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ABSTARCT

A power cable can be modeled as a transmission line at high frequency. The electric circuit parameters
associated with transmission lines are resistance, inductance, capacitance and conductance. All these constants are
independent of frequency. These are called primary constants. But characteristic impedance Zo, propagation
constant vy, attenuation constant o.and phase constant 3 are fixed at one frequency but its value changes as frequency
changes. These are called secondary constant. Since the power cable can be modeled as a transmission line at high
frequency, the secondary constants are considered for the analysis.
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1. INTRODUCTION

A power cable can be modeled as a transmission line to describe its behavior for high-frequency transients.
A transmission line is fully specified by two parameters: the characteristic impedance Zc and the propagation
coefficient y. The propagation coefficient contains both signal attenuation and propagation velocity v,. For single-
core XLPE cables accurate models have been developed. These models require detailed information on the cable
construction and material properties. Unfortunately, not all required parameters are readily available, especially the
dielectric properties at high frequencies of the semiconducting layer are hard to obtain. This paper describes how
the characteristic impedance Zc and propagation velocity V, can be approximated with input parameters that are
easily accessible. Furthermore, this approach is extended to three-core XLPE cable construction. In this paper it is
shown that the characteristic impedance and propagation velocity of single-core and three core XLPE cables can
be estimated using available information from the cable specifications. The estimation values are validated using
pulse response measurements on cable samples.
2. EXPERIMENTAL
2.1. Cable construction
2.1.1. Coaxial Cable: Coaxial lines confine virtually all of the electromagnetic wave to the area inside the cable.
In radio-frequency applications up to a few gigahertzes, the wave propagates in the transverse electric and magnetic
mode (TEM) only. The most common use for coaxial cables is for television and other signals with bandwidth of
multiple megahertz. In the middle 20th century they carried long distance telephone connections.
2.1.2. XLPE Cable: XLPE means Cross-Linked Polyethylene. There are actually two semi-conductive layers on
high voltage cable. One is between the actual conductors and the XLPE. The semi-conductor is used to equalize
the electrical stresses over a large area. It has several ridges on the outer edge where the individual strands meet
one another. The internal semi-conductor makes a smooth voltage level for the XLPE where it meets the conductor
strands.
2.1.3. Single Core XLPE Cable: The cable consists of the following layers: Conductor, aluminum or copper
conductor with radius r.. Conductor screen, semiconducting layer extruded around conductor with thickness t.

o Insulation, most modern MV and HV cables use XLPE.

. Insulation screen, semiconducting layer around insulation with thickness tis.

o Swelling tapes, many modern cables have semiconducting swelling tapes wrapped around the insulation
screen. Because the electrical properties of this layer are similar to the insulation screen.

. Earth screen with inner radius rs. Construction of this metallic screen depends on cable type. An often-
used construction consists of copper wires wrapped helically around the cable.

. Outer sheath, usually polyethylene (PE), has no influence on the characteristic impedance and propagation
coefficient.

2.1.4. Three-core XLPE cable: There are various constructions of three-core XLPE cables. Each core can be
equipped with a metallic earth screen. This design does not apply a metallic earth screen around individual cores.
Instead, each separate core is only equipped with a semiconducting insulation screen and swelling tapes and a
single earth screen is applied around the composition of all three cores.It consists of the following parts: Each core
has:

> Conductor with radius rc.
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> Conductor screen, semiconducting layer extruded around conductor with thickness tcs.
> Insulation, usually XLPE, with outer radius ris. Insulation screen, a semiconducting layer around insulation
with thickness t;s.
. Filler, the space between the cores is filled with a filling material. This material has virtually no influence
on the transmission line parameters of the cable.
. Swelling tapes, semiconducting swelling tapes cover all three cores and the filler.
. Metallic earth screen with inner radius rs. This screen usually consists of helically wound copper wires.

