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Impedance measurement and analysis of overhead medium voltage power lines for broad
band power line communication (BPLC
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Abstract -~ In this paper, impedance characteristics of
overhead medium-voltage (MV) power lines is
reported for power line communication (PLC) over an
MV power line network. For analysis, a two-port
equivalent  network model of MV power lines is
derived. By applying the transmission line theory,
reflection behavior and impedance of power lines are
investigated. For verification, impedance of power
lines is measured at a test field for an MV PLC. The
results show that impedance of MV power lines is
between 2000 and 300¢ and converges to a half of
their characteristic impedance.

1. Introduction

Recently, power line communication (PLC) over
medium-voltage (MV, 229 kV) power lines is
investigated very hard for low cost Internet service
and Voice over IP service (VolIP). For high data rate
telecommunication service over an MV power lines, it
is necessary that channel characteristics of MV power
lines such as noise, impedance, and attenuation should
be studied [1-3]. Analysis of impedance particularly
plays an important role on impedance matching
closely related to better transmission behavior and
measurement of noise in channel.

In the paper, impedance characteristics of
overhead MV power lines is described for broadband
PLC in a frequency range between 1 MHz and 30
MHz. Until now, few papers have been published,
compared to several good papers regarding channel
characteristics of low-voltage power lines [4-5]. One
of the reasons is that it is difficult to measure the
impedance of MV power lines in still working on
power line distributions and their tough surroundings.
For the analysis of impedance characteristics,
charactenstic impedance and complex propagation
constant are derived using data of overhead MV
power lines. Also, a two-port equivalent model of an
MV power line network is presented and with an aid
of the model, reflection and impedance of MV power
lines are calculated. For verification of calculation,
both input impedance and impedance of MV power
lines are measured at an MV PLC test field.

In the next sections, an MV PLC test field for
Internet service over MV power lines is introduced.
The procedure of deriving an equivalent model and
then calculating impedance is provided in detail
Finally, impedance of MV power lines is measured in
the test field for verifying the calculation.

2. Overhead MV power lines and a two—port
equivalent model

2.1 Overhead MV power lines

In Fig. 1(a), a configuration for PLC over an MV
power line network in an MV PLC test field is
schematically displayed. An MV PLC network
contains three main parts of MV power lines, coupling
units, and a coaxial lines with a PLC modem. The
coupling unit is composed of a coupling capacitor (C)
of 2 nF for communication signals, an inductor (L) of
1 mH for preventing low frequency high power at
signal ports, and a cut-off-switch (COS) for
protecting the coupling capacitor and inductor from
dangerous overload of tough MV power lines. The
coaxial line has characteristic impedance of 752.

As an overhead MV power line cable in the test
field of PLC on MV power lines, an ACSR-OC
(Aluminum Conductor Steel Reinforced Qutdoor
Cross-linked Polyethylene insulated Wires) cable is
used. The cable consists of mainly three concentric
layers of six aluminum cores, a steel core of 3.5 mm

diameter in the middle of the six aluminum cores to
reinforce the aluminum cores, and a dielectric
insulator of cross-linked (XL) polyethylene. The

diameter of two metal layers is 9.7 mm together, and
thickness of insulator is 3 mm. Here, for analysis of
power line cables, it is assumed that two metal layers
of the MV cable can be thought of as a single
conductor core of 9.7 mm diameter coated by an XL
polyethylene. The reason is that a skin depth is small
and wavelength is much longer than the power line's
radius in the frequency between 1 MHz and 30 MHz.
For signal input, a coupling arrangement of
wire-to-ground (WTG) using a power line out of
three power lines and a neutral line is adopted in the
test field. [t is true that a power line network can be
considered as a two-wire transmission line network,
using the image theory. Therefore, for the WTG case,
a charactenstic impedance of MV power lines, can
be obtained from
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where D(>>a) is height of power lines above the
ground, a is metal radius of power line, and a wave
impedance, =377 [6). In calculating Z, resistance per
unit length, &£ and conductance per unit length, G are
not included because the amounts are much smaller
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than reactance. Also, in order to consider the effect of
the dielectric insulator, an equivalent effective
dielectric constant in a medium between two wires, ¢
re 1S numerically calculated using conformal mapping
method {7]. It should be pointed out that the imperfect
ground effect in [8] is neglected due to little influence
on characteristic impedance and propagation constant.
In the test field, the height D of 13 m and the radius
a of 48 mm are measured. The effective dielectric
constant, tg of 1.033 is calculated. Thus, from (1),
characteristic impedance of MV power lines, Zyp of
5070 is obtained.

T T oy,
Zyp Ly L’BLP o e e Q

Coaxial cable
Z,B., L,

PortII

Fig 1. (a) A schematic configuration of an MV PLC test
field. (b) Two-port equivalent model of a MV
power line network.

