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Abstract. A healthy and comfortable habitation in coastal areas is one of the requirements for
establishing a modern society in the increasing number of water and air pollutions. On the one
hand, high humidity and temperature levels reduce the convenience of settlements in coastal
areas. This condition is even worsened in many houses, which are built with poor air circulation.
On the other hand, when the house's windows are opened to allow airflow, many insects such as
mosquitoes will enter the room. Mosquitoes are carriers of many diseases in Indonesia, such as
dengue fever, malaria, chikungunya and many more. For solving this problem, this paper
proposes a solution by designing insect trap of windows connected to a DC high voltage source
to exterminate mosquitoes. The source of electricity is obtained from PLN 220 Volt. The voltage
from PLN is boosted to reach 3240 Volts. Our prototype has been demonstrated to exterminate
a swarm of mosquitoes. When mosquitoes pass through the window trap, they will experience a
short circuit, as their body is connected between negative and positive for a short period. The
experiment results showed that the applied voltage of 14.6 kV was able to sting mosquitos to
death. To prevent its high voltage impact and guarantee the safety of utilization, we provide a
safety layer to prevent direct human contact. When it is not in use, the power source can be
turned off by using wireless control.

1. Introduction

If aroom is poorly ventilated, it can cause the space to become humid, hot, and increase micro-organisms
[1,2]. Therefore, ventilation is needed, which will facilitate air movement from outside the room into
the room, resulting in air change. With air movement, it is hoped that it can improve air quality and
improve the room users' comfort and health. However, when ventilation is open without obstructions, it
provides easy entry for insects from outside, such as mosquitoes. Mosquitoes are one of the organisms
that live and breed in environments with hot and humid climates, especially in tropical countries such
as Indonesia. Most mosquitoes are harmful because they can spread various diseases such as dengue
hemorrhagic fever (DHF) and malaria. Therefore, much effort has been made to kill or avoid mosquito
bites [3]. One of the dengue endemic areas with high cases in Semarang City is Tembalang District.
There are 2 Health Center (Puskesmas) in Tembalang sub-district, namely Rowosari and Kedungmundu
Health Centers. The incidence of DBD at the Kedungmundu Health Center was significantly higher than
that of the Rowosari Health Center. DBD cases in the Kedungumundu Health Center working arca
during 2010-2014 were, respectively, IR 782.4/100,000 population in 2010, IR 114.63 in 2011, IR
100.97/100,000 in 2012, IR 259.39/100,000 population in 2013, IR 174.69/100,000 population in 2014
(Dinkes Kota Semarang, 2015) [4]. A study has been carried out to overcome the mosquito problem by
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Ambarita (2015) [5]. To solve this mosquito problem, Ambarita has conducted research using the sterile
insect method. The use of AC to increase comfort but has an expensive economic impact and reduces
health [6]. This paper presents the design of an insect (mosquito) trap window system to overcome this
problem, which can then kill the mosquito due to high voltage. A high voltage trap can be generated
using a discharging electric field [7,8]. This mosquito trap window can be applied at home. The
mosquito trap window system has several features, which can be switched using wireless, and the system
can be operated with AC or DC sources as an alternative source. The benefit of this high voltage trap
window is that it is able to reduce the number of mosquitoes that enter the room, thereby increasing the
comfort of its residents in the Semarang area.

2. Methodology

Hardware design for DC high voltage generation by utilizing a flyback converter. The design block
diagram can be seen in figure 1. From figure 1, it can be explained that to produce a high voltage from
a flyback transformer using a DC voltage source. On the other hand, to regulate the incoming signal to
the flyback transformer using Zero Voltage Switching (ZVS) from the MOSFET driver supplied from
the DC-DC Module with a 12 Volt battery voltage source.

DC Voltage N Flyback | Windows
Source Transformer with Casa

— Power flow

Zero Voltage

em-# Signal flow Switching (ZVS)

Battery Boost Converter MOSFET Driver
12V I 12v/15V [TLP 250)
*

Arduine Module

Figure 1. Schematic diagram for generating controllable DC high voltage.

