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Abstract 
This paper analyzes the current density distribution in OPGW 
cables subjected to lightning conditions using Maxwell’s 
equations discretized by the numerical method known as “body of 
revolution – finite difference time domain” (BOR-FDTD) using 
the “Perfectly Matched Layer” (PML) as absorbing condition. 
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1. Introduction 
With the increasing demand for energy and the growing need for 
data transmission, a higher level of reliability in electrical and 
telecommunications systems is required. As a result, companies are 
improving their products and services, planning and expanding new 
technologies in their facilities. 

The optical cables were usually installed buried in the ground. 
Aiming at cost reduction, the OPGW technology was developed, 
which substitutes the conventional ground wire, providing both 
protection against lightning to the transmission lines and a channel 
for data transmission. 

The study on OPGW cables under lightning conditions is important 
because of the high incidence of atmospheric discharges in Brazil, 
which can damage the cables and cause the failures to the electric 
power systems. 

The goal of this paper is to calculate the current density distribution 
on the cross section of different cables under lightning conditions. 

2. The OPGW Cable 
The structure of the OPGW cable is basically formed by a dielectric 
core, where the optical fibers are located, an aluminum tube that 
protects the fiber package, and a frame formed by conductor wires. 
These wires that form the frame can be made of aluminized steel, 
galvanized steel or aluminum alloy [1]. 

To evaluate the behavior of the current density in the wire and allow 
for a simple analysis and computational implementation, the 
structure was modeled as being formed by three homogeneous 
layers, as shown in Figure 1. 

Layer 1 represents the dielectric core with the optical fibers; layer 2 
is the aluminum tube and layer 3 is the cable’s frame, which is 
normally made of galvanized steel. 

 
Figure 1. Cross-section for the model of the OPGW 

 

3. Lightning Analysis 
Lightning is a phenomenon that consists of a high intensity electric 
discharge occurring in the atmosphere, which happens due to the 
electrification of the clouds in thunderstorms. Its destructive power 
is enormous, being one of the major causes for damaging the 
OPGW cables, as observed in many systems [2]. 

When the OPGW is hit by lightning three effects may take place: 

1. The cable suffers minor damage and, after inspection, it 
can continue operating normally; 

2. The cable suffers severe damage and needs to be repaired. 
Such procedure usually uses repair rods, which makes the 
procedure expensive; 

3. The cable suffers irreversible damage and needs to be 
replaced, making the incident even more expensive. 

The atmospheric discharge can damage both the metallic wires 
which constitute its frame, and its optical fibers core, damaging the 
protection system for power lines, as well as the data transmission 
system. Therefore, the study of such cables is important to prevent 
electrical energy and communication systems from failure. 

Figure 2 shows an OPGW that was stroke by lightning. 
 



 
Figure 2. OPGW cable damaged by lightning 

 

Knowing that an important parameter of lightning is its current 
waveform, an analytical expression to simulate the discharge by 
means of the Heidler Function was used, in which their variables 
can be adjusted independently [3]. Figure 3 shows an example of 
this function. 
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Figure 3. Heidler Function 

 

The Heidler Function is represented by the analytical expressions of 
equations 1 and 2, which reproduce with a very good 
approximation the curves of return current of an atmospheric 
discharge. 
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and: 

I0 – current amplitude; 

τ1 – constant related to the current wave-front time; 

τ2 – constant related to the current wave-drop time; 

η – amplitude´s correction factor; 

n – power (2 to 10). 

The constants I0, τ1 and τ2 were chosen based on typical values of 
the discharge waves found in the literature [4]. 

Other important parameters are the wave times, such as: wave-front 
time, half- wave time and total discharge duration: 

 Wave-front time is the time between the beginning of the 
discharge current pulse until the value of its first peak; 

 Half-wave time is the elapsed time from the beginning of 
the discharge current pulse until a 50% reduction of its 
first peak value; 

 Total discharge duration is the elapsed time from the 
beginning of the discharge current pulse until it equals 
zero. 

To run the simulations for the current impulses some wave-front 
time and total discharge duration values were chosen, based on 
values found in the literature [4]. 

4. The BOR-FDTD Method 
The use of numerical techniques to solve electromagnetic problems 
has become very common due to the increase of the computers 
processing capacity. 

One of the most widely used methods is the finite difference time 
domain (FDTD), which solves Maxwell´s Equations in the time 
domain. Since in this work, the object of study is a structure with 
rotational symmetry, cylindrical coordinates were used associated 
with the "body of revolution” technique (BOR) because this requires 
less computer memory and its implementation is simpler than 
FDTD in cylindrical coordinates without the use the BOR. 

The BOR-FDTD method is a bi-dimensional formulation of the 
FDTD using cylindrical coordinates The fields with azimuthal 
dependence are expressed as a Fourier Series and, since the 
azimuthal variations are analytic accounted for, there is no 
discretization in the φ -direction. 

The electromagnetic fields in the φ  direction are given below: 
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where: 

m –number of modes; 

u – Fourier coefficient of cosine dependence; 

v – coefficients of sine dependences. 

