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  ABSTRACT 

THE EFFECTS OF LIGHTNING DISCHARGES ON  

CONTROL & COMMUNICATION CABLES AND ANTENNA SYSTEMS 

 

Civil, Anıl 

M. S., Department of Electrical and Electronics Engineering 

Supervisor: Prof. Dr. Osman Sevaioğlu 

Co-supervisor: Prof. Dr. Mirzahan Hızal 

 

 

December 2014, 63 pages 

 

In this work, lightning discharges and their effects on control & communication 

cables and antenna systems are investigated. The mechanism of lightning is 

described in detail and electric and magnetic fields created by lightning discharges 

are examined. An experimental test setup is designed and implemented in order to 

observe induced voltages on cables or antennas caused by lightning discharges. Test 

results are compared with each other and discussed in detail. Also, they are compared 

with theoretical findings. Effects of induced voltages on certain systems are studied. 

Moreover, some precautions to avoid the harmful effects of lightning are suggested. 

 

Keywords: Lightning, lightning discharge, induced voltage, control cables, 

communication cables, antennas 
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ÖZ 

YILDIRIM DEŞARJLARININ KONTROL & HABERLEŞME KABLOLARI 

VE ANTEN SİSTEMLERİ ÜZERİNE ETKİSİ 

 

Civil, Anıl 

Yüksek Lisans, Elektrik Elektronik Mühendisliği Bölümü 

        Tez Yöneticisi: Prof. Dr. Osman Sevaioğlu 

       Ortak Tez Yöneticisi: Prof. Dr. Mirzahan Hızal 

 

 

Aralık 2014, 63 sayfa 

 

Bu çalışmada, yıldırım deşarjları ve bu deşarjların kontrol ve haberleşme kabloları ve 

anten sistemleri üzerindeki etkisi araştırılmıştır. Yıldırım mekanizması detaylı bir 

şekilde anlatılmış ve yıldırım deşarjlarının oluşturduğu elektrik ve manyetik alanlar 

incelenmiştir. Yıldırım deşarjları sebebiyle kablolar ve antenler üzerinde endüklenen 

gerilimleri incelemek üzere bir test düzeneği tasarlanmış ve kurulmuştur. Test 

sonuçları ayrıntılarıyla incelenmiş ve birbirleriyle karşılaştırılmıştır. Ayrıca bu 

sonuçlar teorik bulgular ile karşılaştırılmıştır. Endüklenen gerilimlerin bazı sistemler 

üzerine etkileri anlatılmıştır. Ek olarak, yıldırımların oluşturduğu bu gerilimlerin 

zararlı etkilerinden kaçınmak için alınabilecek bazı tedbirler önerilmiştir. 

 

Anahtar Kelimeler: Yıldırım, yıldırım deşarjları, endüklenen gerilimler, kontrol 

kabloları, haberleşme kabloları, antenler 
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CHAPTER 1 

1. INTRODUCTION 

1.1. The Mechanism of Lightning 

Lightning is an electrostatic discharge between the electrically charged cloud and the 

earth surface. It is a natural phenomenon that can be very harmful. This dangerous 

incident occurs in the atmosphere 40-50 times in a second or nearly 1.4 billion times 

per year [1]. Therefore, it is an important phenomenon which must be investigated. It 

is not possible to examine lightning effects without analyzing the mechanism of 

lightning. Detailed information about each step of the mechanism of lightning is 

given below.  

Strong winds are generated due to temperature variations in the atmosphere. Water 

droplets in the air are electrified by friction due to these strong winds. This 

electrification yields charge centers in the clouds. Positive charge centers are at the 

top and negative charge centers are at the bottom of the cloud [2]. Positive charges in 

the cloud are separated from the negative charges by strong winds. A positive charge 

center in a cloud may come close to a negative charge center in another cloud 

yielding cloud-to-cloud lightning which is beyond the scope of the thesis. 

An ionized air channel is initiated from a negatively charged region in the 

thundercloud. This channel is called the leader channel. It is a conductive channel of 

partially ionized gas. Leader channels travel away from densely charged regions. 

Negatively charged leaders proceed towards the earth. These leaders usually split and 

form branches in a tree-like pattern [18]. Moreover, they travel in discrete steps. As 

the channel grows longer, its resistance increases. As a result, sufficient amount of 

negative charge cannot flow through the channel. Electric field decreases and 

ionization stops at this point. As time goes on, electrons accumulate at the tip, 

electric field increases, ionization starts again and the leader channel advances 
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another step [14]. Photo ionization in the vicinity leads branching in the leader 

channel. 

When a stepped leader approaches the ground, the presence of opposite charges on 

the ground enhances the strength of the electric field. The electric field is strongest 

on grounded objects whose tops are closest to the base of the thundercloud and who 

have sharp tips that results in electric field densification, such as tall buildings and 

trees. If the electric field is high enough, a positively charged ionic channel, called a 

positive or upward streamer, can develop from these points. As a downward leader 

connects to an initiated upward discharge, a low-resistance path is formed and a very 

strong discharge takes place. Once this path connects the ionized air between the 

positive surface charges and the negative charges in the cloud, a very high current of 

positive charges flows through the ionic channel towards the thundercloud. This is 

called the return stroke. This is the most visible part of the mechanism of lightning. 

This first stroke is followed by several secondary strokes. Once a negative charge 

center is neutralized, charge distribution in the cloud changes. Another negative 

charge center which is present in a nearby cloud moves towards the channel. This 

negative charge center is neutralized by another stroke. This huge flow of charge 

between the earth and the cloud heats the surrounding air, yielding an explosive 

expansion of the air which causes a shockwave and a loud noise which is called 

thunder.  
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Figure 1-1 Development of cloud-to-ground lightning flash (adapted from [3]) 

1.2. Motivation 

Lightning has some direct effects to the point it strikes. Due to its high voltage 

impulse characteristics, lightning causes electrical breakdowns on the material. The 

material is damaged thermally as well. It leads to burnt and darkened areas at the 

place it hits. In addition, as lightning current flows through impedances like cables, a 

potential difference is generated on it that causes the insulation material to 

breakdown. If lightning current flows through a tree or a building, animals or people 

around may be harmed due to this potential difference. 
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Lightning has also indirect effects that are the main focus of this thesis. Lightning 

discharge causes rapidly changing electric and magnetic fields that result in 

electromagnetic pulse (EMP). EMP can cause permanent or temporary damages. It 

can harm integrated circuits and some electronic equipment on electronic devices 

like computers. Lightning impulse occurs in microseconds which mean 

electromagnetic waves that have a frequency in the order of MHz are generated. 

Consequently, these electromagnetic waves interrupt the antenna systems. 

