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Abstract

In this paper, the transmission line (TL) is modeled and analyzed in the
transient state with the aid of Matlab Simulink Program. The results are compared
with the different types of TL models to approach the compromise state of the system
with very high degree of accuracy, simplest circuit configuration, and least significant
error. The selected system for application was Iraqi Northern Regional Grid (IRNG).
Another points to be explained, the results give the difference between using the
distributed parameter TL and lumped parameter TL across sending-end voltage,
receiving-end voltage, and TL current.
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List of Symbols

Vs = Sending end voltage.

Vr = Receiving end voltage.
[s = Sending end current.

Ir = Receiving end current.

Es = Supply voltage.

A, B, C, and D = TL constant.
1. Introduction

The main object of this paper is to
study the TL in the transient state by
including different TL models. The
effect of (source, C.B., and Transformer)
impedance ( Z ) is also embodied in the
modeling of the studied system including
Vs, Vr, and Is.

Previously, the transmission line
has been represented by one n section or
more than one m section, according to
the line length. This representation gives
inaccurate results in the transient
simulation that is used in the design,
control, and analysis of power systems.
So, it is necessary to know the behavior
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Z= input impedance,
N = Number of & section.
v = Constant.
£ = line length.
Ze= characteristic impedance.
v = Propagation constant = a+j3.

of TL in transient condition, to get high
accuracy in the results, which is the
scope of this paper.

J.R.Smith has proposed a method
mﬁ to determine the number of 7 sections
or the length per © section that is used in
transient studies. Another newly made
method is that presented by John .
Jrainger and Stevenson in which the
determination of Vs, and Vr in the
transient state . In this work the new
modified method is adopted based on
methods given in Refs. U This
analysis especially for long TL as it is in
fact one of the serious problem in system
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modeling. INRG is the system under
investigation wills includes different
types of TL depending on its length, so
that loaded Mosul Dam - Baiji long TL
is chosen for this investigation. In this
work, a new technical for representation
of TL by Matlab Simulink "' is used due
to is accurate results,

2. Frequency Characteristics of TL
The real transmission line [
shown in Fig.(l) has length £ and
resistance, inductance and capacitance
per unit length R, L, and C, respectively
and has characteristic impedance Zc,
propagation constant y, and the
following tow-port network equation®):

{Vs] _|A Bl i
Is C D} |:Ir] il
where:

A(jo)= cosh(yl) ; B{jo)= Z;sinh(yE)
C(jo)=sinh(yL)/Z. ; D(jo)= cosh{y)
and, Z;= [(R+oL)joC]"? ;

¥ =[(R+joL)joC]"

So the TL frequency characteristics are
relationships of A, B, C, D as shown in
equation (1) in term of frequency w. The
TL can be represent by multiple
mlumped parameter "1 as shown in
Fig.(2).

vaiuusly', the line shown in
Figure (2) can also be represented by a
two-port network equation:

Vs'| (A" B ¥ 2
'] |c D
From values of A’, B’, C’ and D’,
which belong to equation (2), it could be
found that the frequency characteristics
which is used to compare with equation
(1) to find the percentage error which

depends on the number of & sections.
Appendix (A) shown how those values
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were calculated, A’, B°, C'.D° and
number of © sections percentage error.

2.1 Compuiation of parameters and
Analysis of TL

Taking the Mosul Dam- Baiji TL
parameters as shown in Table (1). A(jw),
C(jw) can be obtained using equation
(2). If the number of = sections is given,
the amplitudes of A’ and C’ together
with €A and €C in terms of frequency ©
can be computed. Some of the computed
results are shown in Fig.(3), Fig.(4), and
Table (2). Fig.(5) is a flow chart shows
how those constants were calculated.

From Figures (3} and (4), it could be
seen that:
The amplitudes of A and C are

vary periodically with frequency; the

amplitudes of A and C are vary
approximately in accordance with the
cosine and sine respectively.

If the number, N, of & sections is
large enough, the amplitudes of A’ and
C’ are also vary periodically with
frequency in coincidence with A and C
respectively, but the range decreases
with the increase of frequency.
Consequently, the variation periods of
A’ and C’ differ from those of A and C.

