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Circuit for early lightning warning alarm system

Noor Azlinda Ahmad¥*, Zawani Amirah Rasid!, Zuraimy Adzis!

1 Institute of High Voltage & High Current (IVAT), Faculty of Electrical Engineering Universiti Teknologi Malaysia, 81310 Skudai Johor, Malaysia

ARTICLE INFO ABSTRACT

Article history: Lightning is among the most deadly natural phenomena to mankind. This phenomenon
Received 11 May 2017 is seen to increase globally as well as in Malaysia. Lightning does strike open areas
Received in revised form 5 June 2017 such as playing fields and playgrounds and these areas are places people gather.

Accepted 3 July 2017

Sensors that can detect the early occurrence of lightning have been developed for
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detecting approaching lightning activity in this project. The main objective is to provide
early lightning warning system to the public and hence to reduce the number of
fatalities due to lightning strike. The warning circuit was designed and simulated using
Multism11. Basic operational method of the circuit is based on the comparative
voltage method using LM339N integrated circuit comparator (IC). Light Emitting Diodes
(LEDs) were used as indicators to indicate if the incoming voltage level is higher or
lower than that of the safety level.
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1. Introduction

Lightning is one of the most formidable natural phenomena in the world. It can lead to adverse
effects either to properties or human if precautions are not taken. With an extremely high current,
high voltage and transient electric discharge, it can bring injuries or even fatality to human. Although
hundreds survive from lightning strike, once get struck, they will suffer from a variety of lasting
symptoms such as ophthalmic and otology effects (eyeball and hearing problems) [1]. Further, stroke
current can also damage the cardiovascular, central nervous, dermatologic and musculoskeletal
systems [2].

Countries lying close to the equator such as Malaysia experience high distribution of lightning
and thunderstorm activities. The average number of thunderstorm days (a day where thunder is
heard at the station which signifies the presence of a nearby thunderstorm) in Malaysia is 200 days
as reported by Malaysian Meteorological Department (MMD) [3] with the highest mean annual
thunderstorm days ever recorded is 316 (until 2015) at KLIA, Sepang [4]. Higher atmospheric
humidity, global warming, solar activity and land topography including land clearing for development
are some of the factors that contribute to the increasing number of lightning in Malaysia [4]. In
addition, it was reported that the effects of lightning on communication / system network account
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for equipment damage, data losses and malfunctioning of control and automated system that may
cost over RM 250 million and thousands of human injuries and death [5]. Lightning incident occurred
mostly over open areas compared to over the sea. This fact is consistent with the data from earth-
orbiting satellites where it showed that, on average, around 80% of lightning flashes occur over land
while the rest is over the ocean [6]. On the other hand, lightning initiates many forest fires, and over
30 % of all electric power line failures are lightning related. Further, each commercial aircraft is struck
by lightning on average once a year [7]. Figure 1 illustrates the locations of lightning incident in
Malaysia from 2009 till 2011.
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Fig. 1. Locations of lightning incident in Malaysia from 2009 to 2011 (adapted from [8]).

The increase of lightning incidents in Malaysia is partly due to lack of lightning safety awareness.
Outdoor activities still continue in drizzling rain with thunder. Some even took shelter under trees
where those places are more vulnerable to lightning. Due to the fatal effect of lightning, many
lightning warning system have been established in order to reduce or avoid losses due to lightning.
Tao et al. [9] reported the small-scale and short-time lightning warning method based on
atmospheric electric field and trend prediction of Lightning Locating System (LLS). The effectiveness
and practicality of the two methods were investigated by applying to transmission line in China
power grid. Another study [10] reported the lightning early system based on cloud computing
technology. This technology is effective and can solve the traditional standalone computing
problems, such as the low efficiency and slow speed of data process. Meanwhile, a systematic
monitoring of the status and trends of the thunderstorm activity of a given region to minimize
damage from lightning has been investigated by Serkov et al. [11]. In their study, problem of
optimal synthesis of an early warning system of thunderstorm hazards has been resolved where
the inter-cloud discharge registration and identification allows the time interval of 10 minutes
before the first dangerous discharge "cloud-to-ground". Based on their result, it is possible to
implement an early warning system on storm hazard.

As a warning of occurrence of lighting activities, the circuit for early lighting detection system
with alarm is designed in this study and the results are shown and discussed. It is hoped that the
outcome of this project will benefit the public hence drastically reduce the number of lightning
injuries and fatalities in Malaysia.
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2. Methodology
2.1 Development of Circuit

Multism™11.0 simulation software was used in designing and testing the alarm circuit as
depicted in Figure 2. The design begins with evaluating the type of input for the lightning detector
and type of output signal to be used in the detection system. The input of the alarm circuit must be
in DC form, since the measured output from the buffer amplifier is in DC voltage [14]. A Comparator
IC LM339N is used to compare the input signal to the threshold value since both of its input and
output are in DC.