Power systems can also be affected by lightning strikes. There are a lot of examples 

of lightning strikes that results in power outages. The most notable power outage is 

the one in New York City in July, 1977. A lightning strike caused a nuclear power 

plant to shut down. A second lightning strike led two important transmission lines to 

knock out. These incidents resulted in 26 hours of power loss affecting nine million 

people [4]. This power loss yielded looting and vandalism. Studies show that this 

damage cost about $300 million [5]. 

In this study, direct or indirect lightning hit experiments are conducted and outcomes 

are analyzed. 

1.3. The Aim of Thesis 

Lightning is an everyday phenomenon which has direct and indirect effects for 

electronic systems. A typical lightning can have millions of volts and amperes of 

≤200kA [8], [14]. It is well known that as an object is hit by lightning it is damaged 

electrically and thermally. If this object is an electrical cable or an antenna, as in the 

experiments, the system which is connected to this cable or antenna is subjected to 

very large amount of voltages. In this case, there is not so much thing to protect the 

electrical system. Some experiments are conducted in order to analyze this case. 

However, it is not the main focus of this thesis. Indirect lightning strikes and their 

effects on electrical systems are the main interest of ours. Academic researches about 

indirect lightning effects are given and compared to the experimental results 

throughout the thesis. Induced voltage levels are discussed to verify whether they are 

harmful for electrical systems.  
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In order to completely analyze lightning effects; one must deeply study the 

mechanism of lightning because lightning is a very complex phenomenon. Since, we 

put emphasis on the induced voltages caused by indirect lightning; the parts of the 

mechanism of lightning that result in induced voltages must be focused. The induced 

voltage caused by indirect lightning hit has mainly two components: 

1) The charges in the clouds and mostly in the leader channel induce charges on the 

cables and antennas. As the charges in the leader channel are neutralized by the 

return stroke, these bound charges are released yielding travelling waves. 

Detailed information about this phenomenon is given in 2.2.1. In order to observe 

and test these electrostatically induced voltages, high voltage impulses are 

applied to the cables and antennas. 

2) The rate of change of current in return stroke creates a magnetically induced 

voltage. High current impulses are applied to the cables in order to analyze 

magnetically induced voltage. 

1.4. Outline of Thesis 

This section gives brief information about the topics covered and the thesis chapters.  

Starting with this chapter, the mechanism of lightning is introduced and a problem 

definition is made. Motivation for choosing the topic is also explained. Importance of 

lightning effects on cables and antennas are discussed. In addition, the aim of this 

work is stated and the reason for choosing this topic is remarked. 

Chapter 2 provides the theoretical analysis and test results about lightning discharge 

effects on control and communication cables. High voltage and high current impulses 

are applied directly and indirectly to the cables. Their results and possible effects to 

the electrical systems are discussed in this chapter. Theoretical analysis and test 

results are also compared. 

Chapter 3 details indirect effects of lightning on antenna systems. High voltage 

impulses are applied indirectly to antennas and their effects are discussed in this 

chapter. Induced voltages due to charges on leader channel of lightning are 
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examined. Their possible effects to the electrical system are studied. Some protection 

equipment is suggested to effectively clip off the induced voltage.   

Finally, in Chapter 4, the thesis is concluded with a summary of the work done. The 

reasons to choose the topic of the thesis are detailed and the contributions of this 

study are explained. Moreover, the precautions for induced voltages caused by 

lightning discharges are illustrated. 
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CHAPTER 2 

2. THE EFFECTS OF LIGHTNING DISCHARGES ON CONTROL AND 

COMMUNICATION CABLES 

Electrical systems are connected with cables. Therefore, induced voltages on these 

cables directly affect the systems. In order to analyze the induced voltages, lightning 

impulses are applied directly or indirectly to these cables. Moreover, theoretical 

analysis and test results are compared. Details are given in the following sections. 

2.1. Test Configuration 

High voltage and high current impulse experiments are conducted in order to 

investigate high electric fields, high magnetic fields and electromagnetic field effects 

generated by lightning discharges. 

The voltage impulses used in the tests are generated by a multi-level voltage impulse 

generator (8 levels, 1000kV, and 30kJ). This generator is charged with (-80x7) kV 

throughout the experiments. A metal rod is placed to the experiment setup in order to 

stand for the leader channel. A wire fence is laid to the floor for grounding. Two 

metal boxes are used to represent an electronic system. These boxes have some 

electronic circuits having realistic impedance characteristics. One of the boxes  

(Box A) is placed close to the metal rod where the lightning discharge occurs. The 

other box (Box B), an oscilloscope and an uninterruptible power supply (UPS) are 

placed in a Faraday cage in order not to be affected from the induced voltages on 

power line cables. Our high voltage impulse generator is a generator that is charged 

by a parallel high voltage source. This generator is composed of some sphere gaps 

and some capacitors that discharges in serial form as it is triggered. This structure 

yields fast discharge currents and high frequency electromagnetic waves as it is 

triggered. As the tests conducted without the Faraday cage, it is observed that the 
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electromagnetic waves that the generator produces interfere to the original 

waveform. Experimental setup and the structure of the high voltage impulse 

generator can be seen from Figure 2-1 and Figure 2-2. 

In addition, box A & B are connected with a cable. Our aim is to measure the voltage 

that is induced by the lightning discharge. The UPS is used to supply the 

oscilloscope‘s energy in order not to be affected from the noises coming from the 

mains.  

 

Figure 2-1 High voltage impulse test setup 
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Figure 2-2 Structure of the high voltage impulse generator 

Moreover, a current impulse generator is used to investigate the lightning impulse 

currents that flow through the cables. This generator’s voltage is set to 0-30kV and it 

can give current impulses between 0-20kA that has the form of 8/20µs (8 µs front,  

20 µs tail duration). It is composed of parallel capacitors, a wave shaping inductance, 

a firing gap and a shunt resistor. The structure of the current impulse generator can 

be seen from Figure 2-3.  
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Figure 2-3 Structure of the current impulse generator 

The cable which is used in the experiments is a cable assembly. The datasheet of the 

cable can be seen from Appendix B. 

As lightning hits close to a cable, it will induce voltage on it. This mechanism is 

discussed in detail in 2.2.1. Since these cables are used to connect electrical units and 

systems, induced high voltages reach to these units and systems through the cables. 

These induced voltages can be high enough to damage units or systems. 

Semiconductor devices which are used in electronic circuits in units and systems 

may be harmed because these voltages can exceed the breakdown voltage of these 

semiconductors. Due to these reasons, the effect of indirect lightning strikes on 

control and communication cables is an important area of research. 

2.2. High Voltage Impulse Tests 

These tests aim to investigate the electric field generated by the charges carried by 

the leader channel. Another goal of these tests is to observe the excessive voltages 

due to the induced charges. These induced charges are generated by the charges in 

the leader channel as well. High voltage impulse waveform is set to the form of 

1.2/50μs (1.2μs front, 50μs tail duration) which is defined by the standard IEC 

60060-1 [19]. This waveform can be seen from Figure 2-4. 
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Figure 2-4 Lightning impulse voltage waveform according to IEC 60060-1 (adapted 

from [15]) 

Tests are divided into two categories. One is the case that lightning hits close to the 

cable. The other one is the case that lightning hits the cable. 

