
 

     Abstract – An efficient method for computing magnetic 
fields generated by transmission lines is presented.  The 
method uses a two-dimensional computation approach and 
gives both conductor based and phase based line 
parameters as well as the magnetic field. The computation 
results for a typical case are compared with those obtained 
using an independent three-dimensional analysis software 
and it was found that the results are in good agreement. 

 

I.  INTRODUCTION 

or a long parallel transmission line system, the 
magnetic field can be considered to be essentially 

two-dimensional. Therefore it is possible to use two-
dimensional methods to compute the magnetic field. 

This article presents one such method. The method 
accounts for the presence of both phase conductors and 
neutral conductors. The transmission line can have 
several phases and neutrals. Each phase can consist of 
several conductors bundled together.  

The computation of the magnetic field proceeds in 
five steps: (1) computation of the conductor-based line 
parameters; (2) bundle reduction, which gives phase-
based line parameters; (3) determination of the neutral 
current; (4) computation of the current distribution in 
individual conductors of the bundles; and (5) 
computation of the magnetic field generated by those 
currents..  

As a practical example, a three-phase transmission 
line with two shield wires is studied. In this example, 
each phase consists of a bundle of four conductors.  The 
effect of the size of phase wire bundle is investigated. 
The results were found to be essentially identical to 
those generated using an independent three-dimensional 
analysis program. 

 
II. COMPUTATION PROCEDURE 

The computation procedure consists of the following 
five steps. 

Step 1.  Computation of the conductor based line 
parameters 

The line parameters of a conductor include the self 
impedance sZ and the mutual impedance kmZ  given by 
[1], 
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where  

ω angular frequency, in radians/seconds, 
µr relative magnetic permeability of the 

ground, 
hs height of the conductor, in meters, 
k, m number of conductors, 
hk, hm height of the conductors k and m, in meters 
d horizontal separation between conductor k 

and m, in meters 
Js, Jm earth return factors. 

 

The expressions of Js, and Jm are,  

∫
8 −

++
=+=

0 2

2

/
.

..∝..

.

d
j

ejQPJ
r

h

sss

s

            (3) 

∫
8 +−

++
=+=

0 2

)(2

)cos(
/

..
..∝..

.

dd
j

ejQPJ
r

hh

mmm

ms

       (4) 

where ρ is the soil resistivity of the ground in Ω/m. 

There are several ways to evaluate these factors. 
When the value of d/h ( 2/)( mk hhh += ) is within a 
reasonable range, (3) and (4) can be simplified to the 
following closed-form equations [2], 
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where  ..∝ /rjp =  and β=d/(hk+hm). 

 

Step 2.  Apply bundle reduction 

 
Since the current energization is based on phases, it is 

necessary to know the phase-based line parameters. 

  
Fig. 1.  Circuit of bundled conductors. 

As the conductor based impedances are already 
computed in the previous step, the following equations 
can be found. For simplicity, as described in Fig.1, only 
neutral wires are bundled together in the derivation. Of 
cause, this methodology can be applied to any phase. 
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where Vi and Ii are the potential and current of conductor 
i and Zij  is the mutual impedance between conductors i 
and j.  

Note that in this and the following sections, the 
following symbols have been used in the derivations, 

 
N - Total number of conductors, 
M - Total Number of phases excluding neutral, 
Mi - Number of conductors in i-th phase, 
PHi - Phase number, 
In - Current in n-th conductor, 
Itotalphi -Total current at i-th phase, 

After bundle reduction, the self impedance of the neutral 
wire bundle is denoted as Z00 and the mutual impedance 
between the neutral and conductor j as Z0j. The total 
current in neutral wire bundle is I0. Rewrite the above 
equations as, 
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List the equations relating (7) and (8), 
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'
mI  is the normalized neutral conductor current which 

is the current in each neutral conductor divided by the 
total neutral current,  i.e. 

0

'

I
II m

m =         (11) 

Solving (9) and (10) gives the impedance matrix of 
bundled conductors. 

The above procedure can also be modified to find the 
symmetric components of a three phase transmission 
line. In order to find the symmetric components, let M=3 
in (7), then apply neutral wire elimination first to get the 
equivalent three phase impedance matrix and finally 
apply the Symmetric Components  Transformation to get 
the symmetric components matrix. 

