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ARDUINO UNO-BASED AUTOMATIC TRANSFER SWITCH
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An automatic transfer switch (ATS) automatically transfers electrical power from a primary to a backup supply during power
failure. However, there are some inconsistencies associated with this transfer method. Therefore, this research designed,
constructed and tested an Arduino Uno R3 board based ATS prototype for the automatic transfer of electricity. This model
generally consists of electrical equipment, electronic devices, and programming software. Furthermore, a ladder diagram in
SoapBox Snap software, integrated with IDE software used to test the prototype. The ac relays were for the main and generator
supply sensors, while the dc relays were for the generator switching, starting, and stopping processes. Basically, the capacities of
the components for the main and backup generator supplies were based on 900 VA, 220 V, 4.09 A, and 50 Hz for power, voltage,
current, and frequency, respectively. Four functional tests were conducted on a normal, main supply outage, generator failure,
and main supply conditions. The result showed that the main-to-backup supply switching time was 15.13 s, closed to the
standard time of 15 s. The average statistical error was 1.11 % and used as a third-class category of measuring instruments.

Meanwhile, the operational voltage range was between 135 V and 245 V on loading conditions.

1. INTRODUCTION

The main electrical energy supply is not always
continuous [1], therefore, it is necessary to use an ATS to
transfer an alternative or backup power source to a load [2—
4]. This tool controls backup generators and an automatic
main failure (AMF) [5,6]. It reduces downtime and
increases electrical power supply reliability [7]. Several
ATSs have been designed using a programmable logic
controller (PLC) [8], triode for alternating current (TRIAC)
[9], PIC16F877 series [10-12], ATMEL ATtiny2313 [13],
8051 [14], ATMega 8535 [15], AVR ATMegal6 [16],
ATmega328 (on Arduino Uno board) [17], and 8052 [18]
microcontrollers. Generally, these ATSs serve as a transfer-
switch backup generator and are also used to turn on diesel
pumps [19] and PV batteries [20].

Furthermore, microcontrollers are used to control various
applications, such as data acquisition [21], microscope [22],
solar tracking [23], battery management [24] systems,
digital-controlled electronic load [25] and medical
applications [26].

The statement above implies that microcontrollers have
several benefits. However, the designed ATSs were not
realized using SoapBox Snap software and tested not more
than 15 times. In this research, the design, construction and
testing of an ATS prototype control system were carried out
using an Arduino Uno R3 board with ATmega328
microcontroller, SoapBox Snap for making ladder diagram,
and carry out functional testing based on new ideas. This
prototype was tested to show the time needed to transfer
electrical energy from the primary to backup source,
supposing the main power did not supply the load. Its

performance was also tested in case interference appeared
between the primary and backup power sources with the
standard transfer delay of 15 seconds [27]. Furthermore, the
surge currents need to be overcome in the primary source
and failure of the generator to start.

2. DESIGN AND IMPLEMENTATION METHODS

Figure 1 shows the block diagram of the ATS operational
system consisting of input, process, and output. The first
part is the main source and generator, while the second is
the control system. The ac relay sensor was used to detect
the main supply and backup generator, further processed by
the Arduino Uno R3, which included ATmega 328
microcontroller as relay controller of on-off operations.
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Fig. 1 — ATS system block diagram.

The maximum limit of the primary source and backup
generator power requirement settings was necessary to
avoid ATS component damages. Basically, the design was
based on 900 VA, 220 V, 50 Hz, 0.8 lagging, for power,
voltage, frequency, and power factor, respectively, both for
the main and alternative sources. Therefore, the minimum
current capacity was 4.09 A.

Fig. 2 — a) Voltage relay sensor circuit diagram; b) physical 250 V ac relay.
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The hardware subsystem consisted of a sensor, data
processing, relay, and load. Figure 2a is a voltage sensor
relay circuit diagram connecting the main supply and
backup generator. Meanwhile, Fig. 2b shows the physical
condition of the relay. In accordance with the energized
coil, the relay is connected to the board.