For practical reasons, the saturation voltage for the comparator was set to be +12 Vand 0 V. Since
the output for this IC is an open collector, so a 100 kQ resistor is connected between the supply and
the output of comparator for external pull up or else the output value cannot be increased. The
comparator also drive low saturation voltage which consequently affect devices connected to the
output of this comparator. Two types of relays are used to control the output. An NPN BIJT type
BC547C is used to control the relay whether it should function from normally open (NO) to normally
closed (NC) or vice versa.
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R4 — Potentiometer; K1 — Normally close contact; K3 —Normally open contact; X1 — Green colour of
indicator; X3 —Red colour of indicator; LS1 — Alarm

Fig. 2. A diagram of circuit connection for the alarm system

SUPPLY +12 o

B = NC CONTACT
RELAY

— .| NO CONTACT

POTENTIOMETER LM339N

Fig. 3. Connection of alarm circuit on the PCB board (left) and types of indicators used in the circuit (right)
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The collector of transistor is connected to the relay while the base of the transistor is placed at
the end of the output comparator. This will establish necessary current to energize relay in the
collector circuit. The relay current depends on the base current of transistor controlled by the output
from the comparator. A 1N4149 diode is connected in parallel to protect the BJT. This can be done
by blocking the discharge current from the coil of contactor from flowing back to the transistor. The
complete diagram of circuit connection is shown in Figure 3.

Two types of light indicator; green and red were used to indicate the safety situation. Red color
indicates unsafe situation while green color indicates the opposite situation. Simultaneously, a siren
used in the circuit will function as soon as the red indicator turns on. Voltage supply for this circuit is
12 Volts to demonstrate the field intensity from lightning. This is because, from previous studies, the
voltage measured from lightning electric field measurement was in the range of 1 to about 20V [12,
13]. Meanwhile 2 Volts is set as a trigger level to notify the higher possibility of strike to occur. This
value is determined based on the value suggested by [14] and is calculated based on the following

equation

_ Rg __ 10kQ
V2 = Ry+Rg (10 +50)kQ 4 (1)

Table 1
The range of the input voltage with colour of indicator

Range for input voltage (V+), V Colour of indicator
<2V Green
>2V Red

e Alarm will be turned on as long as the red indicator turned on

In this circuit, the NO contact is connected to the red indicator while the NC contact is connected
to the green indicator. Proper threshold value must be set to make sure the circuit functions. When
the input voltage (V+) is greater than the reference voltage (V-), the output of the comparator would
be +12 V. This causes current to flow through the base of the BJT and finally its collector current also
flows through the coil. The coil of relay will be energized and causes the common part to be activated
by changing it from the NO contact to the NC contact. This will finally light up the red indicator as

illustrated in Figure 4.
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Fig. 4. The current flow when input voltage is greater than reference voltage

11



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 8, Issue 1 (2017) 8-17

However, when the input voltage (V+) is less than reference voltage (V-), the output of the
comparator will be 0 Volts. No current is flowing through the base of the transistor as well as at its
collector. Hence, the coil of the relay will discharge and causes the common part to be turned back
at its previous condition and turn on the green indicator as illustrated in Figure 5.
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Fig. 5. The current flow when input voltage is less than reference voltage

The concept of lightning warning system is based on lightning detection method which relies on
the presence of an electric field in the atmosphere. In normal fair weather, the electric field is
normally 100-200 V/m but this value may increase to as much as four order of magnitude (up to 2000
V/m or above) during thunderstorm [14, 15, 16] which indicates higher chances of lightning. Note
that in this study, we are only focusing on the development of alarm circuit and no real measurement
was done to verify the field intensity value as indicated in Table 2 below. These two values are only
used as guideline in this study to indicate the safety condition during thunderstorm.

Table 2
Threshold value for the indicators [12]
Indicator Field intensity Threshold Safety status
Green light Less than 2000 V/ m Safe
Red light and siren Above 2000 V/m Unsafe

A complete flowchart which simplified the whole process of circuit design in this study is illustrated
in Figure 6.

