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In modern cities, consideration must be given to both the development of electric energy and the improvement

of landscape. Therefore, power technicians usually substitute underground cables for overhead lines. Moreover,

junction towers are always employed to provide this interface between overhead lines and underground cables.

This study focuses on reducing eddy current losses of a power junction tower. The losses in structural steels of a

tower will be computed, and different cable arrangements are discussed by finite element method. Further-

more, the results indicate that eddy current losses of steels can be reduced by performing cable sequencing and

reconfiguration without any new facilities. The reduction scheme can be useful for reducing eddy current losses

of junction towers.
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1. Introduction

Overhead power lines are major vehicles for long-

distance electric transmission in rural areas. Nevertheless,

in urban areas, the unsightly overhead lines are usually

replaced with underground power cables for conforming

the landscape or architectural designs. Therefore, facilities

which can facilitate the transfer of power transmission

between overhead lines and underground cables are

essential. In fact, junction towers are always playing the

important role in power delivery systems. They are always

employed to provide an interface between underground

cables and overhead lines, as illustrated in Fig. 1. Un-

doubtedly, they should be attached great importance.

A junction tower with six cross-linked polyethylene

(XLPE) power cables is shown in Fig. 2. Junction towers

are mainly constructed using high tensile angle steels,

which have good magnetic permeability and are good

conductors. Hence, the three-phase currents will produce

an electromagnetic field as a result of inducing eddy

currents inside the steels [1-5]. Therefore, the effective

reduction of eddy current losses will be helpful in

improving the efficiency of power delivery.

Although power junction towers are common in modern

countries, there is scarce research investigating about

junction towers. Hwang performed a thermal analysis of

an underground XLPE-cables system and described a

finite element method to investigate the effect of the

steels’ spacing on eddy current losses in the steels when

nearby three-phase currents exist [3, 4]. Rachek et al.

analyzed three-phase multi-circuit underground systems

by extending the model of Hwang [3,4], and then

effectively reduced the temperature of the cables system
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Fig. 1. (Color online) A sketch of a junction tower.
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[5]. Farag et al. investigated the problem of the electro-

magnetic field evoked by the power cables, and suggested

several methods for reducing the field levels [6, 7]. By

integrating their precious experience [3-7], we have pre-

sented a result for reducing magnetic fields of a junction

tower with double circuits [8].

In practice, there are two prevalent cable installations

which are usually applied in double-circuit junction towers.

They can be distinguished by the installation in the top

view of towers, as shown in Fig. 3 and 4. In this study,

they are called Mode-Opp and Mode-Adj respectively. A

Mode-Opp structure is shown in Fig. 3 and these two

three-phase cable sets are installed opposite each other.

Fig. 4 depicts an overhead view of a junction tower with

double-circuit cables, demonstrating the Mode-Adj and

these cable sets are installed adjacent to each other. As

shown in Fig. 2, XLPE cables are almost installed in

parallel with the tower body and the height of the tower is

about 30 meters. Hence, there will be eddy current losses

induced in structural steels of towers and these losses

should not be ignored. This study conducts a finite

element analysis [9, 10] to estimate the eddy current

losses generated in steels of a junction tower.

In this paper, the eddy current losses are calculated, and

a technique of cable arrangement [6-8] to reduce the

electromagnetic fields of junction towers with double-

circuit cables is employed. The results of this study will

contribute in the reduction of eddy current losses in steels

of power junction towers.

2. Simulation of Junction Tower 

2.1. Model of junction tower

As shown in the Fig. 1, the overhead power lines are

connected to underground cables. This connection is

Fig. 2. (Color online) Junction tower with structural steels and

cables.

Fig. 3. Overhead view of a double-circuit junction tower,

Mode-Opp.

Fig. 4. Overhead view on a junction tower with double-circuit,

Mode-Adj.