The Arduino Uno R3 board serves as the data processing
centre and controller. It required a 5 V dc operating voltage
of power supply, connected to several hardware subsystem
circuits, and located on a specified port according to the
corresponding function. Figure 3 shows the Arduino Uno
R3 pin locations.

SIM1

Fig. 3 — Arduino Uno R3 pin locations.

The Arduino Uno R3 board receives the input signals
from the pushbuttons and sensing relays. Meanwhile, the
output signals are from the indicator lamps and relays, such
as starting, stopping, and loading. The dc modules are used
for switches controlled by hardware. There are 2 subsystem
relay types, which consist of the on and off starting and
stopping backup generator and the on and off central source
control relays.

Figure 4a shows the dc relay module circuit diagram.
The input was connected to the Arduino Uno R3 board,
while the output, which is in the form of a switch, moves
the supplied energy from the main supply to the load in
case the main source becomes extinct. Figure 4b indicates
the physical 2-channel relay.
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Fig. 4 — a) Circuit diagram and b) two-channel 5-volt dc relay.

The load subsystem was used to describe the ATS
output. The lamps indicate the loading in the main supply
or backup generator. The ATS used a 5 W LED, while the
visual indications consisted of the load, backup generator
stopping, and starting relay control indicator lamps.

The ATS programming was performed using a ladder
diagram (LD) of SoapBox Snap software. It was also
stimulated by LDmicro software without connecting to the
hardware. The ladder design was based on 4 conditions,
namely the normal, extinct, failed to start, and revived main
supplies. However, the LD circuit was functional under
normal conditions, while the main source was ready to
supply the load. In accordance with this condition, the auto
push button was on normally closed (NC). However, when
the main supply goes extinct, the backup generator fails to
operate. Figure 5 shows the corresponding flow chart.

Switch load te generator

Fig. 5 — Failing and starting main supply flowchart.

In the case of a revived main supply, all relays are bound
to start functioning. The flow chart describes this condition

in Fig. 6.

Generator On

Fig. 6 — Revived primary source flowchart.

3. RESEARCH RESULTS AND DISCUSSION

Figure 7 shows the overall circuit diagram design,
consisting of the main components, namely microcontroller
and relays.
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Fig. 7 — Overall ATS circuit diagram.

Figure 8 shows the ATS packaging, on the (a) outer and
(b) inner parts, which consists of previously mentioned
components.

(b)
Fig. 8 — Yielded ATS: a) outside and b) inside.

In addition, testing of components was used to determine
the ATS equipment’s feasibility, as shown in Fig. 9.
analyzed, both operating voltage and statistical error.

Phase Main supply

Neutral

Source switch
e
e |
switch

Push Button
®C
Generator
LEDs op =
Auto Stop on load I
® Failed ® u. ® a-r-mn. .‘ _®
e =y
£ load
Power supply Lamp
Connector Automatic Transfer Switch

Fig. 9 — ATS testing circuit.

This process was carried out by connecting 2, 5 and 9 V,
power supplies to the main supply of the Arduino Uno R3
board and dc relay circuits. The relay contacts were
connected to a load of lamps through the terminal board.
Conversely, the LEDs were connected in parallel to the
main supply and the backup generator relay contacts.
Furthermore, 2 incandescent lamps were connected to the
ac source, starting from the relay contacts and the backup
generator. To prevent the power source from extinction,
some equipment was also tested and A power plant for
emergency service needs to be able to reach full speed and
carry load within 15 s after receiving the initial signal. The
entire load also needs to be transferred within the next 30
seconds, or a total duration of 45 s [27]. In accordance with
the standard basis, the ATS testing was carried out within
15 s. The main supply consists of 3 conditions, namely
above, below and same as 15 s. It was further stimulated to
determine the power outage of the main supply that lasted
the duration. Based on the test data above 15 s, the ATS
operated properly, by the switching from the main supply to
the backup generator and vice versa. The test data below 15
s proved that the power outage of the main supply took
place within a short time, under the ATS switching
duration. The ATS below the 15 s operated adequately
fulfilling the design. At the time of the main supply
extinction, the backup generator started and functioned for
15 s, and the main supply came on before the time elapsed.
The ATS ensured that the main supply was ready to transfer
the load. After the 15 s waiting time, the relay turned off
the backup generator.