Step 3.  Determine the current in the neutral wire 
bundle 

After the bundle reduction for all the phases and 
neutral wires, the phase based impedance matrix is 
found. If we set the potential of the neutral wire to zero, 
Equation (8) can be rewritten as,    
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Solving the last equation, the total neutral current can 
be found as,  
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Step 4.  Assign currents to individual conductors  

Although the current for each phase is given and the 
total current in neutral wires is determined in step 3, the 
magnetic field cannot be computed yet because the 
current in each individual conductor is still unknown. In 
order to compute the magnetic field, the current in each 
conductor must be found. 

The conductors in the same phase have the same 
voltage, so the following linear system can be set up, 
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This system has N equations and N+M+1 unknowns. 
In order to solve this system, M+1 additional equations 
must be found. Since the total current for each phase 

and the neutral wire are known, the following M+1  
equations exist, 
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Combining (14) and (15), the linear system can be 
rewritten as, 
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Using matrix notation, equation (16) can be 
rewritten as, 

[ ] phc IIB =•                         (17) 

 Equation (17) defines matrix [B] and vector cI  

which is the conductor current vector and phI  which 

is the phase current vector. By solving this system, 
the currents of all the conductors can be found as, 

[ ] phc IBI •= −1       (18) 

 

Step 5. Compute the magnetic field  

The last step is to compute the magnetic field at 
given observation points. 

The presence of the earth has been considered in 
the following formula to compute the magnetic field.  
The magnetic field H at observation point j generated 
by a current at position i is expressed as, 
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where σ is the earth conductivity and ε the earth 

permittivity. 
 

 
Fig. 2.  Directions of magnetic field. 

 
Fig. 2 shows the direction relations between 

current, distance and magnetic field vectors. The total 
magnetic field at observation point j can be obtained 

by adding the contributions from all the conductors.  
 

III. VALIDATIONS 

The HIFREQ module of the CDEGS software 
package is a 3-D, full wave electromagnetic solver for 
computing all EM quantities for thin wire conductor 
systems [3].  When the length of the wire modeled in 
HIFREQ is long enough, the field distribution near 
the middle point of the length can be considered two 
dimensional. At this location, the results of HIFREQ 
and the proposed method are consistent. The 
advantage of the new approach is that it is much 
simpler to build the model and it is also faster in terms 
of magnetic field computation time. 

   
IV. A PRACTICAL EXAMPLE 

As a practical example, consider the three-phase 
transmission line with two static wire bundles shown 
in Fig. 3. Each phase and static wire consists of a 
bundle of four conductors. The phase bundles are 
located at a height of 30 meters; the static wire 
bundles are at a height of 35 meters. The conductors 
in the bundles are located at the corners of a 1 m 
square. The radius of each conductor is 0.01 meter. 
The soil resistivity is 100 ohm-meters. The current 
energized in each phase is 100 Ampere, the phase 
angle differences are 120 degrees. The magnetic field 
is computed along a 100 meter long profile placed 1 
meter above the earth surface and extending 
symmetrically on both sides of the transmission line. 
In order to investigate the effect of the radius of the 
bundles on the magnetic field, three scenarios are 
examined: (1) a phase consisting of a single 
conductor; (2) a phase consisting of a bundle of four 
conductors with a bundle radius of 0.707 meter; (3) a 
phase consisting of a bundle of four conductors with a 
bundle radius of 1.414 meters.  

 
Fig. 3.  Cross-section of the transmission line. 
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(2) Vertical components of magnetic field 
Fig. 4.  Computed magnitude of magnetic field. 

Fig. 4 shows the computation results. It can be seen 
that the unbundled phase wires generate the highest 
magnetic field for both horizontal and vertical 
components. The larger bundle radius gives smaller 
magnetic fields. However, the effect of the bundle 
radius on the magnetic field is rather small. The 
reason is that the total current is the same when the 
radius of the bundle changes. 

The computations were repeated with the HIFREQ 
program, yielding essentially identical curves. 
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(1) Horizontal components of magnetic field 
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