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A B S T R A C T 

This paper presents a new method to compute the risk of damages due to lightning to a 

Television and Radio Station (TRS). This new method consists of nine steps to 

determine the two risk indices of loss of human life (R1), and loss of service (R2). In 

case the calculated risk values R1 and R2 are higher than the tolerable levels RT1 and 

RT2, respectively, damages caused by lightning are very serious. Therefore, it is 

necessary to choose lightning protection solutions to reduce the risk of loss of human 

life, and the one of loss of service. In addition, the paper proposes a six-step procedure 

for selecting and testing surge protective devices. The proposed calculations are then 

applied to an actual TRS in Vietnam, and some testing results are simulated on Matlab-

Simulink. 

 

1. INTRODUCTION 

Over the past few years, a number of studies have been 

conducted to assess the risk of damages due to lightning to 

buildings [1-6] and TRS [7]. Z. Janklovics also studied the 

place and the role of the power supply in the overvoltage 

protection and risk assessment of damage to TRSs due to 

lightning. The research results showed that a part of the 

risk of damages due to lightning is predicted to be caused 

by power supply lines [8]. In addition, a study of the 

factors influencing the selection and installation of surge 

protective devices (SPD) for low voltage systems in order 

to meet the level of lightning protection determined by the 

length and the characteristics of the connection circuit 

between the SPD and the protected device were also 

presented in [9]. The approaches given in [1-9] could 

conduct to assess the risk of damages due to lightning to 

buildings and TRS. However, the above researches were 

discrete and did not propose a total solution of surge 

protection on power line for structure from the risk 

assessment. Basing on risk assessment, this research 

provides a total solution for selection and installation of 

SPDs to reduce the risk of damage caused by lightning and 

a simulation model is developed to test the response of 

SPDs on power lines.  

In this study, we propose a total solution of surge 

protection on power line for a TRS in Vietnam. Based on 

the calculation of the damage values of the TRS, the paper 

provides a lightning protection solution suitable to the 

characteristics of the TRS. This research focuses on a new 

solution which consists of nine steps to compute the value 

of the risk of loss of human life (R1) and the one of loss of 

service (R2). When these two indices are higher than the 

tolerable values, the TRS must be installed with SPDs to 

reduce the risk of damage caused by lightning. Besides, the 

evaluation of lightning protection performance is achieved 

by simulations on Matlab/Simulink. From these simulation 

results, it is possible to select the SPDs to meet the actual 

requirements of the TRS with a reasonable investment cost. 

The structure of this paper consists of 4 sections. The 

first one is the introduction while the second one presents a 

procedure of calculation of the risks, and selection of SPDs 

on the power line. The next section is written for 

calculating the risks, assessing the damages, and selecting 

SPDs on the power line for the TRS through the procedure 

in the second section. Finally, some conclusions are 

presented at the end of the paper. 

2. A NEW METHOD FOR CALCULATION AND 

SELECTION OF SURGE PROTECTIVE DEVICES 

ON THE POWER LINE 

2.1. Risk assessment procedure for a TRS  

In this section, we propose a new method which consists of 

nine steps to determine the two risk indices of loss of 

human life (R1), and loss of service (R2) based on the risk 

assessment for a TRS as shown in Fig. 1. 

Step 1:  Identify the characteristics, and parameters of 

the TRS to be protected against lightning 

including structure dimensions; height of 

adjacent antenna tower; level of shielding by 

other structure nearby; lightning density; fire 
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protection measures; the number, installation 

method, and length of the service lines 

connected to the structure; existing lightning 

protection equipment, etc. 

Step 2:  Calculate the risk components for the structure 

due to direct and indirect lightning strikes. 

From the obtained values, the risks of loss of 

human life R1 and loss of service R2 are 

computed for the structure. 

Step 3:  Compare the values R1 and R2 calculated in 

Step 2 with the tolerable limitations RT1 and 

RT2 suggested in IEC 62305-2 [1]. If the risk 

values R1 and R2 are higher than the tolerable 

ones RT1 and RT2, Step 4 and Step 5 will be 

conducted. On the other hand, the structure is 

protected, and the protection performance of 

the SPDs on the power line is calculated 

according to the procedure in Section 2.2. 

Step 4:  Consider whether the structure is equipped 

with LPS or not. If the structure is not 

equipped with LPS, move to step 6. If the 

structure is equipped with LPS, move to Step 

5. 