The differences between A’,A and
C*,C vary directly with frequency and
inversely with the number of x sections.
By using methods given in Fig.(5) and
appendix (A) the results for Mosul Dam —
Baiji TL, where found and given in table
(2). Where for transient simulation time
equal to 6.5msec and the number of =«
sections N=2 with error about 3%.

This approach to analyzes the TL
is similar to that used for deriving the
steady-state voltage and current relation
for the long line with distributed
constant. To measure the distance x
along the line from the sending end to
the differential element of length Ax, as



3.1

I
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shown in Fig.(3) the voltage v and
current { are function of both x and r so
that there is a need to use partial
derivatives ¥, The voltage is expressed
by v = ff x =t ) ,where v=1/
JIC Ref.*l,

From the differential equations of
the TL [2], we can represent the TL by
Matlab Simulink as shown in Fig.(4).

Voltage Profiles

In practical, power lines in the
steady state are affected by Surge
Impedance Loading (SIL) during small
load conditions up to multiples of SIL,
depending on line length and line
compensation, and during heavy load
conditions © ., Fig.(5) shows voltage
profiles of lines with a fixed sending-end
voltage magnitude Vs for line lengths €
up to a guarter wavelength. This figure 15
for loading conditions:

The voltage profile at no load,
Vr=Vs/cosh(y(;, assuming that y = o+ jp.

The voltage profile at SIL is flat,
Vr=Vs.

The voltage profile at full load,
Vr= certain value,

The wvoltage profile at short
circuit, ¥Vr=0.

Fig.(5) summarizes these results,
showing a high receiving-end voltage at
no load and a low receiving —end voltage
at full load. This voltage regulation
problem becomes more severe as the line
length increases, to solve this problem
shunt compensation methods are used
Ref P8, In the transient state the profiles
of voltage is complex, which is the scope
of this paper.

4. Simulation Procedure

In this work, the analysis of TL
procedure used to perform the simulation
by the proposed model would be
presented here. The simulation have
been made with the use of the step-by-
step solution with (dt=0.0005) and the
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simulation time period is (Tmax=0.04
sec). The used program is Matlab
version 6.0 (2000) to which fast
solutions could be obtained with the
complex numbers,

5 Simulation Results

Simulations were performed for a
model system, Fig.(7),with the given
parameters in table (1).

The result features are taken
voltage in p.u. versus time in second for
the following cases, 2mlumped
parameter, 4m lumped parameter, and .
107 lumped parameter those three cases
are given in the same figure. Three cases
of switching transient of an equivalent
voltage source being suddenly closed on
a long TL , 247km 400kV, with the
receiving-end open are simulated. The
input impedance is taken as pure
resistance or pure inductance and the
results for voltage wave of sending and
receiving ends are shown in Fig.(9) to
Fig.(12). The current profile also has
been taken. And its given in Fig.(13).

7 Conclusion

This paper presents a new result
with the inclusion {Z) effect (source
impedance, C.B. impedance, and
Transformer impedance), which are
lumped in one impedance (Z). The
sending end voltage and receiving end
voltage waves are given for Z=R or
Z=jX, the influence of this change of
impedance can be seen from the
comparison of voltage waves for the two
cases,  Factors  influencing  the
discrepancies between the distributed
and lumped parameters models are
investigated over the voltage and current
profile. The n section lengths of the line
models used in different transient cases
are given in the results, Number of
7 section can be determined with any
frequency range.
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It could be seen that increasing
number of 7 section gives higher degree
of accuracy. This proposed method is for
three phase TL.

Appendix A:
In order to find those values, A’, B', C’

and D, there are two ways those are:

By relating Fig.(2) and equation (2)
to get equation (Al) which gives Table
(Al).

e e e

In case of using ome 7« section the
following expressions could be obtained:

Ao=Do=1+0.5ZY
Bo=27

Co=Y(1+0.25ZY) (42
Do= Ao

Where Z = RN + joLON , Y =

joCEN and N the numbers of the used &
sections ., The parameters those given in

Table (A1) may defined as:

At N=1 = Ao, Bl =Bo, Cl=Co
and D1 = Ao,

AtN=2  A2=Ao*+ BoCo,

B2 =2 AoBo, C2=2 AoCo

and D2 = A2,

AtN=3 A3 = Ao +3A0BoCo,

B3 = 3A0°Bo + Bo’Co,

C3 =3A0°Co + Co’Bo and D3 = A3,
At N=4 A4 = Ao* + 6A0°BoCo +
Bo®, B4 = 4A0°Bo + 4A0Bo’Co,