22 Two-port equivalent

impedance calculation

In Fig. 1(b), a two-port equivalent model of an MV

power line network is presented. As is shown, an MV

power line is modeled by characteristic impedance Zop,

network model and

complex propagation constant 7 P, and lengths of
power lines, L, and L. By considering an attenuation
constant of power lines, a complex propagation

constant, 77 is given as [6],

Yp=p+iPp
with
apz%[zf‘*L%p} BpallG
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€0and HMoare permittivity and permeability of free
space, respectively.

Also, a load impedance of Z, is supplemented as a
reflection—free termination to consider the effect of the
MV power lines that exists in both left of point R
and right of point Q. Since lengths of MV power line,
L, and L, are generally much longer than wavelength
in the frequency, MV power lines can be assumed as
a long wire traveling antenna, and then Z, is given
as Zop [9).

Finally, a coaxial line for connecting a coupling unit
and a PLC modem is modeled by characteristic
impedance Zo, propagation constant f, and length L.
of 127 m.

Using the two-port equivalent network, impedance of
MV power lines Zpic is calculated as

Z. 7.
A =7, 7= in] ind
PLC =Zint | Zina Zo1 700 Zia 2
where
7 -z Zyor+ JZgp tanh(ypL,)
P Z0p + iZyaptanh(y ,L )’
7 = 50+ jZy. tan{B.L.)
in2 = e 7 o+ jS0tan(B,L,)
P { Ziny(I-@?LC) + jol.
in3 — in1||k -—a)zLC+jZ,~,,2a)C ’
7 .= Zin3 +jZOP tanh(}/prl)
O g+ JZimy tanh(y L)
with

Zy, =7,y =507, Z,, =75, B, = 0/(c,1.5),
L, =600 m, L, =800 m.

s ~pt
G 1s light velocity of free space.
A

Also, the input impedance “inis obtained as
Z. =7 ZinS +jZOL‘ tan(ﬂcl‘c)
in = %40c N
Zoe +jZins tan(BL;) 3)
with

7. ZJOLUeC Zpc +1)
S T Z@lLC+ jaC-Zpyc .

2.3 Impedance measurement in the test field

Using a vector network analyzer (HP8753D),
impedance of MV power lines is measured at three
different test points in the test field. The procedure is
that first, scattering parameter is measured and then
input impedance is calculated as

1+S11
Z; =50
in, mea -8, . @

Second, with the data of the coupling unit and the
coaxial cable previously given, impedance of an MV
power line network is derived as

JjoL(l-joC- ZinS, mea)
szc_l+ja)C'Zin5,mea 5

ZPLC,mea =

with
Zin, mea ™ .IZOC tan(ﬂch )
Zoe - jZin,mea tan(B.L.) .

Fig. 2 shows the calculated result of input impedance
at a port I, Zn and three measurements of input
impedance at three different points. As is shown, the
calculation is in a good agreement with the
measurement. It can be seen that input impedance is
not constant. It is due to impedance mismatch
between the coaxial cable and power lines. Thus, it
should be noted that broadband impedance matching
is necessary at the point between the coaxial cable
and the coupling unit, not an input terminal connected
to a PLC modem.

ZinS, mea = Zoc
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Fig 2. Calculation and three measurements of input impedance
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Fig. 3. Calculation and threc measurements of MV power line i
mpedance.

In Fig. 3, measurement and calculation of impedance
for MV power lines only are shown. The calculation
has a nearly constant value of about 250%. It can be
explained by considering MV power lines as a long
wire traveling antenna. It can be said that the load
impedance Z.o is added to two long wire antennas as
a reflection—free termination, and then input impedance
is given as a half of Z{9]. Therefore, the calculation
comes to nearly a half of Zy, 25350 Measurement
shows that the impedance is between 2008 and 300X,
and the averaging impedance is likely to converge to
a half of Zy, like the calculation. Also, an MV power
line network has few resonant frequencies, comparing
to a low-voltage power line network [4]. One of the
most important results is that broadband matching is
possible and impedance should be matched with about
or more than 2500 at the terminal of the coupling unit
in this case in order to achieve broadband impedance
matching of MV power lines. Impedance fluctuation in
lower frequency is due to the fact that impedance of
the coupling capacitor becomes larger and in
measurement, additionally channel noise is severer in
lower frequency.

3. Conclusion

This paper reports the impedance characteristics of a
medium voltage power lines for broadband power line
communication (BPLC). The analytic calculation

method of power line impedance is presented.
Measurement is performed at three different points
and the calculation has a good agreement with the
measurement results. Power line impedance comes to
a half of characteristic impedance 2, 25350 with
increasing frequency. Results will be well used for the
impedance matching and noise analysis of MV power
line.
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