2.1 DC Voltage Source

A steady DC voltage source is used as a voltage supply for the flyback transformer's power circuit. The
input voltage is 24 Vdc, transformed by a flyback transformer into a high voltage. The voltage source
to be used is two batteries of 12 volts, which are combined in parallel to produce a voltage of 24 volts,
as presented in figure 2 (a).

(a) (b) (c)

Figure 2. (a) 12 Volt Battery as the source of DC Voltage, (b) Arduino Uno Module as the
controller, and (¢) MOSFET Driver TLP250.

[¥]
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2.2 PWM Control Circuit Design of Arduino Uno Module

In this paper, the Arduino Uno Module is used to generate a Pulse Width Modulation (PWM) signal for
controlling the MOSFET Driver TLP250. The switching process is applied with T,, (time when the
switch is closed) and T (pulse period time) or the so-called duty cycle. MOSFET triggering is carried
out at high frequencies. The PWM signal generation circuit by the Arduino Uno Module [9] can be seen
in figure 2 (b).

2.3 Designing the TLP250 MOSFET Driver

The TLP250 driver MOSFET circuit, as displayed in figure 2 (c), is used to isolate and amplify the
output signal from the Arduino Uno control module. TLP250 can be used for high voltage MOSFET
drivers. The TLP250 MOSFET driver circuit gets a 15 Vdc supply voltage from the buck converter
circuit. Based on the TLP250 datasheet, the required voltage supply range for TLP250 is 10-35 V, so
that a voltage of 15 V is sufficient to supply TLP250. This voltage is also sufficient to trigger the
MOSFET used.

2.4 Flyback Transformer

In this circuit, the flyback transformer functions to transform a low-value input voltage into a higher
value output voltage [7, 10]. The flyback transformer used in this project comes from a CRT monitor.
The flyback transformer uses a ferrite core. Figure 3 shows the realization of the modified flyback
transformer.

Secondary Flyback Primary Flyback
Transformer Transformer

Figure 3. Modified flyback transformer.

2.5 Instruments for Testing and Measuring

For measurement and data collection purposes, several measuring instruments are used as follows,
Digital multimeter PC5000a to measure the voltage at the input and output sides.

Digital oscilloscope OWON to see the voltage waveform on each block of equipment.
LCR meter for measuring inductance and capacitance values.

High voltage probe 1: 1000 Volt it can be read by oscilloscope and multimeter.

An oscilloscope probe to take the output waves of each block of equipment.

Current probe to take the I, output waveform.

3. Results and discussion

In this section, testing and analysis of the flyback converter's duty cycle and frequency are carried out.
The tests carried out include testing each hardware block and testing the hardware as a whole. This test
aims to determine system performance without closing the possibility of deficiencies in the system that
has been made. Tests on research on the effect of duty cycle, frequency and input voltage on flyback
converters for high voltage generation include:
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e Testing the frequency and duty cycle of the control circuit output waves
e Testing the effect of duty cycle on the output voltage of the flyback converter MOSFET

3.1 Results of testing the frequency and duty cvcle of the control circuit output waves

Testing the control circuit aims to determine the output pulse waveform of the Arduino uno module,
which is used to trigger the MOSFET on the flyback converter. Measurements are made by connecting
the positive oscilloscope probe to the TLP250 output as the MOSFET driver and the negative probe
connected to the ground. The control circuit measurement scheme is shown in figure 4. Based on the
results of measurements using an oscilloscope, a voltage of 15 V. The amount of voltage is within the
allowable voltage range, which is 10-35 Volts.

3 div

Figure 4. Output wave, V/div="5 V., T/div = 10 us/div.

3.2 Results of testing the effect of duty cycle on the output voltage of the flyback converter

Testing MOSFET switching on the flyback converter includes testing the MOSFET switching mode and
measuring the output voltage. In testing the flyback converter MOSFET switching mode, the output
waveform of the resonant capacitor voltage (Ver) and the resonant inductor current (IL;) was observed
to determine the switching process. In measuring the output voltage, testing the effect of the duty cycle
(40-60%) and frequency (24-28 kHz) on the MOSFET output voltage on the flyback converter that has
been made.