Outer sheath, usually PE, has no influence on the transmission line parameters.
2.2. TRANSMISSION LINE PARAMETERS
A power cable can be modeled as a transmission line at high frequency. The electric circuit parameters associated
with transmission lines are resistance, inductance, capacitance and conductance. These are called primary
constants.
2.2.1. Primary and Secondary Constant: The practical line has resistance, conductance, inductance and
capacitance. All these parameters are assumed to be independent of frequency. This is called primary constant.
Apart from R,G,L and C few other constants related to the transmission line are characteristic impedance
Zc,propagation constant y, attenuation constant a and phase constant  are fixed at one frequency but its values
changes as frequency changes. These are called secondary constant. Also, total series impedance per unit length is
denoted as Z while the total parallel impedance per unit length is denoted as Y.
Z=R+joL per unit length, Y=G+joC per unit length
2.2.2. Two Conductor Transmission Line: Two conductor transmission lines have two parallel wires embedded
in a dielectric medium. The conductor acts as a good shield. A two-conductor transmission line can be considered
as uniform, if the spacing between the conductors is same throughout the line, the radius of the conductors
throughout the line is same and the insulation between the conductor is homogeneous. A 2TL can be described in
terms of the distributed series impedance Z and the distributed shunt admittance Y.
2.3. PARAMETER APPROXIMATIONS
2.3.1. Characteristic Impedance: The characteristic impedance of a transmission line is the ratio of the amplitudes
of voltage and current of a wave propagating along the line. That is, a wave travelling in one direction in the absence
of reflection in the other direction. Characteristic impedance is determined by the geometry and materials of the
transmission line and it is not dependent on its length. The unit of characteristic impedance is the ohm.
2.3.2. Propagation Constant: The propagation constant is defined by the ratio of the amplitude at the source of
the wave to the amplitude at some distance. It has a real part and an imaginary part. Propagation constantis  y=
atjB Where, a —real part, is called the attenuation constant., p—~imaginary part, is called the phase constant
2.3.3. Attenuation Constant and Phase Constant: Attenuation constant (a) is the real part of the propagation
constant. It arises due to ohm loss in the conductors and dielectric loss in the insulation between the conductors.
The rate of decrease of power flow is proportional to twice of the attenuation constant. Imaginary part of
propagation constant of a transmission line is known as phase constant (). It is expressed in radians per unit length.
It is also known as phase-change coefficient and wavelength constant.
2.3.4. Multi conductor Transmission Line: A three-core cable with common earth screen has four conducting
parts. The common earth screen is the ground conductor. In the multiconductor transmission line,
. Skin effect loss in the conductors is small with respect to overall power transfer across the transmission
line.
o Dielectric loss (leakage and polarization) of the medium is small with respect to overall power transfer
across the transmission line.
The voltages and current through the three conductors are,
V=(V1,V2,V3)T, 1=(11,12,13)T

Where, Vi - voltage on i conductor and I; - current through it conductor

The per-unit-length impedance matrix Z is a 3 x 3 matrix with self-impedances off-diagonal. Due to
symmetry in a three-core cables the three self-impedance are equal. For the admittance matrix Y the same symmetry

considerations apply,
ZsZmZm YsYmYm
Zz{Zm Zs Zm} and Yz{ YmYs Ym}
mzZmZs YmYmYs
The self and mutual impedance and admittances Zs, Zm, Ys and Ym can be expressed in terms of
resistance, inductance, conductance and capacitance:

Zs=Rs+j wLs and Zm=Rm+joLm
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Ys=GstjoCs and Ym=Gm+joCm
The transformation matrix T which is used to decoupled the general solution,
114
T='N3{ 1e=a en
Jje o j2
1e3n es3n
The modal solution can be interpreted as a shield-to-phase (SP) propagation mode and two phase-to-phase (PP)
modes. For the SP propagation mode the three conductors can be regarded as one conductor of a 2TL, and the earth
screen as the return conductor. Then,
Vsp= 5(VI+V2+V3), Isp = 11+12+13
The expression for voltage Vpp, 2 and current Ipp, 2 of the second PP channel are similar to the above
equation except that V2 and 12 have to be replaced by V3 and I3.
Zsp= Y\ {(2Zm+Zs)/(2Ym+Ys)}, Zpp=2N{(Zm-Zs)/(Ym-Ys)}
ysp=V(2ZM+Zs)(2Ym+Ys), ypp=V(Zm-Zs)(Ym-Ys)
The above equation is for mutual and self-impedances of the SP and PP channel.
3. RESULTS AND DISCUSSION
The MATLAB simulation is performed depends upon the values of resistance, inductance, capacitance and
conductance to obtain the characteristic impedance, propagation constant, attenuation constant and phase constant
values. The output can be obtained for Frequency (Hz) Vs characteristic impedance (Zc), Frequency (Hz) Vs
propagation constant (y), Freq. (Hz) Vs attenuation constant (a), Frequency (Hz) Vs phase constant ().
Comparision: The values of characteristic impedance, propagation constant, attenuation constant and phase
constant are obtained theoretically and practically, depend upon the values of resistance, inductance, capacitance
and conductance. The accurate values are obtained in practical method that is, Z=1, y=4.164, p=-9.43085, 0. =4.164
but in the theoretical only the approximate value are obtained. Practical values are calculated by using Mat Lab
software. In theoretical the obtained values are Z.=1.4, y=5.19, B=-10.57, 0.=5.19. Theoretical values are calculated
by using formulas as shown in chapter no 3. By comparing theoretical and practical calculations, the variation in
the values of characteristic impedance, propagation constant, attenuation constant and phase constant are
0.4,1.026,-1.14,1.026. There is a small variation between both calculations because in theoretical calculation some
values are round off.
4. CONCLUSION
With respect to the resistance, inductance, capacitance and conductance values there is a change in
characteristic impedance, propagation constant, attenuation constant and phase constant. The characteristic
impedance, propagation constant of XLPE cables can be calculated using data from the typical data sheet. Thus,
the quality of the cable can be determined from the measured values.
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