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Abstract— Solar power generation is increasing 

dramatically because of environmental friendly and 

available energy source compared to other renewable 

energy sources. One of the major threats of expansion of 

solar power system is lightning damage. So, the induced 

voltage on power condition system (PCS) of solar power 

system due to different places of nearby lightning strike is 

analyzed using electromagnetic field analysis approach, 

and the cause of damage of system is investigated. It is 

found that the maximum induced voltage change per unit 

distance is observed 5kV changing strike point vertically 

from the prescribed point, and minimum voltage is 

observed for horizontal changes. In addition, the induced 

voltage is found excessive at high rate of rise time of 

lightning strike currents. The induced voltage is studied 

with the help of FDTD method. Virtual Surge Test Lab 

(VSTL) is used for FDTD calculations, which solve 

Maxwell’s electromagnetic equations with minimum 

approximations.  The model of solar power system was 

represented with thin wire, which is a good 

approximation of power line and steel frame. 
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1. Introduction  

 Power generation by solar panel is increasing 
sharply in Bangladesh because of instinctive 
installation of panel, cost effectiveness, and getting 
continuous power. Bangladesh has a plan to 
produced power commercially by solar panel in near 
future due to dearth of conventional energy sources 
[1, 2]. Therefore, it is encouraged to install solar 
panel to produce power from solar radiation. This 
growth can be maintained with proper investigation 
of protection system for solar panel.   

Lightning induced overvoltage in the line of solar 
panel can be cause of damaging photovoltaic 
generator and its supplementary electrical and 
electronic equipment in the operating system [3]. In 
the case of large solar power system, which is 
installed in the field under the open sky, there is a 
possibility of inducing high voltage in the DC line of 
photovoltaic panel due to lightning that leads to the 
damage of PCS equipment and/or junction box [3]. 

The knowledge of induced voltage of an engineer 
can protect the solar panel and its ancillary 
equipment from destruction of a system. 

In numerous researches, lightning induced 
phenomena has been considered intensively [4-7], 
and it was found its typical behavior, although 
specific problems are not anticipatable for particular 
incidents. Lightning induced voltage on solar power 
system was investigated in Yokoyama and  Benesova 
work [8, 9]. They concluded that lightning voltage is 
proportional to peak value of lightning current. M 
Hossain and Ahmed [10-12] have shown lightning 
induced voltage in between line to line is 
proportional to the object height on which lightning 
has stroked, and also demonstrated underground 
cable is compatibly less affected than on ground 
cable. Mourad has investigated the induced voltage 
of solar power system by direct strike on solar panel 
and has found line to PCS voltage is 1000kV at 
resistivity 100Ωm [13]. In his study, it was 
recommended to use arrester in the lines to protect 
the PV panel. In order to enhance the solar 
protection system, lightning induced voltages is 
necessary for further study to design solar power 
system for secure, reliable, and economical 
operation. 

In practical situation, most of the incident 
occurred in the system was identified due to indirect 
lightning effect [14]; therefore, it suggests that the 
indirect lightning effect should study rigorously to 
design a system appropriately. In Japan, it is found 
that 24.8% of the overall PV system has been 
damaged due to lightning effect [15]. The lightning 
induced phenomena mainly depend upon the 
velocity of electromagnetic field of return stroke 
along the striking line [16-18].  

The computations were done using the 3-
Dimensions finite difference time domain (FDTD) 
method [19] which solves the Maxwell’s equations 
directly. This method can effortlessly handle 
dielectrics and conductors, and is applied to surge 
analysis in many fields [14, 17]. Induced voltages of 
horizontal wires were calculated by integrating the 
electric field from the ground plane to the conductor 
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height. In this paper, DC wire and frame of solar 
panel is represented with thin wire model [20], and 
frequency dependency of soil is not considered. This 
paper analyzed the induced voltage of line to PCS 
and line to line due to nearby lightning distance 
changes. For more comprehension, this paper is 
divided into mainly 3 parts where 1st part describes 
methodology, 2nd part illustrates modeling and 
simulating of solar power system, and last part 
discusses the results of simulation. 

2. Analysis Methodology 

Virtual Surge Test Lab (VSTL) [21, 22], which 
was developed by Central Research Institute of 
Electric Power Industry (CRIEPI), code used FDTD 
method to solve electromagnetic surge related 
propagation problems. The VSTL code is verified 
with practical values in numerous papers [21] [23, 
24]. The VSTL code is capable of handling non-
linear elements and thin conductor, which are 
difficult task in the FDTD method. The results of 
this software depend on total space, cell size, time 
step, and boundary condition. It represents physical 
and geometrical mean rather than circuit. The cell 
size in this method should not surpass λ/10, where λ 
is the wavelength corresponding to the highest 
frequency in the excitation.  

Electric field and magnetic field are calculated as 
the root-mean-square value of the two tangential 
components and as the absolute value of the normal 
component in the section respectively. The voltage 
difference can be defined across a side of the cell as 
V=E∆s, because waves of which the wave length is 
shorter than λ=2Δs do not present in the FDTD 
calculation due to the bandwidth limitation of Δs. 
Induced voltages of horizontal wire were computed 
by integrating the electric field from the ground 
plane to the conductor height, and current is 
calculated by applying Ampere's Law which gives 
relation between current and magnetic field. 