2.2.1. When lightning strikes close to the cable 

In this experiment, electric field caused by the charges in the leader channel 

(conductive rod) induces opposite signed charges on the earth surface and cable 

conductors. As the lightning discharge occurs, the induced charges on the earth 

surface neutralize the charges in the leader channel in nanoseconds. This yields the 

induced charges on the cable conductors to be free and moves in both directions. 

Figure 2-5 illustrates this mechanism. 

The test setup can be seen from the Figure 2-6. 
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Figure 2-5 Induced charges on the cable 
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Figure 2-6 High voltage impulse test setup 

The induced voltages are carried by cable shield for shielded cables, inner cable 

conductor for unshielded cables. For shielded cables, induced voltage (and current) 

waves also create voltage waves on inner cable conductors through the transfer 

impedance. Higher induced voltages should be expected for unshielded cables. 

Transfer impedance can be calculated as in Eq. (2.1). 

 

Figure 2-7 Transfer impedance parameters 
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𝑍𝑡 =  
1

𝐿0

𝑉𝑐(0)

𝐼𝑠(𝑍)
                                                           (2.1) 

where Vc(0) is the voltage on the cable shield, Is(Z) is the current flows through the 

shield, and L0 is the length of the cable. 

2.2.1.1. High Voltage Impulse Test Results 

Oscilloscope is supplied from a utility power supply (UPS) and a voltage divider is 

used to measure the induced voltage. The division ratio of this voltage divider is 47. 

That means the actual voltages are 47 times higher than the measured ones. 

Oscilloscope is supplied from a UPS throughout the experiments. Lightning hits a 

point 30 cm close to cable throughout the experiments. 

1) Setup: The cable is connected to both grounded boxes. BNC signal end is not 

connected to the oscilloscope.  

 

Figure 2-8 Oscilloscope screen #1 

This measurement was taken to confirm that the used Faraday cage is effective. 
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2) Setup: The cable is connected to both grounded boxes. BNC signal end is 

connected to the oscilloscope. Probe is not connected to anywhere. 

 

 

Figure 2-9 Oscilloscope screen #2 

This signal is caused by capacitive coupling of electromagnetic waves coming from 

high voltage impulse generator as the breakdown of air between sphere gaps. 

3) Setup: The cable is connected to both grounded boxes. BNC signal end is 

connected to the oscilloscope. Probe is connected to a pin in the electronic 

circuits in box B having realistic impedance characteristics. 

 

Figure 2-10 Oscilloscope screen #3 
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High voltage impulse generator is discharged by breakdown of air between the 

sphere gaps but the discharge between metal rod and wire fence did not occur. This 

signal is the electromagnetic pulse and the induced voltage caused by the impulse 

generator and the charges on cable conductor. 

 

Figure 2-11 Oscilloscope screen #4 

This time, the breakdown between metal rod and wire fence occurred and a second 

signal is observed at the oscilloscope screen. The voltage can be divided into two 

parts. First part is the voltage due to the electromagnetic waves generated by the 

breakdown of the air between sphere gaps of the generator. This voltage will not be 

generated in natural lightning. Second part is generated due to the breakdown 

between metal rod and wire fence. This is the voltage coming from the cable 

conductor induced by the impulse current via magnetic field. The ionization in the 

discharge channel approximately takes 2.8 µs which can be seen from the  

Figure 2-11. 

4) Setup: The cable is connected to grounded box B, but not connected to box 

A. BNC signal end is connected to the oscilloscope. Probe is connected to a 

pin in the electronic circuits in box B having realistic impedance 

characteristics. 
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Figure 2-12 Oscilloscope screen #5 

Since the cable is not connected to box A, the signal reflected from the open cable 

end and measured in the circuits in box B. As can be seen from the Figure 2-12, the 

direct signal is measured first, the reflected signal is measured about 2.5 µs later. 

5) Setup: The cable is connected to both ungrounded boxes. BNC signal end is 

connected to the oscilloscope. Probe is connected to a pin in the electronic 

circuits in box B having realistic impedance characteristics. 

 

 

Figure 2-13 Oscilloscope screen #6 
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As the box A is not grounded, cable conductor and the box A itself acts as an antenna 

and high voltage is observed at the measurement end. This case can be seen from the 

Figure 2-13. 

These experimental results can be extrapolated in order to calculate the voltage that 

50m (d1) away, 200kA (I1), 1.2/50μs shaped lightning induces. The discharge current 

for the high voltage impulse generator used is 140A (I2). Since it is charged to  

-560kV (-70 x 8 levels) and its current is limited by 4kΩ resistor. The experiments 

are conducted as impulse voltages applied 30cm (d2) close to the cable. Induced 

voltage is linearly dependent to distance.  

The highest induced voltage is for the sixth experimental configuration. Therefore, it 

is convenient to take this voltage value (1.75V) into account (Vind). Hence, the 

induced voltage for a 50m away, 200kA, 1.2/50μs shaped lightning can be calculated 

as in Eq. (2.2) and Eq. (2.3). Remember that the voltage division ratio of capacitive 

voltage divider is 47. 

𝑉 = 47 𝑥 𝑉𝑖𝑛𝑑 𝑥 (
𝐼1

𝐼2
)  𝑥 (

𝑑2

𝑑1
)              (2.2) 

𝑉 = 47 𝑥 1,75 𝑥 (
200000

140
)  𝑥 (

0.3

50
) = 705 𝑉           (2.3) 

This voltage is high enough to damage some electronic equipment. It may exceed the 

breakdown voltage of some semiconductor devices and cause them burn out.  

2.2.2. When lightning strikes directly the cable 

If a lightning directly strikes a cable, very high voltage is generated on it. In these 

experiments, metal rod that represents the leader channel is put close to the cable in 

order to have the lightning directly hit the cable. A metal needle is stuck to the cable 

to guarantee that the lightning hit the cable, nowhere else. The reason behind sticking 

the metal needle is to dense the electric field on the top of the needle and attract the 

lightning. Moreover, the needle ensures that the lightning impulse voltage get 

through to the cable conductor. Cables are damaged in these experiments due to very 

high voltages and energy. Test setup can be seen from Figure 2-14 and Figure 2-15. 
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Figure 2-14 Test setup of direct high voltage impulse test 

 

Figure 2-15 Test setup of direct high voltage impulse test 
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In this case, since the voltage generated in the cable shield is very high, it jumps to 

the ground in a short time. Generated voltage on the inner cable conductor can jump 

to the ground as well and little part of this voltage can reach to the measurement end. 