Step 5:  Consider whether the structure is equipped 

with SPM on the power line or not? If the 

structure is already equipped with LPS and 

SPM but the risk of loss due to lightning R1 

and R2 is still higher than the tolerable ones, 

move to Step 8 for additional protection 

measures should be taken such as increasing 

the level of LPS, the level of protection, and/or 

the number of SPD. If the structure is not 

equipped with SPM, move to Step 7 

Step 6:  It needs to select an equip suitable LPS and 

move to Step 9. 

Step 7:  It needs to select an equip suitable SPM on the 

power line to reduce the risk values and move 

to Step 9 

Step 8:  It needs to select addition SPM and move to 

Step 9  

Step 9:  Recalculate the new risk values and return to 

Step 3. 

2.2. The selection and testing procedure for SPD  

After assessing the risk due to lightning, the procedure of 

selection and testing the protection performance of SPDs 

consists of 6 steps and as shown in Fig. 2. 

 

 

Note: R1, R2 are respectively the value of risk of loss of human life and the value of risk of loss of service; RT is the tolerable risk value; 

Lightning Protection System (LPS); Surge Protection Measures (SPM). 

Fig. 1: Risk assessment procedure for TRS.
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Select SPD on  power line 

Simulate the response of SPD on the power 

line 

Check the protection voltage:

UP≤(1200+Un), for electrical equipment;

UP≤1.5Un , for electronic devices

Structure protected from the risks of surge 

on the power line

Yes

No

Build the model of electricity 

distribution network 

Select the location of  SPD on power line

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

 

Note: with UP is the protection voltage of the device; Un is the 

nominal voltage of the system. 

Fig. 2: Procedure for selection and testing the protection of 

SPD on the power line. 

 

Step 1: Based on the one line diagram of power lines in 

the structure, a model of the electrical network is 

built on Matlab/Simulink. 

Step 2: Select SPDs on the power lines. 

Step 3: Select the location of the SPDs on the power 

lines including main distribution panel and sub-

distribution panels. 

Step 4: Simulate the response of the SPDs on the power 

lines with a surge generator model with wave 

impulse 8/20us. The lightning current depends 

on the location of the structure corresponding in 

Table 1 [10] and the protection voltage at the 

terminal of the device is examined in each case. 

Step 5: Check the protection voltage UP. The protection 

voltage has to be satisfied the requirements in 

(1) and (2) according to IEC 61643-1 [11] for 

electrical equipment and AS 1768 [3] for 

electronic devices, respectively. The illustration 

of the requirement in AS 1768 is presented in 

Fig. 3. If these requirements are not satisfied, the 

procedure is back to Step 2. 

P nU (1200 U )    (1) 

P nU 1.5U  (2) 

Step 6: Conclusion of the structure is protected 

successfully from the risks of arrival surges 

through the power lines. 

 
Table 1:  Maximum recommended lightning current [10]  

 Exposure level 

Low Medium High 

Building 

environment  

Building 

located in an 

urban or 

suburban 

area of 

grouped 

Housing 

Building 

located in a 

plain 

Building in 

area where 

there is a 

specific risk: 

pylon, tree, 

mountainous 

region, wet 

area or 

pond, etc. 

Maximum 

recom-

mended 

lightning 

current (kA) 

20 40 65 

 

 
Fig. 3: Typical voltage/time tolerance of electronic devices, 

computers [3]. 

3. CALCULATION FOR AN ACTUAL STRUCTURE  

3.1. Characteristics of the actual TRS  

The actual structure investigated in this paper is a TRS in 

Vietnam. This reinforced concrete structure is in an area 

with the lightning flash density of 13.7 strikes/km
2
/year 

[12] and without any higher structures nearby. The steel 

antenna tower is 4m away from the station, and it has the 

height of 50m.  

The lengths of the power and telecom lines connected to 

the station are 500m and 1000m, respectively. 

358 



Q.-T. Le et al. / GMSARN International Journal 15 (2021) 356-362           357 

 

Table 2:  Parameters and characteristics of TRS 

Parameter Symbol Value 

Ground flash density 

(flashes/km2/year) 
Ng 13.7 

Structure dimension (m) L×W×H 15×10×10 

Antenna tower height (m) Hanten 50 

Location factor CD 1 

Protection measures pB 0.02 

Coordinated SPDs PEB 0.01 

Shield at external structure 

boundary 
KS1 

1 

Type of floor rt 10-3 

Probability of a dangerous 

discharge based on structure type 
Ps 0.2 

Probability that lightning will 

cause a shock to animal or human 

being outside the structure due to 

touch and step voltage. 