Lightning stroke channel ensuring a return stroke 
current (0.25/100μs) with magnitude 50kA, 
recommended by IEC [25] keeping propagation 
velocity of return stroke is 1/3 of the speed of light 
[26, 27], is represented by engineering model built in 
VSTL.  

3. Analysis Model 

Fig. (1 and 2) shows analytical model of indirect 
lightning effect on solar system in VSTL; where 
height, width, and length of solar panel are 2.5m, 
3m, and 20m respectively. Power Conditioning 
Subsystem (PCS) is placed 17m away from the solar 
panel with 30m long insulated DC cables. Cables are 
insulated by 0.1m thickness having relative 
permittivity 3, separated by 0.1m, and placed under 
1m depth of surface ground. Analysis space in the 
VSTL was taken 35×35×30m in the X, Y, and Z 
direction respectively. Soil is considered up to 10m 

of Z direction with resistivity 50Ωm and relative 
permittivity 10. Liao’s second order absorbing 
boundary condition was established in the six planes 
of analysis space to represent as infinite space [28]. 
Cell size is 10cm in the focusing point of analysis 
space and increased up to 1m. 

 

 Figure 1 Solar power system and lightning 
channel analytical model in VSTL 

 

 Fig. 2 Dimensions of solar panel installation  

 

    Fig. 3 Strike points of lightning, point “O” is 
situated in lightning channel shown in Figure 1 

     Fig. 3 illustrates that lightning strike points for 
analyzing the induced voltage on DC cables of solar 
power system. The point “O” is considered 17m 
away from the solar panel and 22m apart from the 
DC cables. 
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4. Result and Discussion 

Lightning induced voltage of a conductor 
depends on lightning points stroked at nearby places. 
In our analysis, lightning point was considered four 
places to observe each effect of lightning on DC 
cables. The knowledge of induced voltage due to 
lightning can protect the system from damaging by 
using particular shield. Therefore, we examine in our 
study, how the lightning induced voltage is changed 
with respect to different strike points and change of 
rise time of lightning current. 

 

     Fig. 4 Line to PCS induced voltage 
 

 Fig. 4 interprets line to PCS lightning induced 
voltage due to several lightning strike places 
indicated in the Fig. 3. It is shown that lightning 
induced voltage is found highest at strike point O, 
and its maximum magnitude is 84.91kV at 0.587μs 
with oscillation frequency 3.28MHz. Lightning 
stroke at point C is found the next highest 
magnitude, 68.14kV, at 0.58μs. The stroke point A 
and B are result of the two lower magnitudes 
induced line to PCS voltage, as well as its effect on 
induced voltage is observed 59.91kV and 50.90kV at 
time 0.54μs and 0.59μs respectively. The induced 
voltage of line to PCS is varied due to horizontal 
strike point shift from point O to C is 3.354kV/m. 
Due to vertical point shift from point O to A, the 
induced voltage is altered with 5kV/m. The induced 
voltage per unit distance from point O to point B is 
4.81kV. It can be concluded that with the moving 
vertical distance from point O, the induced voltage is 
obtained in high decreasing form among other 
points. The next lower value is observed along 
diagonal of square points. The lowest reduction is 
observed for shifting distance horizontally. 
 It is observed, in Fig. 5, that the line to line 
voltages at panel wiring side have no significant 
changes in magnitude. The maximum induced 
voltage was recorded at point C is 15.46kV at 2.4μs 
with oscillation frequency 12.52MHz. 

 

Fig. 5 Line to line voltage at panel wiring side 

 

 

     Fig. 6 Line to PCS induced voltage due to 

different lightning rise time 
 

 Fig. 6 indicates the change of induced voltage for 
different current rise time in the lightning channel 
model. It is noticed that shortest rise time injected 
current produce high induced voltage with highest 
oscillation frequency in the line and this value is 
approximately 85.197kV at time 0.574μs with 
oscillation frequency 7.55MHz for 0.25μs rise time. 
The next induced voltage is beheld for 0.5μs is 
62.42kV at 0.67μs, where oscillation frequency is 
1.61MHz. For rise time of 1μs, the induced voltage 
at 0.81μs is 43.84kV having oscillation frequency 
1.52MHz.   

5. Conclusion 

The knowledge of lightning induced overvoltage 
in DC cable can solve the specific problems of solar 
power system. The study demonstrates the minimum 
lightning induced voltage change per unit distance 
change is 3.354kV when the lightning strike point is 
shifted horizontally from O to C and the maximum 
induced voltage change per unit distance is observed 
5kV shifting strike point vertically from point O to 
A.  It is also observed that the short rise time 
lightning current produce high induced voltage in the 
DC cables which was measured for 0.25μs is 
85.2kV. It is recommended to install surge 
protection device in the lines to reduce such high 
voltage for uninterrupted operation. 
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