3.2.1 Results of the Flyback Converter MOSFET Qutput Voltage test. The voltage test on the MOSFET
on the flyback converter is done by adjusting the frequency value and the control circuit's duty cycle.
The variation of the frequency used is 24-28 kHz, and the variation of the duty cycle used is 40-60%.
Measurement of the MOSFET output voltage on the flyback converter is carried out without load. The
schematic of output voltage measurement is shown in figure 5 (a). High voltage measurements are
carried out using a high voltage probe so that the output voltage can be read on the oscilloscope. The
results of high DC voltage measurements are shown in figure 5 (b).
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DC Source

T,

(a) (b)
Figure 5. (a) Schematic of Output Voltage Testing from flyback Converter MOSFET, (b) Output
Voltage Wave on Flyback Converter with fs = 26.09 kHz.

Figure 5 (b) shows the MOSFET output voltage waveform on a flyback converter with a switching
frequency of 26.09 kHz. The MOSFET output voltage wave on the flyback converter is indicated by a
dark blue wave (below), and the PWM wave is indicated by a light blue wave (above). Figure 5 (b)
shows that the output voltage of the MOSFET on the flyback converter is a high voltage DC filtered as
the flyback transformer used has a capacitor component. The output voltage value shown in figure 5 (b)
can be calculated using equation (1) as follows,

Vout = div vertical x V/div x multiplier probe (D

With a known value of div vertical is 3.24, and the multiplier probe is equal to 1,000, then V., can
be calculated. Based on the calculation, it can be obtained that the MOSFET output voltage on the
flyback converter in figure 5 (b) is 3240 V.

3.2.2 Application of High Voltage DC to the Prototype Window. The application of the high DC voltage
in the prototype window aims to determine the applied voltage function. The voltage is adjusted so that
the value is 6.97-kilo volts using a frequency of 26 kHz and a 50% duty-cycle. Figure 6 results from
testing of a Trap Window that stings insects/mosquitoes that pass through the screen using the high
voltage output of the flyback.

Figure 6. Windos trap connecting to DC high voltage source.
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Table 1. Experiment of DC High Voltage Discharge with applied
voltage variation.

Voltage Applied (kV) Phenomena
1.1 No Discharge
29 No Discharge
3.6 No Discharge
49 No Discharge
5.8 No Discharge
6.7 No Discharge
8.2 No Discharge
14.6 Discharge

This test is carried out by connecting the high DC voltage to the hemispherical electrode and the
ground connected to the spherical electrode. The electrode spacing is 10 mm. Schematic and high-
voltage discharge test data with a variation of the electrode distance of 10 mm. Results of testing high
voltage discharge can be seen in table | below. From table 1, it can be seen that the voltage is 1.1 kV;
29 kV; 3.6 kV;4.9kV; 58 kV, 6.7 kV; and 8.2 kV no discharge reaction. The results show that the
electric field generated from the sphere's voltage is not sufficient for discharge to occur. The discharge
process is detected at a voltage of 14.6 kV. The higher the voltage applied, the greater the resulting
electric field resulting in a discharge. This discharge voltage is used to catch and kill mosquitoes when
they break through a window with a trap.

4 Conclusion
Based on the results of measurement, testing and discussion, it can be concluded as follows:
1. The output voltage of the MOSFET measured and calculated is 3240 Volt.
2. The results of the discharge voltage test using a sphere and hemisphere electrode spacing 10 mm
showed a discharge at a voltage of 14.6 kV
3. There is no discharge at 1.1 kV up to 8.2 kV test voltages due to insufficient voltage to create a
high electric field that is able to penetrate the air to discharge.
4. This discharge voltage is applied to the windows to catch and exterminate mosquitoes attempting
to break through them.
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