 158  On Reduction of Eddy Current Losses in a Double-circuit Junction Tower Through Cable Sequencing
…

 Yi-Hsuan Jiang et al.

established with the construction of the junction tower

before the entrance into the urban area, and then the urban

landscape can be maintained. 

In general, angle steels are used in the construction of

power towers. Fig. 2 depicts a junction tower with cables

and several L-type angle steel materials that increase the

strength of the mechanical construction. Fig. 4 is a top

view of a junction tower and there are eight L-type angle

steel materials and six XLPE power cables on its base.

The rated voltage and operating current of the XLPE

cable are 161 kV and 650 A, respectively [3, 4, 8, 11].

Additionally, the relative material specifications of the

junction tower are shown in Table 1. In this study, the

towers with angle steels and XLPE cables will be analyzed

and discussed. The magnetic field problem is solved by

finite element method, which is performed using Magsoft

Flux 3D [12].

2.2. Electromagnetic field equations 

In practice, the XLPE power cables and steel materials

for the tower are installed almost parallel with one another.

Therefore, the magnetic problem can be converted to a

two-dimensional problem. Furthermore, the analyses of

this study are based on the following assumptions:

• The load currents are sinusoidal and balanced.

• Only the z-directional component of the magnetic

vector potential, which is sinusoidal, can be observed.

• All materials have constant electricity and do not

affect temperature.

• All materials have constant magnetic properties.

The magnetic vector potential must satisfy the following

governing differential equations [3-5,8].

, (1)

, (2)

, (3)

Employing the Galerkin procedure to Eqs. (1), (2), and

(3) and the ordinary procedure to all the element contri-

butions yields the following matrix equation [3, 8].

(4)

Where the matrix G is equal to , Q and W are

the matrices obtained in the solution of Ref. [9], and S

and R are listed in Ref. [10]. The eddy current loss in

each steel can be calculated as follows [4, 8]: 

(5)

This study performs a steady-state analysis. Hence, all

magnetic fields are extended to infinity [8, 12-13]. To put

it another way, this is an open boundary electromagnetic

field problem, the boundary of the study domain must be

placed sufficiently far from the junction towers so as not

to have any effect on the results. As illustrated in Fig. 5,

the space is subdivided into two subdomains, and the

infinite exterior is mapped onto the finite domain by

Flux3D [12].

3. Analysis and Discussion

In this study, phases a, b, and c are at 0, −2π/3, and 2π/3

rad, respectively. Moreover, the number of cable arrange-

ments is equal to 3! (i.e. 6) in a single three-phase current

system. Then, a total of 36 (i.e. 62) cable arrangements

can be found in a double-circuit cable system.

3.1. Electromagnetic field analysis

Although each current of an ideal three-phase power

system has the same effective magnitude, these different
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Table 1. Material Specifications for junction tower.

Components
Thermal conductivity

 (W/moC)
Dimension

Electrical conductivity

 (S/m)

Conductor 386.0 0.001 m2 5.8 × 107

Angle steel 19.0 200 mm(H) × 200 mm(W) × 25 mm(T)* 1.03 × 107

Angle steel 19.0 75 mm(H) × 75 mm(W) × 6 mm(T)* 1.03 × 107

Air (20 oC) 0.024 0

Fig. 5. Infinite domain is mapped onto finite domain.
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three-phase currents will produce different electromag-

netic fields. The different direction components of the

magnetic fields are interacted on each other, and then the

resultant electromagnetic field is formed. Fig. 6 shows the

contour of magnetic field distribution of this junction

tower. In Fig. 6, the cables are installed in Mode-Adj

using the abc/abc configuration.

