in the changeover system. The block
diagram showing the operation of the control circuit is as
shown in Fig -3.
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Fig -3: Schematic diagram of the microcontroller-based
changeover system

Using the Arduino software, C programming language was
used to write the program into the microcontroller in order
to run the hardware of the system. In addition, the system
provided for load shedding and load sharing features, such
that, when one of the transformers failed, the respective loads
were connected to the existing functional transformer with
priority. The microcontroller continuously compared load
currents to the transformer input currents. Therefore,
whenever the load exceeded the allocated transformer load
capacity, the microcontroller instructed the relays to close or
open in order to shed/isolate that particular load.

2.1.3 Design of the Automatic Changeover Circuit

This circuit requires two 220V/12VAC transformers
connected in parallel. Four loads of different capacities are
also connected in the circuit, with each transformer being
allocated two loads as per their load capacity, as shown in Fig
-4,

Fig -4: Line to load connection through relay switching

Relays R1 and R2 are used to control the loads for T1,
while relays R3 and R4 are used to control loads for T2. When
there is no current from both transformers, all the relays
remain at the normally closed (NC). When both T1 and T2
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have current, relays R1, R2, R3 and R4 move the contact to
the normally open (NO) and loads L1, L2, L3 and L4 light
consecutively. When only T1 has current, then only relays R1
and R2 remain at the NO. To effect the load shedding feature,
each load is connected to each transformer through
independentrelays. Therefore if only T1 has current, then the
relays open and close accordingly to switch on the prioritized
loads.

2.1.3 The LCD display module

The Liquid crystal display indicates the status of the
connected transformers together with the current drawn by
each load connected in the system. So, if transformers T1 and
T2 are functional or not, then the loads connected are
indicated together with those not connected in the system.

2.2 Simulation/Results

2.2.1 Simulation

The simulation of the microcontroller-based changeover
system is done using PROTEUS ver. 8.6, as shown in the
circuit in Fig -5.
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Fig -5: Simulation circuit diagram of the microcontroller-
based changeover system

Two input currents, I1 from transformer T1 and I, from
transformer T2 are fed to the microcontroller through the
current/voltage sensor. The microcontroller compares
currents I; and I, to the current capacities specified in the
program algorithm before the loads are switched. Four input
currents from L1, L2, L3 and L4 are also fed into the
microcontroller to provide a feedback loop to the system. The
algorithm used in the program is based on the continuous
comparison of the input currents from the two transformers
and the currents consumed by the loads to determine the
load shedding and load sharing schedule. A display is
connected to the microcontroller to show the real-time status
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of Transformer T1 and Transformer T2 and load currents of
L1, L2, L3 and L4 equivalents to the transformer capacity
specified in the program.

2.2.2 The testing Results and Discussions

Transformer 1

!

— |

For the full implementation of the system, Fig-6 is used to
illustrate the flow of the entire circuit. T1L1, T2L1, T1L2,
T2L2, T1L3, T2L3, T1L4 and T2L4 represent relays 1 to 8
respectively with all the transformers connected through the
relays to loads 1 to 4 as shown.
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Fig -6: Block diagram of the

The microcontroller constantly compares the inputs from
the transformer and the loads and instructs relays 1 to 8 on
which loads to close and open. This system ensures that
whenever there is a power interruption either due to failures

L —ne |

Load 4

testing microcontroller system

of transformers T1 or T2, all the loads remain ON. The status
of the transformers, relays and loads is observed and
recorded in Table 1.

Table -1: Automatic changeover results for transformers T1 and T2 and loads L1, L2, L3 and L4

Status of Transformers Relays Loads

T1 T2 R1 R2 R3 R4 R5 R6 R7 R8 L1 L2 L3 L4
ON ON ON OFF ON OFF OFF ON OFF ON ON ON ON ON
OFF ON OFF ON OFF ON OFF ON OFF ON ON ON ON ON
ON OFF ON OFF ON OFF ON OFF ON OFF ON ON ON ON
OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF |F o

For effective transformer changeover, load shedding and
load sharing features included in the changeover ensures that
only the loads within the specified transformer capacity in
the algorithm are switched on. The display shows the status
of the transformers and the loads during the changeover
process, as in Fig 7 and Fig 8. That is, which transformer
between T1 and T2 is active and which loads are switched on.
Since the load prioritization criteria follow L2, L3, L1 and L4
consecutively, load shedding and sharing are effected and
active loads shown on the display.

down T2 down T fine T2 fipe
transfarns down 1218 16 12

(a) (b)

Fig -7: LCD Display showing the status of transformer 1

and 2 when both have failed and when both are working

properly together with the load values of L1, L2, L3 and
L4.

M fine T2down Tl dawn T2 fine
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Fig -8: LCD display of the status of T1 and T2 when one
failed and the respective active loads.

The experiment is purposed to verify the capability of the
designed system to switch over the supply source of the loads
from Transformer T1 to Transformer T2 and vice-versa
(Hashanah, 2018). Fig 7 (a) shows when both T1 and T2 are
down which implies both transformers failed or were
disconnected while Fig 7 (b) shows both T1 and T2 being fine
which implies both transformers are functional and loads L1,
L2, L3 and L4 are 12 mA, 10 mA, 16 mA and 12 mA
respectively.

In the case where all transformers are functional, and the
loads exceeded the transformer capacity, the prioritization
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criteria is implemented to effect load shedding and load
sharing and therefore preventing transformer overloading.

Fig 8 (a) and (b) shows the results when one of the
transformers is ON, and the other is OFF together with the
connected loads. When only one transformer is ON, some
loads are shed, and the display indicates the active loads. Fig
8 (a) showsL1,L2,L3and L4as1,13,14 and 1 milliAmperes
respectively implying only L2 and L3 are active while L1 and
L4 are shed according to the prioritization criteria.

Fig 8 (b) showsloads L1, L2 and L3 being active while L4
is shed. The prioritization criteria is dictated by the algorithm
such that L2 then L3 then L2 then L4 are connected in that
order. The switching time of the changeover system is very
negligible, making the system efficient. This is because no
downtime is needed for either of the transformers during the
changeover since the AC current/voltage is of the same
frequency.

3. CONCLUSION

The project proposes the design and development of an
automatic microcontroller based changeover system for
power in industrial and residential areas in case the power
supply system experiences faults. The designed system
utilizes the microcontroller unit to instruct and control the
switching relays and to display the real-time results during
the changeover process. From the simulated system, the
results showed that the automatic control system enabled an
efficient system through the reduction of time-lapse during
switching. It also reduces power instabilities through the
implementation of load shedding and load sharing.
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