The derivation for the updating equations of the BOR-FDTD comes 
from the Maxwell´s Rotational Equations. 
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where: 



ε - electric permittivity; 

µ - magnetic permeability; 

σe - electric conductivity; 

σm - magnetic conductivity. 

The body of revolution time-domain finite difference method 
consists of the discretization of the partial derivatives of Maxwell’s 
Rotational Equations. These partial derivatives are substituted by 
algebraic approximations, based on the central derivative definition. 
The time is also discretized and the components of the electric and 
magnetic fields are updated alternately at each time step using the 
“leapfrog” technique [5], as shown in Figure 4. 

 
Figure 4. The "Leapfrog" technique: interspersed 

distribution in time and space of the component for one-
dimension propagation of the Yee algorithm [5] 
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where: 

n – time index; 

i - cell position in the radial direction; 

j - cell position in the z direction; 

∆t – time discretization; 

∆z – spatial discretization in the z direction; 

∆r - spatial discretization in the radial direction. 

The spatial and temporal index of the discretized equations follows 
the Yee cell displacement for cylindrical coordinates [5]. Figure 5 
shows the relationship of the components in the plane r-z. 

 
Figure 5. Field components spatial relations near the z 

axis [5] 
 

The absorbing boundary condition was implemented by the “split-
field PML” technique in BOR-FDTD algorithm [5]. 

5. Results 
To validate the developed program, a comparison was made with 
the results of [1] using a 200 kHz sinus waveform as excitation. This 
comparison is shown in Figure 6. 
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Figure 6. Comparison between the current density 
distribution obtained by the present method and the 

analytical method of reference [1] 

 

The code was implemented in FORTRAN 77 language for cables of 
different radii. The radii of the simulated cables are 5.66 mm and 
7.47 mm, and the spatial discretization ∆r = ∆z = 0.4533x10-3. The 
parameters shown in Table 1 were considered for each layer. 

 

 

Table 1. Cable parameters 

Layer Material Conductivit
y (S/m) 

Relative 
permittivity  

Relative  
permeability

1 Silica 0 3.8 1 
2 Aluminum 3.96×107 1 1 
3 Steel 0.2×107 1 1 
 

In the BOR-FDTD implementation, the cable was modeled in the r-
z plan, as shown in Figure 7, being nz the number of cells 
representing the cable length, and nx the number of cells 
representing the cable radius. 

 
Figure 7. Cable implementation in the r-z plane 

 

The results of the current density shown in Figures 8 and 9 were 
obtained from the simulation of two different cables, applying 
discharge pulses with durations of τ1 = 0.7 µs and τ2 = 105 µs 
through the Fourier Transform, considering a frequency range 
ranging from 0.1 MHz to 1.5 MHz. 

For each of the analyzed cables, the aluminum and the steel layer 
thicknesses were varied according to the values specified in Tables 
2 and 3. The applied current was normalized for a faster 
convergence of the algorithm. 

Table 2 shows the current density Ja obtained for the cable 
considering the thickness of the aluminum layer equal to that of 
steel, and for the Jb and Jc cases, the aluminum and steel layers 
have different thicknesses: for Jb the aluminum layer is thicker than 
that of steel, and for Jc the steel layer is the thickest one. In Table 3 
Ja, Jb and Jc are also shown, however with the thicknesses of the 
aluminum and the steel layers different from each other. 

It is observed from Figures 8 and 9 that the current density is 
distributed along the cross section of the cable and it has a higher 
concentration in the aluminum layer, regardless of the thickness of 
the aluminum layer being bigger or smaller than that of the steel 
layer. This is due to the fact that the aluminum layer has a greater 
conductivity than the steel layer. 

 
Table 2. Thickness for each layer of the 5.66 mm radius 

cable 
Current 
density 

Layer 1 Layer 2 Layer 3 

Ja 2.04 mm 1.81 mm 1.81 mm 
Jb 2.04 mm 2.26 mm 1.36 mm 
Jc 2.04 mm 1.36 mm 2.26 mm 
 

Figure 8. Current densities for a 5.66 mm radius cable 

 
Table 3. Thickness for each layer of the 7.47 mm radius 

cable 
Current Layer 1  Layer 2 Layer 3 



density 
Ja 2.94 mm 1.36 mm 3.17 mm 
Jb 2.94 mm 2.72 mm 1.81 mm 
Jc 2.94 mm 1.81 mm 2.72 mm 
 

 
Figure 9. Current density for a 7.47 mm radius cable 

 

6. Conclusion 
This paper evaluated the behavior of current density distribution in 
the OPGW cable subjected to a lightning pulse, using the BOR-
FDTD method. 
The results showed that the current density is distributed with higher 
concentration in the aluminum layer, due to its larger conductivity. 
The magnitude of the current varies with the thickness of the layer, 
a thinner layer having a larger intensity than a thicker layer. 
Therefore, the results show the importance of proper scaling the 
thickness of the aluminum layer, to avoid having a very high current 
concentration in a thin layer, thereby damaging the cable when 
subjected to lightning strokes. 
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