3.2. Computation of eddy current losses in steel

After magnetic field is analyzed, all eddy current losses

in the eight L-type steel structures are calculated and

summed. For example, the loss in each steel structure of

Group A1 is computed and listed in Table 2. The sum of

the eight losses is also listed. Table 3 shows 36 different

arrangements of Mode-Adj. The magnetic field is analyzed

to determine the differences between the 36 cable arrange-

ments. Table 3 presents the total eddy current losses in all

the steel structures of different cable arrangements. In this

table, ① denotes the maximal losses, and the other

numbers represent the other recorded losses arranged in

descending order. They are classified into six ranks. The

cable arrangement of Rank ① is described as the sequences

of two cable sets in reversed directions (“anti-sequence”)

in this paper. Fig. 7(a) illustrates the anti-sequence. Whereas,

the cable arrangement of Rank ⑥ comprises the same

sequence (“same-sequence”), as shown in Fig. 7(b).

The eddy current loss problem of Mode-Opp has dis-

cussed in Ref. [8]. To further realize the difference

between these two modes, their maximal and minimal

losses are shown in Table 4. As listed in Table 4, the

maximal loss of Mode-Adj is more than the maximal one

of Mode-Opp. The loss of Rank ⑥ in Mode-Adj is the

minimum one and less than the minimal one of Mode-

Opp. It indicates that the management of cable arrange-

ment can effectively change eddy current losses in steels

Fig. 6. (Color online) Contour of magnetic flux (as abc/abc

configuration).

Table 2. Eddy current losses (W/m) in the steels of Group A1.

No. 1 2

Loss 

in 

each 

steel

Total

No. 3 4

Loss 

in 

each 

steel

Total

No. 5 6

Loss 

in 

each 

steel

Total
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of towers. Moreover, the eddy current losses of steels can

be reduced by performing right cable sequencing without

any new facilities

4. Conclusions

In this study, we have analyzed the electromagnetic

field of a power junction tower and calculated the eddy

current losses generated in the steels of the tower. A total

of 36 cable arrangements of Mode-Adj have been identi-

fied and compared. The losses have been compared with

Table 3. Total eddy current loss (W/m) in each one of Mode-Adj, listed in descending order.

Descending 

order
A1 A2 A3 A4 A5 A6 avg. value

Table 4. Loss comparison between Mode-Adj and Mode-Opp.

Mode-Adj Mode-Opp

Maximal 

loss

Minimal 

loss

Note: the data of Mode-Opp is collected from Jiang et al. [8]

Fig. 7. (Color online) Cables’ sequences: (a) anti-sequence

and (b) same-sequence.
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those of Mode-Opp. Finally, the best one to reduce eddy

current losses in steels of double-circuit junction towers

without any new facilities is determined. 

The computed results in this study lead to the following

conclusions:

• The maximal eddy current loss (32.0405 W/m) in the

Mode-Adj group is more than that (30.2026 [8] W/m)

in the Mode-Opp group, and the minimal one (24.3485

W/m) of Mode-Adj group is less than that (28.2228

[8] W/m) of Mode-Opp.

• The eddy current loss induced in Rank ① of Mode-

Adj with the anti-sequence cable arrangement is the

maximum one. 

• The minimum eddy current loss is induced in Rank

⑥ of Mode-Adj with the same-sequence cable arrange-

ment.

• The maximum loss is more than the minimum one by

31.59 % (i.e. nearly 1/3).

The results indicate that Mode-Adj configuration with

same-sequence cable arrangement is the best choice for

reducing the eddy current losses in the steels of the tower.

Nowadays, power junction towers have been widely

utilized in power systems. Moreover, there are a large

quantity of double-circuit junction towers in every modern

country. Therefore, the results of this study are helpful for

engineer in reducing eddy current loss of junction towers.

List of Symbols and Abbreviations

XLPE Cross-linked polyethylene

2D Two-dimensional

Mode-Opp Mode-Opposite

Mode-Adj Mode-Adjacent

Z-directional component of the magnetic

vector potential (Wb/m, T·m)

Density of the excitation source current (A/

m2)

μ Magnetic permeability (H/m)

σ Electric conductivity (S/m) or the inverse of

electric resistivity (Ω·m)

ω Angular frequency (rad/s)

Ii Phase current flowing in conductor (A)

q Eddy current loss (W/m)

avg. Average
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