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Resumen: En este articulo se analiza el comportamiento de una linea de potencia de
nucleo entorchado frente a una de nuicleo solido, cuando son estas usadas como lineas de
transmisién en sistemas PLC. Para su andlisis, se considera €l modelo de parametros
distribuidos de resistencia, inductancia, capacitancia y conductancia, de una linea de
potencia como linea de transmision basada en la teoria de dos puertos. La diferencia
basica en el comportamiento de las lineas de transmision propuestas es debido al factor de
correccion de la resistencia (XR), introducido por la linea nicleo entorchado; este factor
presenta respuesta en frecuencia inversa a la resistencia, logrando ecualizar la atenuacion
de lalinea de transmisién. Concluyendo en el disefio de sistemas de comunicacién sobre
lared eléctrica que €l uso de lineas de niicleo entorchado como lineas de transmisién tiene
mejor desempefio frente a lineas nucleo sdlido.

Palabras clave: Lineas de potencia, Lineas de trasmisién, nicleo sdlido, nicleo
entorchado, factor de correccion, frecuencia.

Abstract: This paper describes the behavior of a stranded core power line compared to
the behavior of a solid core power line, when they are used as transmission lines in power
line communication systems. For this analysis, the model of resistance, inductance,
capacitance, and conductance distributed parameters of a power line as atransmission line
based on the two-port theory is considered. The basic difference in the behavior of
proposed transmission lines is due to the resistance correction factor (XR), introduced by
the stranded core line; this factor has an inverse frequency response of the resistance
parameter, achieving attenuation equalization of the transmission line. Concluding that in
power line communication systems design, the use of stranded core lines as transmission
lines has better performance versus solid core lines.

Keywords: Power lines, transmission lines, stranded core, solid core, correction factor,
frequency.

1. INTRODUCTION

optic systems, among others (Mlynek, Misurec,

Currently, Power Line Communication (PLC)
systems are of great interest due to their advantages
and applications (Wei 2011), (Pang et a. 2012),
(Berger, Schwager, and Escudero-Garzés 2013).
These use power lines as transmission lines, being
less costly compared to coaxial cables, and fiber
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and Koutny 2011). Because power lines are not
manufactured for data transport (Acosta et al.
2006), (Zaw, Kyaw, and Ye 2013), computer
simulations are effective tools in the optimal design
of PLC systems (Zaw et a. 2013), (Singh and
Sharma 2013), (Li and Zhang 2014).



ISSN: 1692-7257 - Volumen 2 - NUmero 26 - 2015

Revista Colombiana de

Among the works aimed at characterizing and
simulating power lines as transmission lines, there
are: (Tsuzuki et a. 2001), which modes and
simulates a Vinyl insulation, Vinyl sheath, Flat
(VVF) line, employing two-port theory in a
frequency range up to 30 MHz; (Misurec and
Orgon 2011), which models and simulates two
lines; one 3x1.5 CYKY and another 3x2.5 AYKY,
employing two-port theory in a frequency range up
to 8 MHz, besides modeling and simulating an
electric motor controlled by PLC systems; (Mlynek
et al. 2012), which models and simulates 3x1.5,
3x2.5, and 3x4 CYKY lines, employing two-port
theory in a frequency range up to 1 GHz and
analyzes the response of one of these linesin atest
topology.

These previous reports, athough modeling,
simulating, and analyzing the frequency response
of two types of power lines individualy, do not
present a comparative anaysis of ther
performance — an important aspect in the design
and deployment of PLC systems. Our work
considers the solid core line type 1*8+ 8 AWG
Aluminum AL Insulating XLPE and the stranded
core linetype 1*6 + 6 AWG Aluminum Al-8000 -
Insulating XLPE, anayzing their frequency
responses within a range from 3 KHz to 30 MHz,
according to respective resistance (R), inductance
(L), capacitance (C), and conductance (G)
parameters.

2. MODEL OF A POWER LINE AS
TRANSMISSION LINE

A power line, seen as transmission line, is
characterized by the following four distributed
parameters: resistance (R) [ W/m], inductance (L)
[H/m], capacitance (C) [F/m], and conductance (G)
[S/m](Cheng 1983), modeled in infinitesimal
lengths (Dx) of the transmission line (Figure 1).
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Fig. 1. Modd of distributed parameters every Dx of
the transmission line.