2.2.2.1. High Voltage Impulse Test Results 

Oscilloscope is supplied form a utility power supply (UPS) and a capacitive voltage 

divider is used to measure the induced voltage. The division ratio of this voltage 

divider is 3385. That means the actual voltages are 3385 times higher than the 

measured ones. Oscilloscope is supplied from a UPS throughout the experiments. 

1) Setup: The cable is connected to both grounded boxes. BNC signal end is 

connected to the oscilloscope. Probe is connected to a pin in the electronic 

circuits in box A having realistic impedance characteristics. 

 

Figure 2-16 Oscilloscope screen #7 

Induced voltage for this configuration is measured as about 2.5V as in Figure 2-16. 

That means induced voltage on the cable is 3385 times 2.5 which is 8,46kV. This 

induced voltage travels through the cable and reaches the system. As a result, 

electronic equipment is damaged due to this high voltage. 
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2) Setup: The cable is connected to both boxes. While box A is grounded, box B 

is not. BNC signal end is connected to the oscilloscope. Probe is connected to 

a pin in the electronic circuits in box A having realistic impedance 

characteristics. 

 

Figure 2-17 Oscilloscope screen #8 

Induced voltage for this configuration is measured as about 3.5V as in Figure 2-17. 

That means induced voltage on the cable is 3385 times 3.5 which is 11,85kV. This is 

even higher voltage value than the first configuration resulting in damaged electronic 

system. 

2.2.3. Electric Field Measurements 

Electric field nearby a lightning discharge can reach to 3.10-6 V/m [21]. An 

experimental setup is designed in order to measure the electric field due to lightning 

discharges. A D-dot sensor, which is manufactured by Montena Inc, with the type 

number SFE3-5G is used in these experiments. This sensor can be seen from  

Figure 2-18. 
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Figure 2-18 D-dot sensor (adapted from [23]) 

D-dot sensors are calibrated dipole antennas and designed to measure the derivative 

of electric field. Since it is a dipole antenna, the voltages that are measured by this 

sensor can be correlated to the ones measured in Chapter 3. This sensor does not 

measure static electric field. Time varying electric field that is generated by the EMP 

effect of lightning are measured by using D-dot probe. Unstable outputs of the D-dot 

sensor is stabilized by a balun and connected to 1MΩ input of the oscilloscope via an 

integrator. 

 

Figure 2-19 D-dot sensor connection diagram (adapted from [22]) 

 Equivalent circuit for D-dot sensor can be seen from Figure 2-20. 

 

Figure 2-20 Equivalent circuit for D-dot sensor (adapted from [22]) 

Induced charges on the D-dot sensor flow through the impedance of the system. The 

current created by the D-dot sensor is proportional to the equivalent surface area of 

the sensor and the derivative of the displacement of charges. Output voltage of the  

D-dot sensor can be calculated from Eq. (2.4) [22]. 
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𝑉𝑜𝑢𝑡(𝑡) = 𝑅𝑠𝐴𝑒𝑞
𝜕𝐷(𝑡)

𝜕𝑡
                                                    (2.4) 

As an integrator is connected to D-dot sensor, the voltage measured by the 

oscilloscope is formulated by Eq. (2.5) [22]. 

𝑉𝑜𝑢𝑡(𝑡) =
𝑅𝑠𝐴𝑒𝑞𝜀0𝐸(𝑡)

𝑅𝑖𝐶𝑖
                                                        (2.5) 

where Rs is the impedance seen by the sensor (50Ω),  

Aeq is the equivalent surface area,  

RiCi is time constant of the integrator, 

ε0 = 8.854 x 10-12 AsV-1m-1, 

D is the electric displacement. 

Time constant of the integrator used in the experiments are given as 1μs and the 

equivalent surface of D-dot sensor is given as 2.10-3 m2 by the manufacturers. 

Therefore, Vout(t) and E(t) can be found as: 

𝑉𝑜𝑢𝑡(𝑡) = 885,4𝑥10−9 𝐸(𝑡)                                                (2.6) 

Eq. (2.6) yields: 

𝐸(𝑡) = 1,13𝑥106 𝑉𝑜𝑢𝑡(𝑡)                                                        (2.7) 

At first step, D-dot sensor is disconnected to the system in order to measure the noise 

on sensor cable due to firing of generator. This noise is ignored for measurements 

and can be seen from Figure 2-21. 
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Figure 2-21 Noise on sensor cable 

D-dot sensor cable is connected to the system and measurements are taken. The 

sensor is placed 1.5 meter (d2) away from metal rod that represents leader channel. 

Measured waveform can be seen from Figure 2-22. 

 

Figure 2-22 Output voltage of D-dot sensor 

Since high voltage impulse generator is negatively charged, electric field is also 

negative. Maximum value of output voltage of D-dot sensor is -70mV. Electric field 

can be calculated using Eq. (2.7) as 79.1 KV/m. 
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The relation between electric field, discharge intensity and measurement distance can 

be analyzed. Value of average electric field created by discharge is given in  

Eq. (2.8). 

𝐸𝑎𝑣 =
𝑉

𝑑
                                                                    (2.8) 

where V is the voltage and d is the distance. 

Electric charge and current subjected to lightning discharge is given in Eq. (2.9) and 

Eq. (2.10) respectively. 

𝑄 = 𝑉. 𝐶𝑑𝑖𝑠                                                                (2.9) 

𝐼𝑑𝑖𝑠 =
∆𝑄

∆𝑡
                                                                  (2.10) 

where Cdis is the capacitance between the ground and discharge channel & 

conductors. Idis is the discharge current. This current is 140A (I2) for the high voltage 

generator used. Since it is charged to -560kV (-70 x 8 levels) and its current is 

limited by 4kΩ resistor. ∆t is constant and very close to 50μs since the impulse 

voltage is 1.2/50μs shaped. Consequently, there is a linear relation between current 

and electric charge flowing. Moreover, electric field caused by electric charges is 

inversely proportional to square of distance. 

Therefore, electric field created 50m (d1) away by a 200kA (I1), 1.2/50μs shaped 

lightning can be calculated. Remember that d2 is 1.5 meter. 

𝐸 = 𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  𝑥 (
𝐼1

𝐼2
)  𝑥 (

𝑑2

𝑑1
)

2

         (2.11) 

𝐸 = 79.1 𝑥 (
200000

140
)  𝑥 (

1.5

50
)

2

= 101.7 kV/m                           (2.12) 

Electric field which is calculated in Eq. (2.12) is created by lightning discharge, not 

by the static charges in metal rod. This is the electric field at the point that is 50m far 

away from lightning.  
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Electric field in various distances and lightning magnitudes can be calculated in a 

similar way. Hence, since there is a linear relation between electric field and induced 

voltage on cables around as in Eq. (2.8), there will be a similar magnification for 

induced voltages as well in a real lightning discharge phenomenon. 