The test data at the 15" second shows that the main
supply was extinct, and at the same time, the backup
generator was ready to start immediately, according to the
standard, PUIL 2011 part 8 [27]. Based on the test data
within the same duration, the ATS design was properly
operated. It waited for the same duration to ascertain the
availability of the voltage from the main supply. In the case
of the extinct main supply voltage, the ATS initiated to start
the backup generator for 15 s. In addition, the voltage
supplied the load, which was also tested to certain
occurrences. These include the inability of the generator to
start and bringing the main supply back to life.

Figure 10 is a sample of a part ladder diagram under
normal conditions using LDmicro software. The circuit and
the main supply were ready to function and transfer the
load. In this condition, the auto push button was on a
normally close (NC).
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Fig. 10 — A sample of LDmicro ladder diagram.

Figure 11 shows the timing diagram for the healthy or
normal condition. The result shows a turned on ATS and
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load relay. It also illustrated the duration of the main active
supply. Simultaneously, the backup generator was unable to
handle the loss of power supply to the load. The experiment
duration for the healthy condition was 120 s.
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Fig. 11 — Healthy condition timing diagram.

Figure 12 shows the timing diagram of extinct main
supply. The sensor becomes functional as the main supply
is switched turned. Afterwards, the main supply was no
longer available, and both load and supply sensor relays
were turned off. The generator relay started for 15 s, after
which it was ready to supply the load. The timing diagram
describes the transfer time from the main supply to the
generator, turned on for 15 s, and assuming the starting
relay turned off, it was active for 2.5 s. The starting and
warming of the generator lasted for the same duration. At
35™ second, the supply turned on, followed by the load and
sensor relays, for 87.5 s.
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Fig. 12 — Extinct main supply timing diagram.

Figure 13 shows the timing diagram, which indicates the
transfer duration from the generator to the main supply.
This test was carried out for a returning state of the main
supply to life. In this test, the main supply was extinct; the
generator, load and sensor relays were turned on. Also, the
main supply came back to life and was still turned on
because it detected a voltage while the generator sensor
relay was still active. It also failed to transfer the voltage
until 15 s of set time to ensure that the main supply was
fully ready to convey the load. After the stipulated time, the
main supply relay was turned on, while the generator was
turned off simultaneously. Furthermore, the generator
started to cool for 15 s before getting turned off. The
generator was turned on for 75 s, while the load and sensor
relays were turned on for 45 s. At the 30™ second, the main
supply was turned on, and the timer waited for fifteen
seconds to ascertain this fact. The generator was ready to
supply power to the load. At the 45™ second, the main
supply conveyed electricity to the load, and the generator
started cooling down and finally stopped at the 60™ second.
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Fig. 13 — Return on a supply timing diagram.

Figure 14 shows the results of the test carried out when
the generator failed to start. During this analysis, the main
supply and sensor were turned on instead of the load relay.
The generator relay, which was turned on, indicates that it
tried to start. However, it failed, and the relay had to wait
for 5 s, which depicts a first failed process. The relay was
turned on to carry out other starting processes, and the
generator failed to start again before being turned off for
another 5 min. Moreover, the relay was turned on again to
initiate a third starting process. It failed to start, and the
relay waited for another 5 s. Therefore, both the buzzer and
indicator lamp were turned on, indicating a problem with
the backup generator.
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Fig. 14 — Failed generator to start timing diagram.

The main supply, relay, and sensor were set for 40 s. The
generator relay turned on for 2.5 s, and the waiting time
was 7.5 s to detect whether the generator failed. The
starting of the generator was carried out 3 times to review
whether or not it failed. After the 3™ time at the 70" second,
it still failed to start, the buzzer and indicator lights were
turned on, thereby depicting that the backup generator was
the problem.

The main supply was above 15 s, while the starting
signal duration was an average of 15.13 s. Conversely,
when the main supply went out for less than 15 s, the ATS
test data proved that the starting signal was an average of
15.20 s. It was further proven that the main source went off
at 15 s, with a starting signal of 15.07 s. This case was in
accordance with PUIL 2011, Section 8 [27], which stated
that the power plant needs to be ready to supply load within
15 s of receiving signal.