3. Results and Discussion

The experimental result and circuit simulation are presented in this section. Their relevant
information such as the output voltage and flowing of current from the output of comparator through
the base of the transistor for both conditions (simulation and experiment) were recorded in a
separate table for each type of connection.
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Gather relevant information in designing the
circuit

Design and do simulation on the development

circuit

Test the simulation

Build the alarm circuit on the
proto board

Check the connection of the
circuit and modified if needed

Test and validate

Develop the alarm circuit on the
PCB board

Check the connection of the
circuit and modified if needed

Test and validate

Fig. 6. Flowchart which describes the whole

process of this research work

3.1 Simulation Result

The complete design for the alarm circuit as shown in Figure 2 was simulated using
Multism™11. Only the input (V*), reference (V') and output voltage (Vo) of each comparator were
simulated. Results of simulation are tabulated in Table 3 and 4 while the wave curve of input, output
and reference voltage are depicted in Figure 7 and 8 for V* > V- and V* < V', respectively.
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Table 3
Simulation result when V* > V-
Colour of
vt V- Vo Ig I; -
indicator to be Alarm
\Y \Y \Y A A
v v ® Mm@ lieht on
1.5 0 0.714 0.112 0.012 Red On
3 0 0.714 0.112 0.012 Red On
9 0 0.714 0.112 0.012 Red On
12 0 0.714 0.112 0.012 Red On
3 1.5 0.714 0.112 0.012 Red On
9 1.5 0.714 0.112 0.012 Red On
12 1.5 0.714 0.112 0.012 Red On
9 3 0.714 0.112 0.012 Red On
12 3 0.714 0.112 0.012 Red On
12 9 0.714 0.112 0.012 Red On
Table 4
Simulation result when V* < V-
vt V- Vo Ig I Colour of indicator to Alarm
(V) (V) (V) (A) (A) be light on
1.5 0 0.013 0 0 Green Off
3 0 0.013 0 0 Green Off
9 0 0.013 0 0 Green Off
12 0 0.013 0 0 Green Off
3 1.5 0.013 0 0 Green Off
9 1.5 0.013 0 0 Green Off
12 1.5 0.013 0 0 Green Off
9 3 0.013 0 0 Green Off
12 3 0.013 0 0 Green Off
12 9 0.013 0 0 Green Off
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Fig. 7. Waveform of the input, output and reference voltage when V* > V-
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In this simulation exercise, the reference voltage is fixed and the value is within 1.984 — 1.985
Volts. The input voltage can be varied by changing the potentiometer. Based on the simulation
results, the value of output voltage depends on the comparator output averaging at 0.714 Volts and
0.013 Volts for V+ > V- and V+ <V-, respectively.
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Fig. 8. Waveform of the input, output and reference voltage when V* <\

3.2 Experimental result

All electronic components are arranged according to the simulation circuit as shown previously
in Figure 3 and has been tested in the laboratory. The potential and reference voltage were
determined prior to conducting the experiment. It was recorded that the potential and reference
voltage are 4.77 V and 1.98 V, respectively. These two values are slightly lower than the actual value
(5 V and 2 V) which perhaps, could be due to losses in circuit connection. Since multi meter cannot
be connected in series between the output of the comparator and the base of the transistor,
therefore a 1 Q shunting resistor is connected in series between the output of the comparator and
the base of the transistor. Then, the voltage drop across the resistor is measured using volt meter.
Based on the measurement result, it was observed that the value of output voltage is depending on
the comparator output varies between 0.750 to 0.753 V and 0.012 to 0.013 V for V+ > V- and V+ <V-
, respectively.

Table 5
Experimental result of the alarm circuit when V>V~
vt(7), V~=(6), Vol(1), Colour of indicator to be light on Alarm
\Y V \Y
4.734 1.9843 0.754 Red On
4.201 1.9840 0.754 Red On
4,571 1.9840 0.754 Red On
3.954 1.9840 0.754 Red On
3.49 1.9840 0.753 Red On
3.21 1.9830 0.753 Red On
2.93 1.9840 0.753 Red On
2.67 1.9840 0.753 Red On
2.34 1.9840 0.753 Red On
2.03 1.9840 0.750 Red On
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Note that no base and collector current were recorded during the experiment since the aim of

this study is only to test the validity of the circuit design and not measuring the current.

Table 6
Experimental result of the alarm circuit when V<V~
Vt(7), V~—(6), Vol(1), Colour of indicator to be light on Alarm
\Y Vv \Y
1.887 1.9840 0.012 Green Off
1.752 1.9840 0.013 Green Off
1.650 1.9840 0.013 Green Off
1.569 1.9840 0.012 Green Off
1.576 1.9840 0.013 Green Off
1.456 1.9840 0.013 Green Off
1.305 1.9850 0.013 Green Off
1.106 1.9840 0.013 Green Off
0.846 1.9840 0.013 Green Off
0.585 1.9850 0.013 Green Off
0.240 1.9840 0.013 Green Off
0 1.9840 0.013 Green Off

4. Conclusion

The alarm circuit for lightning warning system has been successfully designed and tested. It is

shown that the circuit manage to function accordingly based on the desired situation and able to
trigger alarm when a thunderstorm approaches. Therefore, it is expected that the outcome of this
project will benefit the public in reducing the number of lightning injuries and fatalities in Malaysia.
Some effort to incorporate the design to an actual lightning antenna system for real time
measurement is not shown in this paper and the work is still in progress.
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