2.2.3.1. Comparison of Test Results with Academic Background 

The experiments show that electric field created 50m away by a 200kA lightning is 

101.7 kV/m (or 1,017 x 105 V/m). Previous studies prove that this is a convenient 

result. Electric fields of 200kA lightning are measured with different measurement 

types between 1969 and 1981 by various scientists. As can be seen from Figure 2-23, 

typical values of electric fields are close or equal to 1 x 105 V/m which are so close 

to experimental results [6]. 

 

Figure 2-23 Measured electric fields 

There are a lot of studies to formulate the electric field caused by lightning. Since the 

mechanism of lightning is very complex, the formulation of electric field generated 

by lightning discharge is complex as well which can be solved by using computer 

programs [16], [17]. 
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2.3. High Current Impulse Tests 

In these tests, magnetic fields effects and some destructive effects of lightning 

impulse current are investigated. Direct or indirect strikes are analyzed throughout 

the experiments. Magnitude of lightning impulse current used in experiments is 

10kA. This waveform is set to the form of 8/20μs (8μs front, 20μs tail duration) 

which is defined by the standard IEC 60060-4-5 [20]. The waveform can be seen 

from Figure 2-24. 

 

Figure 2-24 Lightning impulse current waveform according to IEC 60060-4-5 

(adapted from [15]) 

Some magnetic field measurements are taken and correlations between real lightning 

discharges are examined. 

2.3.1. Indirect High Current Impulse Tests 

Induced voltages caused by induced charges due to lightning discharges are 

measured in these experiments. Time derivative of magnetic field are also measured 

during experiments. In order to measure that, a sensor is designed and implemented. 

This sensor is an air core coil whose radius is 7.75 mm and it has 13 turns. This 

sensor can be seen from Figure 2-25. 
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Figure 2-25 Sensor used to measure time derivative of magnetic field 

Induced voltage of the coil and derivative of magnetic field can be calculated as in 

Eq. (2.13) and Eq. (2.14) respectively. 

𝑉𝑐𝑜𝑖𝑙 = −
𝜇0𝑛𝐴

2𝜋𝑟

𝑑𝑖

𝑑𝑡
                                                      (2.13) 

𝑑𝐻

𝑑𝑡
=

1

2𝜋𝑟

𝑑𝑖

𝑑𝑡
                                                                (2.14) 

where µ0 is the vacuum permeability, n is the number of turns, A is the area, and r is 

the radius of the coil. 

Therefore, dH/dt can be rewritten as in Eq. (2.15) 

𝑑𝐻

𝑑𝑡
= −

𝑉𝑐𝑜𝑖𝑙

𝜇0𝑛𝐴
                                                 (2.15) 

Hence, 

𝑑𝐻

𝑑𝑡
= −𝑉𝑐𝑜𝑖𝑙 𝑥 0.324 𝑥 109 A/m/s                        (2.16) 

Induced voltage due to magnetic field is proportional to the derivative of magnetic 

field. Therefore, if derivative of magnetic field is calculated using measured induced 

voltage, induced voltages can be calculated as distance and lightning current differs 

at the same value of derivative of magnetic field. 
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Maximum induced voltage is measured as 400mV in the experiments as can be seen 

from Figure 2-30. This voltage is measured when the sensor is 1 m away from 

lightning discharge. As derivative of magnetic field is calculated from Eq. (2.16)  

 

using measured induced voltage value, 
𝑑ℎ

𝑑𝑡
  value can be found as 0.13x109 A/m/s. 

Table 2-1 gives coefficients related to lightning current and distance that will be used 

to calculate induced voltages. 

Table 2-1 Induced voltage calculation coefficients 

                             

Lightning                                   

Current 

       Distance 

20kA 50kA 100kA 200kA 

50 m 0.34 0.85 1.7 3.4 

10 m 1.7 4.25 8.5 17 

5 m 3.4 8.5 17 34 

1 m 17 42.5 85 170 

2.3.1.1. Indirect Current Impulse Test Results 

1) Sensor cable is disconnected to the sensor and shorted to its shield in order to 

observe noise caused by current impulse. That noise can be seen from  

Figure 2-27. 

 

Figure 2-26 Current impulse noise measurement test setup 
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Figure 2-27 Current impulse noise 

2) Sensor is placed vertically and current impulse is applied nearby. 

 

Figure 2-28 Vertical magnetic field measurement test setup 
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Figure 2-29 Vertical magnetic field measurement 

Since lightning current flows vertically, magnetic field due to this current is 

horizontal. Horizontal magnetic field does not induce voltage on vertically placed 

sensor. Some high frequency voltages are observed at Figure 2-29. These are noises 

coming from current impulse generator. 

3) Sensor is placed horizontally and current impulse is applied nearby. 

 

Figure 2-30 Horizontal magnetic field measurement 
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Horizontal magnetic field is created due to lightning current that flows vertically. 

Electromagnetic effects of a lightning are described as in Table 2-2 in MIL-STD-

464C standard. These descriptions are for lightning having 200kA peak current level 

and striking 10m nearby. 

Table 2-2 Electromagnetic fields from near strike lightning 

Magnetic field rate of change at 10 meters 2.2x109 A/m/s 

Electric field rate of change at 10 meters 6.8x1011 V/m/s 

Lightning indirect effects waveform characteristics described in MIL-STD-464C can 

be seen from Table 2-3. 

Table 2-3 Lightning indirect effects waveform characteristics 

 

As peak rate of current rise ( 
𝑑𝑖
𝑑𝑡 

 ) of A component is taken as 1.4 x 1011 as in  

Table 2-3 and distance (r) is selected as 10 m, derivative of magnetic field ( 
𝑑𝐻
𝑑𝑡 

 ) can 

be calculated as 2.2 x 109 A/m/s as in Table 2-2. 

2.3.2.  Direct High Current Impulse Tests 

These experiments are conducted in order to observe the effects of electromagnetic 

waves caused by lightning that hits the system directly. High current impulses are  
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applied directly to the cables and current waves are measured in these tests. The 

impulse current applied to the cables has a 10 kA peak value. Test setup can be seen 

from Figure 2-31. The structure of current impulse generator can be seen from  

Figure 2-3. 

 

Figure 2-31 High current impulse test setup 

High current impulse generator is charged to -20kV and current wave is measured 

from the 0.82mΩ shunt resistor. Measured impulse current wave can be seen from 

Figure 2-32. 



34 

 

 

Figure 2-32 Impulse current wave 

The peak value of the measured wave is observed to be 8V. Therefore peak current 

can be calculated as in Eq. (2.17). 

𝐼𝑝𝑒𝑎𝑘 =
8𝑉

0.82𝑥10−3Ω
= 9,76 𝑘𝐴     (2.17) 

2.3.2.1. High Current Impulse Test Results 

A capacitive voltage divider is used to measure the voltages on cables. Division ratio 

of this voltage divider is 47. That means the actual voltages are 47 times higher than 

the measured ones. 