The main supply needs to be revived, irrespective of the
fact that the generator failed to start to avoid going extinct.
Based on the healthy condition, the system was ready to
respond to any interference. The extinct condition described
the transfer time from the main supply to the backup
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generator. Consequently, assuming the main supply was

extinct, it conveyed the load to the backup generator within

15 s, according to the standard PUIL 2011 part 8 [27].

Although, when the main supply was revived, it was ready

to supply the load. Finally, after 15 s, it moved from the

backup generator to the main supply. Its inability to start
led to a continuous trial of 3 more times before turning on
the buzzer and indicator.

The ATS statistical and error tests are aimed to acquire
the actual values. The error limit was listed on the
measuring instruments with the electrical tools classified
according to IEC 62053-21 standard [28]. The measuring
instruments accuracy consists of 8 classes, namely 0.05,
0.1, 0.2, 0.5, 1.0, 1.5, 2.5 and 5. These describe the error
magnitudes of the instruments on the measuring limits of
+0.05 %, + 0.1 %, £0.2 %, 0.5 %, £1.0 %, +1.5 %,
+2.5 %, £5 %, to the maximum values. Based on these
classes, the measuring instruments were classified into 4
groups according to the user criteria.

1. Groups of 0.05, 0.1, and 0.2 classes include the highest
precision measuring instrument. They are used as
laboratory standards.

2. The 0.5 measuring instrument class has the next lower
level of precision after the 0.2 class. This measuring
instrument is portable and commonly used for
precision measurements.

3. The 1.0 class has a lower level of precision than that of
the 0.5. This is commonly used on small portable or
panel measuring instruments.

4. The 1.5, 2.5, and 5 classes are used on panels that do
not pay much attention to precision and accuracy.
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Fig. 15 — ATS testing results.

The testing process was carried out by measuring the
response time of each part, which was carried out
100 times. The parts include the extinguished main source
and starting generator, revived main supply and load. On
the contrary, the starting generator handled the cooling
down and turning off, while the backup failed to start.
Figure 15 shows the ATS testing results.

Equation (1) is used to calculate the percentage of errors
from the ATS system [29].

— |Xn - X0| o
error=————100 [%], 1)
XO
where X, and X, are the n and initial data, respectively.
The results of the error percentages are shown in Fig. 16.
The mean value of the ATS error was 1.11 %, and it has a
reasonably small percentage error because it has a
systematized approach to the third class. The mistakes
found in the generator's inability to start were at an average

of 1.47 % and close to the fourth category. This was caused
by failures of the starting conditions, despite starting the
generator 3 times in a reasonably long time.
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Fig. 16 — ATS error percentages.

The ATS service working voltage variation was set to
+5 % and —10 % maximum and minimum nominal voltage
[30]. Based on the quotation of SPLN 1995, Article 4, the
test was carried out by adjusting the working voltage of 50
to 250 V on the ATS. It showed that the load supplied 50 to
134 V, while turning off their load condition. Meanwhile,
the voltage range of 135 to 245 was also turned on.

4. CONCLUSION

In conclusion, an Arduino Uno-based automatic transfer
switch prototype was successfully designed in this research.
This prototype included SoapBox Snap software in the
design, implementation and functional testing stages.

The yielded data for the main supply and generator were
acquired 100 times. The main supply produced power, and
the backup generator was cooled down and turned off.
Meanwhile, the failure rate of the backup generator was
1.11 %. This case followed the standard [28] the yielded
ATS was classified in the third class and closed to 1.0 %.
This precision was commonly used on portable or panel
measuring instruments.

The operating voltage data range from 50 to 134 led to
the turned-off load condition. However, within the range of
135 to 245 V, it was turned on. This was proven to be
greater than the standard [30], whereas the variation of the
service voltage was set at +5% and —10% for the
maximum and minimum of the nominal voltages,
respectively. For future occurrences, it is better to design a
prototype that reduces the starting time.
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