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Abstract— This work presents the development of a new approach of modelling the source
excitation and the penetration of structures by continuous propagating electromagnetic (EM)
plane waves. The technique incorporates the solution of time-dependent Maxwell’s equations and
the initial value problem as the structures are illuminated by the plane waves. The propagation
of waves from source excitation is simulated by solving a finite-difference Maxwell’s equation in
the time domain. Subgridding method is used to condense the lattice at the point of interest
locally for observing field distribution in high resolution. The computational burden due to huge
number of time steps has been eased by employing quasi-static approach. An example of induced
EM fields near an underground pipeline runs parallel to a 132kV overhead power transmission
line (OHTL) has been presented which paves the way in the development of new approach of EM
fields interaction modelling.

1. INTRODUCTION

Finite-difference based on integral formulation [1,2] has been used in the published literature to
improve the accuracy of the finite-difference formulation near the surfaces that does not fit in the
lattice or small objects such as thin wires which alter the electromagnetic field distribution signifi-
cantly. In this case, analytical expressions have been established to express the field near a particular
object for precise evaluation of the integrals. Many researchers in the past have been prompted
to investigate the subgridding technique as an approach to circumventing the problem [3,4]. The
first advantage of using this method is simple to implement for complicated dielectric or metal
structures due to arbitrary electrical parameters can be assigned to each cell on the grid. Second,
the entire computational spaces need not to be discretised with a fine grid as it puts unreasonable
burden on the computer processing time. The ultimate objective of research in this area is to access
the appropriateness of the method in determining the amount of EM penetrating fields between
OHTL and underground utility pipeline. The aim of the present work is to develop the general
code for solving the electric and magnetic fields within arbitrary metal or dielectric structures,
while maintaining a boundary of uncertainty low reflection level in two-dimensional approach.

FDTD technique has been well known over the years of its strength with robust simulation
technique for transient electromagnetic interactions. In this research work, two-dimensional FDTD
technique is used with subgridding to model the utility pipeline and the overhead high voltage
power transmission line. FDTD technique has been applied to the high voltage power transmission
line analysis in the published literature. Dedkova and Kriz [5] proposed a new effective approach
to evaluate the distribution of voltage and current along the nonlinear transmission line by using
FDTD method. An improved technique was proposed by Tang et al. [6] to calculate the transient
inductive interference in underground metallic pipelines due to a fault in nearby power lines. The
frequency-dependent problem in the analysis of transient interference was solved in phase domain
based on FDTD method. Lu and Cui [7] used FDTD method to calculate the wave processes of
voltage and current distributed along the three-phase 500 kV busbars and the power lines without
load in the substation of multi-conductor transmission lines (MTL). The iterative formulas were
presented to determine the boundary conditions at the node of the branches. The work was extended
to transmission line network and non-uniform line [8].

2. METHOD

Figure 1 depicts the cross section and the dimension of a common corridor in which a buried utility
pipeline runs parallel to a 132kV overhead power transmission line. The height from the ground to
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Figure 1: Outline of standard circuit 132kV steel lattice transmission high voltage suspension towers (not
to scale).