1) Setup: The cable is connected to both grounded boxes. Box A is in the 

Faraday cage, Box B is outside the Faraday cage. 
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Figure 2-33 Oscilloscope screen #9 

2) Setup: Box A grounded while Box B does not. Box A is in the Faraday cage, 

Box B is outside the Faraday cage. 

 

 

Figure 2-34 Oscilloscope screen #10 

Measured voltage is 32,25V for the first test setup while it is 124.7V for the second 

test setup. As a result, it is observed that not grounding the system outside almost 

triples the measured voltages. 
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Maximum measured voltage for 10kA, 8/20μs shaped direct high current impulse is 

124.7V. Remember that the voltage division ratio of capacitive voltage divider is 47. 

𝑉 = 47 𝑥 124,7 𝑥 (
200000

10000
)  = 117.2 kV                  (2.18) 

Calculated voltage in Eq. (2.18) is a very high voltage for an electronic system. If 

this high voltage travels through the cables and reach the electronic system, it will 

definitely cause damage. 

High current impulses harm the cables used. This damage can be seen from  

Figure 2-35. 

 

Figure 2-35 Damaged cable 
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CHAPTER 3 

3. THE EFFECTS OF LIGHTNING DISCHARGES ON ANTENNA SYSTEMS 

An antenna is an electrical instrument that converts electromagnetic waves into 

electrical power, and vice versa [7]. A typical antenna consists of metallic 

conductors. Therefore, antennas are sensitive to lightning. Lightning discharge 

creates electromagnetic waves and these waves induce voltage on antennas. Since 

antennas are connected to electrical units on a system, there is a risk for an electrical 

unit to be damaged due to high induced voltages. 

If one investigates the mechanism of lightning which is described in 1.1, s/he will see 

that electrical charges in thunderclouds reach to the tip of leader channel and whole 

leader channel is filled by electrical charges in exponentially increasing fashion from 

the top to the bottom [13]. In other words, more electrical charges are present at the 

bottom tip of the leader channel. These charges create an electric field around the 

channel yielding induced voltages on antennas around them. As return stroke is 

initiated, large amount of current flows between the clouds and the ground. This 

current creates magnetic field that also induce voltages on antennas. However, 

induced voltage due to this current is beyond the scope of this thesis. Induced 

voltages due to the charges in the leader channel just before the return stroke are the 

main focus of the thesis. 

In order to analyze induced voltages on an antenna some simulations and 

experiments are designed. Their details are given in the following sections. 

3.1. Simulation of lightning effects on antennas 

Before carrying out the experiments, some simulations of these experiments are 

made by using the program Ansys Maxwell 15.0. It is electromagnetic field 

simulation software which uses finite element analysis to solve static, frequency-
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domain, and time-varying electromagnetic and electric fields. A geometry which is 

similar to the one in Figure 3-9 is drawn using the simulation program. The antenna 

is simulated as a cylinder with 0.3cm radius that is placed to 2.5m, 5m and 7.5m far 

away to leader channel (metal rod for the experiments). Another cylinder with 1 cm 

radius and 3m length is placed to stand for leader channel. This cylinder is divided 

into four because the charges in the leader channel are not distributed equally. In 

fact, they are increasing exponentially towards the bottom tip of the leader channel. 

Therefore, each cylinder has a different charge. These charges are calculated as in 

Eq. (3.6) and Eq. (3.7). 

Let’s analyze the real lightning first. The lightning leader channel can be regarded as 

a charged conductor, whose charge density at a height h is given as Eq. (3.1) [13]. 

𝑄ℎ =  𝑄𝑜𝑒−𝛽ℎ   (C/cm3)         (3.1) 

Assume that thundercloud is at the height of 2500m with a leader channel extending 

downwards to 50m above the ground. Since the charge density is exponentially 

increases downwards, fewer charges present on higher portions of the leader channel 

when compared to lower portions. Assume that all of the charges are distributed to 

lower 300m part of the leader channel. The total charge q0 on the leader channel is 

given as in Eq. (3.2). 

𝑞0 = 𝑄0 ∫ 𝑒−𝛽ℎ𝑑ℎ
ℎ2

ℎ1
     (3.2) 

where h1=50m (or 5.103cm), h2=350m (or 35.103 cm) and β=10-5 

𝑞0 = 𝑄0  ∫ 𝑒−𝛽ℎ𝑑ℎ
35.103

5.103     (3.3) 

From which, 

𝑞0 = −
𝑄0

𝛽
 [

1

𝑒0.35
−

1

𝑒0.05
]    (3.4) 

Let us assume that total charge in the leader, q0, is equal to 1 coulomb because 

approximately 50% of lightning has a charge of 1 coulomb [14]. Then, Q0 is 

calculated as in Eq. (3.5). 
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𝑄0  =  4,0566. 10−5  C/m                  (3.5) 

Therefore, total charge between 50-125m portion of the leader channel is calculated 

as in Eq. (3.6). 

𝑞50−125 = 𝑄0  ∫ 𝑒−𝛽ℎ𝑑ℎ
125.102

5.103     (3.6) 

Therefore, 

𝑞50−125 = 0.2787 𝐶      (3.7) 

The total charges in 125-200m, 200-275m and 275-350m can be calculated in a 

similar way. Remember that, leader channel is extending downwards to 50m above 

the ground. 

Table 3-1 Total charges in the leader channel portions 

Height (m) Total charge (C) 

50-125 0.2787 

125-200 0.2588 

200-275 0.2401 

275-350 0.2223 

3.1.1. Simulation Results 

The geometry which is used in the simulation is given in Figure 3-1. In addition to 

the cylinders with pink color, there is a ground plane laid on XY plane. This ground 

plane is assigned to zero voltage. Reference of all voltages in simulation is this 

ground plane. The length of antenna is 70cm and it is 2.5m far away from the metal 

rod for the geometry in Figure 3-1. 



40 

 

 

Figure 3-1 Simulation geometry 

A lightning that has a total charge of 1 coulomb also has a current of approximately 

20kA. The high voltage impulse generator which is used in experimental setup to 

measure the induced voltage on an antenna is charged with 360kV (6 x 60kV). This 

generator discharges to the ground via 4kΩ resistor (experimental setup can be seen 

from Figure 3-9). Therefore, this discharge has a current of 90A which is 0.0045 

times less then real lightning current. Since the geometry of experimental setup is 

used in simulation, the total charges must be extrapolated to experimental values. 

The values that are used in simulation can be seen from Table 3-2. 