Ph 0.01 

Protection measures PTA 10-2 

Protection against touch voltages PTU 10-2 

Risk of fire rf 10-3 

Fire protection rp 0.2 

Shield at internal structure 

boundary 
KS2 1 

Hazard HZ 2 

Loss of 

human 

life1 

Due to touch and step 

voltage 
LT 10-2 

Due to physical 

damage 
LF 10-2 

Due to failure of 

internal system 
LO - 

Loss 

loss of 

service 

Due to physical 

damage 
LF 10-2 

Due to failure of 

internal system 
LO 10-2 

 

The lightning protection system (LPS) is already 

installed, and the telecom lines are designed with SPM. 

However, the power line is not protected by SPM. 

The TRS should be assessed with the risk of loss of 

human life and the one of loss of service due to lightning to 

select SPD on the power line. 

3.2. Assess the risk of damage due to lightning for TRS  

Step 1: Identify the characteristics and parameters of 

the structure to be protected. 

Step 2: Calculate the risk values due to lightning R1 

and R2. The obtained results are presented in 

Table 3.  

Step 3: It is observed that the value of risk R2 is higher 

than the tolerable level RT2 in IEC 62305-2 [1]. 

Step 4: The structure was installed with LPS class I. 

Step 5: The structure is not installed with SPM on the 

power line, hence step 7 is carried on. 

Step 7: Select SPD with LPL (Lightning Protection 

Level) class II. 

Step 9: Recalculate risk values after installation of the 

SPD. The results are in Table 4. 

 
Table 3: Risk values before installation of SPD 

Calculated risk 

values 

The tolerable risk 

values 

Comparison 

results 

6
1R 3.8 10   5

T1R 10  1 T1R R  

2R 0.054  3
T2R 10  

2 T2R R  

 
Table 4: Risk values after installation of the SPD 

Calculated risk 

values 

The tolerable 

risk values 

Comparison 

results 

8
1R 6.64 10   5

T1R 10  1 T1R R  

2R 0.00022  3
T2R 10  2 T2R R  

 

It is obvious that the risk values R1 and R2 are less than 

tolerable ones RT1 and RT2, respectively in IEC 62305-2 

[1]. Therefore, the structure is verified to be protected 

based on the estimated risk of damage due to lightning.  In 

addition, the protection performance of SPD on the power 

line is validated in the next subsection. 

3.3. Select and test the protection performance of SPD on 

the power line 

Step 1:  Based on the single line diagram of power line 

for the TRS, the devices are in the station, 

building the distribution network model in the 

Matlab as shown in Fig. 4. 

Step 2:  A SPD class I with rated voltage of 275V and 

rated current of 40kA or 70kA is selected to 

installed at the essential main switch board. 

Besides, at the AC main switch board, a SPD 

class II with rated voltage of 275V and rated 

current of 25 or 40kA is chosen. 

Step 3:  Choose the location of SPD on the power line 

at the essential main switch board (EMSB) and 

the main switch board (MSB). 
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Fig. 4: Power distribution network simulation diagram in Matlab-Simulink. 

 

Step 4:  Simulate the response of the SPD on the power 

line and inspect the protection voltage of the 

load. Because the lightning density of the area 

is 13.7 strikes/km
2
/year, a surge current of 

8/20μs and 40kA is considered in the 

simulation without SPD. The protection 

voltages at the loads are shown in Table 5, and 

their waveforms are displayed in Fig.5 and 

Fig. 6. 

Step 5:  From the simulation results in Table 5, there 

are some critical points. The protection voltage 

values across AC and DC loads are 386000V 

and 460V, respectively. Both of these voltages 

are higher than the tolerable levels of 1430V 

for AC load and 72V for DC one. These 

limitations are calculated using un-equations 

(1) and (2). Therefore, it is necessary to install 

a SPD to protect electronic devices against 

surge on the power line. 

Back to step 2: A SPD class I is installed at the EMSB 

with rated voltage of 275V and rated current of 

40kA, or 70kA, or 100kA. In addition, a SPD 

class II is required at the MSB with rated 

voltage of 275V and rated current of 25kA, or 

40kA, or 70kA. 