C4 =4A0’Co + 4A0BoCo?

and D4 = A4,

2- The frequency characteristics also
could be obtained from Vs, Vr and Is’
with the second terminal of the line is
open circuited:
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Ar(_]ﬂ})— Vs' (_]0])
vr (jo)
C (jo _ Is'(jo)
Ve (jo)
and when any one of the three variables
Vs’, Vr’, and Is’ is known, e.g. Vr’ the
other two variables can be determined.

It is obvious that the substitution of
the distributed parameter model by the
multiple =m models assures an
introduction of a significant error. This
error is defined as:

max{A(jo) -|4 (o)}

.(A3)

T maxAGo))
_max{d(jo)|-|4 o)}
B = maxEA{jm)| } ...(A4)

e=max{(s,, &)}

Where @ is the frequency with a
variation range of 0 < 0 < oy,

In the previous equations those
contain A(jm) and C(jw) are uniquely
depend on o, while A’(jw) and C'(jw)
are depend on ® in addition to the
number, N, of n sections. Consequently,
the error € will be very small in case of
the large value of N. So according to the
predicted permissible error €, and
frequency range, the number, N, of n
sections could be obtained.

It is necessary to point out that
only the errors of the amplitudes of A’
and C* are considered here, as the errors
of the phase angles of the related A’ and
C’ are small enough and varies in the
same sense of amplitude variation. Such
that the amplitude errors would be
depended merely and that of phases’ are
neglected.
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Table {Al] The relahunshlp hehveen No. of 7 sections
and the values of A’. B’. C’and D’.

......... cosh(y! )
Bl B2 B3 | B4 | .......| Zsinh(yl)
Cl C2 C3 | C4 | ... | sinh(ylVZ
Dl D2 D3 & - S cosh(yl )
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R,L,C,I ’

Vs Vr

Fig.(1)The distributed parameter model of a transmission line.

RI'N joLlaX Rl jall/N

RN jull/N
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Fig.(3) Frequency characteristics of A(jo) , magnitude vs. frequency e, for the TL that
parameters as given in Table (2); where:

{a) Numbers of m sections (N =1,2,4.30).

(b) Numbers of & sections (N =10,20,30).
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Fig.(4) Frequency characteristics of C(jw) , magnitude vs frequency o, for the TL
that parameters as given in Table (2) ; where:

(a) Numbers of 7 sections (N =1,2,4,30),
{b) Numbers of x sections (N =10,20,30).
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Input R, L, C, 1, ®, €5, N,

] Compute A(jw),C(jo) by Eq.(1)

Compute A’(jo), C'(jo) by Egq. (A3)
1 Compute €, €,, €c by Eq. (Ad)

Print N, €, €c, €

Fig.(5) Flow Chart for Determining N.
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Fig.(6) Schematic diagram of an element section of a transmission line. Voltage
{v) and current (i) are function of both (x) and (1). The distance () is measured
from the sending end of the line.

Fig.(7) Block diagram of an element section of a transmission line
& which is represented by Matlab Simulink .
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Vr=Vs/cosh(yl )

Vs SiL. Vr=Vsg

M@q\
%7 Vr=at full load

W=l
Receiving end

Sending end

Fig.(8) Voltage profiles with fixed sending-end voltage for line
lengths up to quarter wavelength,
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distributed parameter models; (b) 4z lumped parameter and distributed parameter models;
(€y1der ------ lumped parameter and —— distributed parameter models.
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Fig.(10) Receiving-end voltage with receiving-end open (Z=jX): (a) 2n lumped parameter and
distributed parameter models; (b) 4w lumped parameter and distributed parameter models;
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Voltage {(p.u.)

Voltage (p.ou.)

Vvoltage (p.u.)
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Fig.(13) sending-end current with receiving-end

open (Z=jX}: (a) 2n lumped paramcter

and distributed parameter models; (b) 4n lumped parameter and distributed parameter

models; (¢) 10m - - ----] lumped parameter and
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distributed parameter models,
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