Table 3-2 Total charges in the metal rod portions 

Height (cm) Total charge (C) 

50-125 1.254 x 10-3 

125-200 1.165 x 10-3 

200-275 1.0804 x 10-3 

275-350 1.0003 x 10-3 

Voltage and electric field due to the charges in metal rod can be seen from Figure 3-2 

and Figure 3-3. Note that, there is an exponentially increasing trend towards to the 

bottom tip of the metal rod. 
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Figure 3-2 Voltage due to the charges in the metal rod 

 

Figure 3-3 Electric field due to the charges in the metal rod 

The charges in the metal rod induce voltage on the antenna. Induced voltage on 70cm 

antenna which is 2.5m far away from the metal rod can be seen from Figure 3-4. 

Antenna is zoomed in to observe how much voltage is induced on it. Induced voltage 

on the antenna is simulated to be 3.19V. Since the antenna is a conductive metal rod, 

induced voltage is the same everywhere on it.  
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Figure 3-4 Induced voltage on 70cm antenna which is 2.5m far away from the metal 

rod 

Induced voltage on 40cm antenna which is 2.5m far away from the metal rod can be 

seen from Figure 3-5. Induced voltage on the antenna is simulated to be 1.91V. 

 

Figure 3-5 Induced voltage on 40cm antenna which is 2.5m far away from the metal 

rod 

Induced voltage on 20cm antenna which is 2.5m far away from the metal rod can be 

seen from Figure 3-6. Induced voltage on the antenna is simulated to be 0.97V. 
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Figure 3-6 Induced voltage on 20cm antenna which is 2.5m far away from the metal 

rod 

Note that, there is a linear relationship between the induced voltage and the length of 

antenna. This is because the capacitance between antenna and the ground changes 

linearly as antenna gets longer. 

Induced voltage on 20cm antenna which is 5m far away from the metal rod can be 

seen from Figure 3-7. Induced voltage on the antenna is simulated to be 0.43V. 

 

Figure 3-7 Induced voltage on 20cm antenna which is 5m far away from the metal 

rod 
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Induced voltage on 20cm antenna which is 7.5m far away from the metal rod can be 

seen from Figure 3-8. Induced voltage on the antenna is simulated to be 0.13V. 

 

Figure 3-8 Induced voltage on 20cm antenna which is 7.5m far away from the metal 

rod 

3.2. Lightning Impulse Voltage Tests 

The voltage impulses used in the tests are generated by a multi-level voltage impulse 

generator (8 levels, 1000kV, and 30kJ), same as in 2.1. This time, generator is 

charged with (-60x6) kV throughout the experiments. A metal rod is placed to the top 

of the capacitive voltage divider in order to stand for the leader channel. A metal 

plate is laid to the floor for grounding. Test setup can be seen from Figure 3-9, 

Figure 3-10, and Figure 3-11. 



45 

 

 

Figure 3-9 High voltage impulse test setup 

 

Figure 3-10 High voltage impulse test setup 
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Figure 3-11 High voltage impulse test setup 

Antenna is placed 2.5, 5, and 7.5m near lightning discharge throughout the 

experiments in order to observe the effect of distance. In addition, antenna length is 

set to 20, 40 and 70 cm to examine the effect of antenna length on induced voltage. 

1) Setup: Antenna is 2.5m far from discharge channel 

Induced voltage can be seen from Figure 3-12 as antenna length is 20cm. This 

voltage wave can be analyzed in 3 parts. First part is a voltage wave with high 

frequency that is observed at the beginning. This is the induced voltage due to the 

electromagnetic waves caused by the breakdown of air between spark gaps of the 

generator. There is no such thing in natural mechanism of lightning, so this voltage 

with high frequency can be ignored. There is a second high frequency voltage at the 

end which is the third part of the wave. This part is present due to the 

electromagnetic waves caused by the breakdown of the air between the tip of metal 

rod and grounded metal plate. This is the return stroke in natural mechanism of 

lightning which is present in real lightning. However, this part of the induced voltage 

is beyond the scope of the thesis. There is a voltage wave between these high 

frequency parts. This part is the main focus of the thesis because this voltage is 

induced by the electric field due to the charges in metal rod (leader channel in natural 

lightning). This voltage wave has the 1.2/50µs impulse shape only with a 2901 times 
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less magnitude. 2901 is the division ratio of the capacitive voltage divider. Induced 

voltage is 0.85V (which is simulated to be 0.97V using Ansys Maxwell) just before 

the breakdown of the air between metal rod and grounded metal plate. 

 

Figure 3-12 Induced voltage on 20cm antenna 

As the length of antenna is doubled, induced voltage on antenna is doubled to 1.7V 

(which is simulated to be 1.91V using Ansys Maxwell) as well. Induced voltage on 

40cm antenna can be seen from Figure 3-13. In fact, induced voltage is 3.5 times 

larger (3V) (which is simulated to be 3.19V using Ansys Maxwell) when antenna is 

3.5 times longer. Induced voltage on 70cm antenna can be seen from Figure 3-14. 

These results show that as antenna length gets larger, induced voltage increases. 
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Figure 3-13 Induced voltage on 40cm antenna 

 

Figure 3-14 Induced voltage on 70cm antenna 

2) Setup: Antenna is 5m far from discharge channel 

Induced voltage can be seen from Figure 3-15 as antenna length is 20cm. 0.4V 

(which is simulated to be 0.43V using Ansys Maxwell) is induced just before the 

breakdown of the air between metal rod and grounded metal plate. 
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Figure 3-15 Induced voltage on 20cm antenna 

3) Setup: Antenna is 7.5m far from discharge channel 

Induced voltage can be seen from Figure 3-16 as antenna length is 20cm. About 

0.15V (which is simulated to be 0.13V using Ansys Maxwell) is induced just before 

the breakdown of the air between metal rod and grounded metal plate. 

 

Figure 3-16 Induced voltage on 20cm antenna 
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For a 20cm (L2) antenna, 0.85V (Vind) is induced when discharge channel is 2.5m 

(d2) far away from it. Discharge current is 90A (I2) for the high voltage generator 

used. Since it is charged to 360kV (60 x 6 levels) and its current is limited by 4kΩ 

resistor. The relationship between induced voltage and distance is discussed in 

2.2.1.1. Therefore, induced voltage on a 1.5m (L1), 50m (d1) away antenna by a 

200kA (I1), 1.2/50μs shaped lightning can be calculated. 

𝑉 = 𝑉𝑖𝑛𝑑 𝑥 (
𝐿1

𝐿2
)  𝑥 (

𝐼1

𝐼2
)  𝑥 (

𝑑2

𝑑1
)         (3.8) 

𝑉 = 0.85 𝑥 (
1.5

0.2
)  𝑥 (

200000

90
)  𝑥 (

2.5

50
) = 708.3 𝑉      (3.9) 

This voltage is high enough to damage some electronic equipment. It may  

exceed the breakdown voltage of some semiconductor devices and cause them to 

burn out. 