Step 3:  The selected SPDs are located on the power 

line at the EMSB and the MSB, and their 

models are added in the simulation network. 

Step 4: The modified network is simulated with a surge 

current of 8/20μs and 40kA. The protection 

voltage values at the loads are summarized in 

Table 6 and 7. Besides, the protection voltage 

waveforms across the loads are presented in 

Fig. 7 and Fig. 8. 

 

 

 

 

Table 5: The protection voltage simulation values at loads, 

without SPD 

Rated current 

amplitude 

8/20µs (kA) 

The peak of 

protection voltage 

across AC load 

(V) 

The peak of 

protection voltage 

across DC load 

(V) 

40 386000 460 

 

 
Fig. 5: Protection voltage waveform across AC load when 

SPD is not installed. 

 

 
Fig. 6: Protection voltage waveform across DC load when 

SPD is not installed. 
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The simulation results in Table 6 has showed that the 

highest protection voltage value is 1117V when installing 

SPD class I of 40kA and SPD class II of 25kA. On the 

other hand, the lowest protection voltage value is 950V 

when installing SPD Class I of 100kA and SPD class II of 

70kA. In both cases, the protection voltages are lower than 

the limitation of 1430V. Therefore, the solution using SPD 

class I of 40kA and SPD class II of 25kA is chosen because 

the protection effect for the loads is satisfied with the 

lowest investment cost. 

 
Table 6: The protection voltage values at the AC load when 

SPDs are installed at the essential main switch board and 

main switch board 

Rated 

curren

t am-

plitude 

8/20µs 

(kA) 

 

Volt-

age 

toler-

ance 

of 

MOV 

(%) 

SPD class I SPD class II 

Rated 

volt-

age of 

MV 

(V) 

Rated 

cur-

rent of 

MV  

(kA) 

The 

peak of 

protec-

tion 

voltage 

across 

the load 

(V) 

Rated 

voltage 

of 

MOV 

(V) 

Rated 

current 

of 

MOV  

(kA) 

The 

peak of 

protec-

tion 

voltage 

across 

the 

loads 

(V) 

40 10 275 40 1775 275 
25 1117 

40 1070 

40 10 275 70 1660 275 

25 1089 

40 1061 

70 1011 

40 10 275 100 1410 275 

25 1008 

40 976 

70 950 

 

 

 

Fig. 7: Protection voltage waveform at the AC load when 

surge current of 8/20μs and 40kA is injected at the power line. 

 

 

 

 

 

Table 7: The protection voltage simulation values across the 

DC loads when SPD are installed at the EMSB 

Rated 

voltage of 

MOV (V) 

(SPD class I) 

Rated 

current 

of MOV 

(kA) 

Voltage 

tolerance 

of MOV 

(%) 

Rated 

current 

amplitude 

8/20µs 

(kA) 

The peak 

of pro-

tection 

voltage 

across the 

load 

(V) 

275 40 10 40 63.7 

275 70 10 40 63.7 

275 100 10 40 63.7 

 

 

Fig. 8. Protection voltage waveform at the DC load when the 

surge current of 8/20μs and 40kA is injected at the power line. 

 

Comment: The simulation results in Table 7 show that 

the protection voltage across the load is 63.7V when in-

stalling the SPD class I with rated currents of 40kA, 70kA, 

and 100kA. The obtained voltage is lower than the 

limitation of 72V. Therefore, the installation of SPD class I 

with rated current of 40kA at the EMSB is the most 

suitable solution. 

Step 5: The final solution is installing SPDs class I 

and class II with rated voltage of 275V and 

rated currents of 40kA and 25kA, respectively. 

Step 6: The structure is fully protected from surges on 

the power line. 

4. CONCLUSION 

This paper proposes a total solution of surge protection on 

power lines for TRS in Vietnam. A new method which 

consists of nine steps to determine the two risk indices of 

loss of human life (R1), and loss of service (R2) is 

developed based on the risk assessment for a TRS. The 

effectiveness of the new proposed approach is then verified 

on an actual TRS in Vietnam. The simulation results show 

that the selection of the parameters and location of SPD 

based the proposed method on the power lines to meet the 

actual requirements of the TRS with a reasonable 

investment cost. 
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