Voltage and instantaneous current in the x position
of a Dx line segment is denoted by V(xt) and
I(x,t), equations 1 and 2, respectively (Cheng
1983):
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The ordinary differential equations of the
transmission lines, equations 3 and 4, are obtained
from the phasor representation of equations 1 and
2:

_%z(R+jxwa)x|(x) B
) dldix) = (G + | xwxC) ®V (x) @

By replacing equations 3 and 4 in the second
derivate, with respect to x, from the same
equations, we obtain the ordinary second order
one-dimensional differential equations, equations 5

and 6 (Kraus and Carver 1996):
V0 = g2 v 9 ©
X i)
d2|(2x) = g2 x(x) (6)
dx

Where g is the propagation constant [m™] (Kraus
and Carver 1996), given by:

g =/(R+ j2pfL) x(G + j2pfC) | (M

Where f [HZ] isthe frequency.

The solutions of equations 5 and 6 are expressed in
equations 8 and 9, respectively, where the super
indexes + denote current and voltage traveling in
direction +x (Cheng 1983):

V(X) =V, xe % +V, x* )

[(X) =1, xe %+, xe* ©)

Considering in equations 8 and 9 a semi-infinite
transmission line, a source from the left side (with
no reflected waves), and the signal traveling in
direction +x; by relating voltage, V(x), and current,
I(x), we obtain the characteristic impedance for the
transmission line Zy (W) (Kraus and Carver 1996)
(Lampe and Vinck 2011), equation 10:

, = [(R+ j2pfL)
0 (G + j2pfC)

(10)
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The propagation constant and the characteristic line
impedance are expressed in terms of distributed
parameters and in function of f, but not of line
length.
21 R,L,C,and G parametersfor a power
line

For a power line (Figure 2.a and 2.b), the R, L, C,
and G distributed parameters are expressed in
terms of their physical characteristics and are given

by equations 11, 12, 13, and 14, respectively
(Mlynek et al. 2011):
R= [ xf . D/2a [W/m] (11)
axps P [0 g .
&2xag
L =" cosh i(D / 250) +— 1 [Hml - (12)
p 2>p xf
_ p e [F/m]  (13)
cosh "}(D /2xa)
G=2p>tand>C> f [Sm] (19)

where: a is the conductor radius, D is the
separation distance between the center of the lines,
s. is the electric conductivity, and pc is the
magnetic permeability; e is the electric permittivity
of the dielectric coating, and d is the film effect
parameter, and tand is the dissipation factor.

\ \
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0

Fig. 2. Power line cross section. @) Solid core
b) Sranded core.

\\\\

The film effect is present in a line when a high-
frequency signal flows through it, generating
greater flow of the signal close to the surface. Its
magnitude represents the signal’ s penetration depth
from the conductor surface and is determined
through equation 15 (Meng et al. 2004):

1 [m]

Due to this phenomenon, the cross-section area of
the conductor through which the signal can
circulate is reduced to a ring that tightens as

4= (15)
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frequency increases, with the signal finding greater
resistancein its passage.

It is observed in equations 11 to 14 that the R, L,
and G parameters are frequency functions; not so
for C. This paper presents the respective frequency
responses and these are analyzed for both types of
lines.

2.2 Resistance parameter for stranded core

power line

For a stranded core power line, the geometry of the
film surface through which the signal flows is
modified, given the presence of gaps between the
wires that make up the strand (Figure 2.b). Because
of the aforementioned, to determine the resistance
parameter (Rc) of a stranded core line, the
resistance of the solid core is affected with the
correction factor (Xg), thus:

RC = X R xR ’ (16)
With Xk given by equation 17:

(Cos-l(r‘mliei-d) >TWH92 - (rvwre_ d) rvwrez_ (rwire_ d)) (17)
XR = wire

2x,..d

Where rye IS the radius of awire that makes up the
strand (Meng et al. 2004).