3.3. Induced Voltage Protection 

Various protective equipment like varistors and zener diodes are connected between 

ground signal end of the antenna in order observe the protection performance of 

them. 70 cm antenna was 2m far away from the generator that is charged to 480kV 

(80 x 6 levels). 

Induced voltage is 15V as can be seen from Figure 3-17 when there is no protection 

equipment. 
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Figure 3-17 Induced voltage when there is no protection 

Induced voltage can be seen from Figure 3-18 as a 3.3V zener diode is connected 

between ground signal end of the antenna. It is observed that zener diode responses 

immediately and clips off the induced voltage at 3.3V. Some oscillations are 

observed at clipping point because of cable inductance and stray capacitance between 

the antenna and the ground. These oscillations are damped due to resistance of 

cables. Although zener diode responses very fast, it cannot clip off the high 

frequency voltage caused by the breakdown of generator’s spark gaps. 

 

Figure 3-18 Induced voltage with 3.3V zener diode 
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Induced voltage can be seen from Figure 3-19 as a 5.6V zener diode is connected 

between ground signal end of the antenna. 

 

Figure 3-19 Induced voltage with 5.6V zener diode 

Induced voltage can be seen from Figure 3-20 as a 5.6V varistor is connected 

between ground signal end of the antenna. The varistor cannot clip off the voltage at 

5.6V although its rated voltage is 5.6V. It is because varistors are not as fast as zener 

diodes. Induced voltage is present on the antenna for 6µs and the varistor cannot 

response that fast. Therefore, it is concluded that varistors are not suitable electronic 

equipment for induced voltage (due to lightning) protections for antennas.   

 

Figure 3-20 Induced voltage with 5.6V varistor 
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CHAPTER 4 

4. CONCLUSION 

Lightning has always aroused the interest of people since it is a powerful, visible and 

impressive natural phenomenon. First studies about lightning are made by Benjamin 

Franklin in 1774 [9]. Modern research on lightning physics began in 1916 by  

C. T. R. Wilson [10], [11]. The pace of the researches about lightning was steady 

until the 1960s. Solid state electronics devices started to develop in the early 1960s 

and they were vulnerable to lightning-induced voltages. Consequently, scientist 

attached importance to studies on lightning [12]. Researchers have made numerous 

studies on lightning and lightning related topics since then. This thesis is one of those 

studies which focus on the induced voltages on control & communication cables and 

antenna systems caused by lightning discharges. 

Lightning is a discharge of atmospheric electricity that causes a sudden release of 

energy. The mechanism of lightning is a sequence of very complex physical 

phenomena. Although various scientific researches are made, this mechanism has not 

fully well-understood yet. Negative electric charges are present in the leader channel 

just before lightning discharge. Number of charges increases exponentially towards 

the bottom tip of the leader channel as can be seen from 3.1. Electric field is 

generated due to these electric charges whose magnitude is increasing towards the 

bottom tip of the leader channel as well. During return stroke; huge amount of 

current flows between thunderclouds and the ground. Most of the time more than one 

flash is observed which is called multiple strokes. Magnetic field is generated 

because of this huge current. Due to these electric and magnetic fields, induced 

voltages are generated on the conductors around.  

Induced voltages on cables and antennas caused by lightning discharges can be 

dangerous for the system elements that they are connected to. If a system element is 

harmed, whole system may shut down. This is an undesired situation which may 
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become a very serious problem for some critical systems. First aim is to prevent the 

cables and antennas from lightning hit by taking some precautions which is detailed 

below. Despite all precautions, a lightning can hit them directly or indirectly. If the 

cables or antennas are hit directly by a lightning, there is not much to do to protect 

the system. Very high voltages exist in the cable or the antenna in this case. If this 

voltage does not jump to the ground from the cable or the antenna before reaching 

the system, it will definitely cause damage. If a lightning hit a point which is close to 

the cables or antennas, it will induce a voltage on them. This induced voltage will 

directly reach to the system they are connected to. It is not high enough to jump to 

the ground, but high enough to damage the system. 

In order to measure electric and magnetic field created by lightning discharge, high 

voltage and high current impulse experiments are conducted. High voltage and high 

current impulses are applied to cables directly or indirectly. High voltage impulse 

tests led us to measure the electric field created by a lightning discharge. A D-dot 

probe which is designed to measure electric fields is used in these experiments. High 

current impulse tests enabled us to measure the magnetic field due to a lightning 

discharge. An air core coil is designed to sense the current change that led us to 

measure the magnetic field. The results of these experiments are extrapolated to 

obtain the values for a real lightning. Then, these values are discussed whether they 

are harmful for an electrical system, or not. Theoretical values are also compared 

with the ones we obtained. Similar experiments are conducted for antennas. Only 

high voltage impulses are applied to them indirectly. Induced voltage is measured 

and extrapolated as well in this case. The induced voltage values after extrapolation 

is also analyzed and compared to the results obtained from computer simulations. 

Experimental results and simulation outputs are close which proves the reliability of 

the experiments. The simulations are made by software named Ansys Maxwell. It is 

electromagnetic field simulation software which uses finite element analysis to solve 

static, frequency-domain, and time-varying electromagnetic and electric fields. 

Based on the theoretical analyses, simulations and experiments, it is shown that 

lightning discharges induce voltages on cables and antennas which are high enough 

to damage the system they are connected to. Therefore, some precautions must be 

taken to prevent undesired outcomes. In order to protect the cables from lightning 
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discharges, they may be laid down into a metallic channel. This metallic cable 

channel will distribute the lightning current. By doing so, breakdowns and thermal 

damages can be prevented. Metallic channel also act as a Faraday cage. Therefore, 

induced voltage will be reduced. Application examples can be seen from Figure 4-1. 

 

Figure 4-1 Lightning protection examples for control and communication cables 

In order to protect the antennas from lightning discharges, power zener diodes can be 

connected between the ground and the signal end of the antenna. Zener diodes are 

fast enough to clip off the induced voltages due to lightning on antennas. This is 

discussed in detail in 3.3. Another precaution may be to shorten the antennas when 

they are not actively used. Antennas attract lightning less by this way. 

To conclude, lightning is a natural phenomenon that happens frequently. Therefore, 

its effects on control & communication cables and antennas are worth investigating. 

In this thesis, these effects are studied in various ways. Computer simulations are 

made; some experiments are designed and conducted throughout the thesis. In 
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addition, academic researches are scanned and compared to simulations and 

experimental results. After all of these works, it is deduced that direct or indirect 

lightning hits induce high voltages on control & communication cables and antennas. 

These induced voltages are dangerous for systems that the cables or antennas are 

connected to. Therefore, some precautions are necessary. 
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5.  

6. APPENDIX A 

D-DOT SENSOR DATASHEET 
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7.  

8. APPENDIX B 

CABLE ASSEMBLY DATASHEET 

  

 

 