the bottom conductors was 15 m. The overhead ground wire was located at the top of the tower. In
this case, the height to the earth surface is 27 m. The phase conductors for the bottom, middle and
top were collocated horizontally with a separation of 4.0m, 4.5 m and 4.0 m respectively between
two adjacent conductors. The three phase steel lattice transmission high voltage suspension tower
was designed with 6 cables. These cables were used as the source signal which propagates inside the
problem space. Each of the 2 cables carries the same phase of the AC current. The simulation was
carried out using the quasi-static FDTD at the transformed intermediate frequency of 460 kHz and
the overall model was then transformed back to the proposed lower frequency of 50 Hz. Quasi-static
approximation was obtained by using the expression [9-11]:
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where E (f) is the resultant internal electric field (V/m), E'(f') is the scaling internal electric
field (V/m), f is the frequency of interest (Hz), f’ is the scaling frequency (Hz), w is the angular
frequency of interest (s71), W' is the scaling angular frequency (s7!), o is the conductivity of the
object (S/m), and ¢’ is the scaling conductivity of the object (S/m). By assuming we (f) < o (f)
and w'e’ (f' < o’ (f'), then Equation (1) can be approximated as follows [9-11]:
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Sinusoidal wave excitation of 460 kHz (A = 652.17m) was applied at each of the power transmission
line cables. The pipeline was separated at a distance of 100 m from the steel lattice suspension
towers and buried 2m beneath the surface of the earth. The soil in the common corridor was
designed to be inhomogeneous. The computational region at the coarse grids was discretised at
a spatial resolution of 2,609 cells per wavelength (Ay = Az = 25cm). Subgridding involves local
mesh refinement in the pipeline and some part of the ground in order to determine the propagation
of the waves inside that area while observing the change in the fields. The computational space for
the main region was 521 cells x145 cells (130.25mx36.25m). The computational space for subgrid
area was 10 cells x10 cells. The ratio of the coarse to the fine grids was 4 : 1.

3. SIMULATION RESULTS

Subgrid technique was validated by illustrating example in Fig. 2. The problem space was excited
by sinusoidal wave source at 1800 MHz. The fields at the same point without subgrid (Fig. 2(a))
and with subgrid (Fig. 2(b)) were observed and compared. In addition, they were found to be
identical to each other as depicted in Fig. 3.
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Figure 2: Problem space: (a) without subgrid, (b) with subgrid.
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Figure 3: The electric field at one point without subgrid (E.) and with subgrid (E.4): (a) when sinusoidal
wave was excited, (b) when gaussian pulse was excited.
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Figure 4: The electric field E, distribution in the main FDTD grid.

The computation efforts can be reduced using quasi-static method due to the largest compu-
tational size was less than 0.2A. The simulation was carried out by assuming normal condition
of OHTL. Fig. 4 illustrates the electric field distribution in the main FDTD grid. The EM wave
propagates from the 6 cables of the suspension tower to the surrounding area of air, ground and the
pipeline. It varies from 1.0 V/km (0dBV /km) to 1.78 x 10° V/km (185dBV /km). The fields inside
the metallic pipeline were found to be zero as depicted in Fig. 5(a) due to the excess electrons at
the surface of the metal preventing any incoming propagating waves from penetrating the pipeline.
The electric field distribution surrounding the pipeline alters from 3.16 V/km (10dBV/km) to
1.0 x 103 V/km (60dBV /km). Some of the waves were reflected back to the surface of the ground
thus producing induced EM fields as shown in Fig. 5(b). The results were verified by comparing
them with [12] which shows good agreements. Phase imbalance in the line may be produced due
to the difference in the relative distance of each phase from the nearby pipeline. Under fault con-
dition, the currents on the faulty phases of transmission lines were high. This in turn will induce
AC voltage on the pipeline and create shock hazard rather than corrosion.
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Figure 5: (a) The electric field E,, distribution in the subgrid section. (b) The induced electric field E, at
1.75m above pipeline.

4. CONCLUSIONS

An approach to model the interaction between overhead transmission lines and buried utility
pipeline at power-line frequency has been presented. This uses the FDTD technique for the whole
structure of the problem combined with subgridding method at the object of interest. The com-
putational burden due to huge number of time steps in the order of tens of millions has been
eased to tens of thousands by employing the method called quasi-static approach. The use of inho-
mogeneous soil in the common corridor permits a non-trivial proximity region of authentic ground
properties to be simulated. Profound investigation of the interaction between electromagnetic fields
and natural or utility arrangement with different electrical characteristics at different level of spatial
resolution can be assisted by such tools. The combination of frequency scaling FDTD subgridding
approach with arbitrary inhomogeneous soil element model paves the way in the development of
new approach of EM fields interaction modelling.
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