3. TYPESOF LINES

The two types of lines considered; solid core (1*8
+8 AWG Aluminum - AL - Insulating XLPE) and
stranded core (1*6 +6 AWG Aluminum Al-8000 -
Insulating XLPE), are used in the electric
distribution network supplied by the Compariia
Energética de Occidente SA.S. E.SP. in the
Department of Cauca - Colombia. Table 1
summarizes the relevant physical characteristics of
these lines (Mugala 2005) (Cables de Energiay de
Telecomunicaciones S.A. 2014).

Table 1: Sranded core and solid core lines

Stranded coreline - Al-8000
Reference: 1*6 +6 AWG Aluminum Al-8000 -
Insulating XL PE

Line diameter - Phase (m) 4.29e-3
Relative magnetic 1
permeability (approx.)
Electric conductivity (S/m) 3.53e7
Dielectric relative electric

L 2.3
permittivity
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Solid coreline- AL
Reference: 1*8 +8 AWG Aluminum AL -
Insulating XL PE

Line diameter — Phase (m) 3.26e-3
Relative magnetic 1
permeability (approx.)
Electric conductivity (S/m) 3.77e7
Dielectric relative electric

o 2.3
permittivity

4. SIMULATION AND ANALYSISOF
RESULTS

The MATLAB R2012b software was used for
simulation.

4.1  Frequency response of the correction

factor (XR)

Frequency response curves for the XR, R, and RC
of the stranded core line (Figure 3).
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Fig. 3. Frequency response of the correction factor
of a stranded core line.

Figure 3 presents the XR inverse behavior with
respect to R, achieving attenuation equalization on
the stranded core line, managing to minimize the
attenuation of the line for frequency ranges from 3
KHz to 30 MHz.

4.2  Frequency responseof R, L, G,and C
parameters

Frequency response curves of the R, L, C, and G
parameters for the two power lines considered in
Table 1 (Figure 4).
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Fig 4. Freguency response of Al - solid core and
Al-8000 lines. a) Resistance (Rand Rc).
b) Inductance (L). c) Capacitance (C).
d) Conductance (G).

Figure 4.a presents better attenuation performance
for the stranded core line, maintaining resistance
below 0.05 [ W/m] compared to 0.4 [ W/m] for the
solid core line up to 30 MHz; an important aspect
in the implementation of PLC systems. Figure 4.b
shows that the inductance of the stranded core line
is dightly lower than the inductance of the solid
core line, with an approximate difference of 1x10™
[H/m], indicating improved performance of the
stranded core line with respect to the solid core
line. Figure 4.c presents constant behavior of
capacitance against frequency variations, with a
small difference between both lines; C@6.46x10™"
and 5.67x10 ™ [F/m] for the stranded core and solid
core lines, respectively. The constant behavior of
capacitance is because the relative permittivity of
the dielectric — XL PE - isindependent of frequency
for the range of interest (Mugala 2005) (Mugala,
Eriksson, and Pettersson 2006) (Zhang et al. 2013).
Finally, Figure 4.d shows that conductance for the
stranded core line is dlightly higher than for the
solid core line as frequency increases; however, at
30 MHz the difference does not exceed 0.5x10°
[S/m].

5. CONCLUSIONS

Resistance,  inductance,  capacitance,  and
conductance parameters were modeled and
simulated for a solid core power line (1*8 +8 AWG
Aluminum-AL- Insulating XLPE) and a stranded
core line (1*6 +6 Aluminum Al-8000 - Insulating
XLPE) as transmission lines, considering the two-
port theory. Additionally, the resistance correction
factor was modeled and simulated for a stranded
core line. Frequency responses were considered in
the range from 3 KHz to 30 MHz.

The following are important conclusions:
Stranded core lines, given their modified core
geometry, introduce the effect of attenuation
equalization due to the Xg, whose frequency
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response is inverse to the conductor resistance,
being favorable for transmission PLC systems
at big distances, given that the signal will be
subjected to lower attenuation per meter of
line length.

The XR maintains the line resistance amost
constant and below 0.05 [W/m] in al
frequency ranges simulated.

The L, G, and C parameters for both types of
power lines, in gspite of the geometric
differences of their respective cores, do not
present notable differences that can impact
upon the performance of one over the other.

Given the aforementioned, the advantage of
stranded core lines is reflected in the resistance
parameter, which decisively influences on the
distance that can be achieved in a PLC system.
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