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The perturbation method proves successful in approximating the analysis of non-
uniform transmission lines, given that the amplitudes of the distributed
parameters remain within a reasonable range. Furthermore, the research explores
the most far-reaching generalization of this work, which involves considering
non-linear dependencies of the distributed parameters on voltage and current
histories, as well as non-uniform transmission lines with randomly fluctuating
parameters. The modeling file associated with this research validates the
parameters discussed in the analysis. The simulation results indicate a linear
output frequency response from the beginning, signifying a stable output with
minimal distortion. The perturbation technique offers a powerful tool to
approximate the solutions of the coupled differential equations, enabling
engineers to understand and design transmission lines more effectively. The
findings presented in this thesis can be applied to various areas such as power
systems, telecommunications, and signal transmission, where non-uniform
transmission lines play a crucial role.

Keywords: B Non-uniform transmission line, subharmonic currents, Series
Capacitance, voltage protection etc.

1. Introduction

Finding answers to the challenges facing power systems is the purpose of this study, which
was introduced previously and explained in more detail. These compensators are capable of
being connected to the rest of the system in one of two distinct ways: either in series or in
shunt at the terminals of the line (or even in the midpoint). There are three different types of
constraints that may be placed on the loading capacity of a transmission system: (1) Thermal,
(2) Dielectric and (3) Stability
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Compensation of the Load in the Power System is the most effective method for increasing
the system's capacity to transmit power and enhancing the voltage stability of the system.
Operating the system such that the power factor is as close to one as possible is desirable from
both an economic and a technical standpoint This will cut down on the flow of negative
sequence currents, which will ultimately lead to an increase in the system's load capacity and
a decrease in power loss. There are three types of critical loadings for a transmission line.

o Natural loading
o The limit on the steady-state stability and
o Loads at the thermal limit.

The natural loading on a compensated line is the lowest, and the steady-state stability limit is
obtained at before the thermal loading limit is reached.

If the voltage profile is not flat, then the transmission line is not functioning properly. Even if
this may not be achievable, it is still possible to attain the optimum voltage profile by
modifying the characteristics of the line using line compensators. This will allow for the
optimal voltage profile to be achieved.

o The Ferranti effect is reduced to a minimum

o It is not necessary to run synchronous generators with the under excited operating
mode.

o The capacity of the line to transmit electricity is improved after the upgrade. Line

compensation refers to the process of modifying the properties of a line or lines.

The following are some of the compensatory devices:

o Capacitors
o Electromechanical capacitors and inductors
o A source of voltage that is active (synchronous generator)

Switching allows for incremental adjustments to be made to a bank of capacitors and/or
inductors (mechanical). The terms "passive line compensators” refer to capacitors and
inductors in and of themselves, whereas "active line compensators" refer to synchronous
generators. Before moving on to the more in-depth explanation of the line compensator, we
are going to have a quick conversation on both shunt and series compensation.

Shunt compensation may be thought of as being analogous to load compensation, complete
with all of the benefits that come along with it. It is imperative that this point be emphasised
because shunt capacitors and inductors cannot be placed in a consistent fashion throughout the
line. Typically, they are linked at the terminal end of the line or at the point exactly in the
middle of the line.

Because shunt capacitors enhance the load pf, the line does not need to carry the reactive
power, which results in a significant increase in the amount of power that can be transferred
across the line. It is possible to increase the power that is transferred by shunt compensation,
but only up to a certain point since doing so would need a capacitor bank of a very high size,
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which would be impractical. There are additional and superior methods that may be used to
increase the amount of electricity that is transferred down the line. As an illustration, series
compensation, increased transmission voltage, HVDC, and so on are all examples.

When switched capacitors are used for compensation, it is important to disconnect them as
soon as possible whenever there is a light load. This will help prevent an excessive increase in
voltage as well as ferro resonance when transformers are present.

Through the use of series capacitors, the series inductive reactance of the line is partially
nullified so that series compensation may fulfil its function. This assists in | increasing the
maximum amount of power that can be transferred, (ii) decreasing the power angle for a certain
amount of power that can be transferred, and (iii) loading more. It is preferable, from a purely
practical standpoint, to keep the total amount of series compensation below or at 80 percent.
Economic considerations and the intensity of the fault currents play a role in determining the
placement of series capacitors. A capacitor connected in series lowers the line reactance and,
as a result, the amount of fault currents.

2. COMPENSATION IN SERIES USED IN POWER SYSTEMS

Compensation Paid in Series - Controlling the effective reactance between line ends may be
accomplished by connecting a capacitor in series with the line. This effective reactance may
be calculated using

Xi=X- X,
were
. X = line reactance
. Xc = capacitor reactance

A reduction in the effective line reactance may be shown to be caused by the capacitor quite
easily. This causes an improvement in the system's performance, as can be seen in the table
below.

1. The voltage drop in the line is reduced (gets compensated), which results in a reduction
in the amount of fluctuation in the end voltage.

2. Prevents voltage breakdown.

3. The steady-state power transfer goes up; it has an inverse relationship to X'I.

4, As a consequence of the preceding point, the transient stability limit rises.

The series capacitor compensator has a number of advantages, but it also has a number of
drawbacks. The capacitive reactance is described here. When combined with the total series
reactance, XC creates a series resonant circuit.

X=X+ Xoen + Xz
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The natural frequency of oscillation of this circuit is given by

Py
€7 2aJLC

1 X,
Frf

2ﬂ,x 2 C X
27f 27f

Where

f = system frequency

X .
—XC- = degree of compensation

= 25 to 75% (recommended)
For this degree of compensation
Je<f

3. OVER VOLTAGE PROTECTION OF SERIES CAPACITOR

This is because it is only then that it is necessary to accommodate the series compensation. On
the other hand, the overvoltage protection of the series capacitor may be able to remove the
capacitor from the faulty circuit. A Spark Gap (SG), a Metal Oxide Varistor (MOV), or both,
together with a bypass circuit breaker, is the standard method for protecting a capacitor from
an excessive amount of voltage. This method is shown in Figure 3. Because of this, there are
two distinct impedance states that occur during a fault:

SC

/E MOV [ x ol

. -800-600-400-200

200 400 600 800

N -05 v

Figure 1: Over voltage protection of series compensator and MOV characteristic

If there is a fault situation that involves a high current, the voltage across the capacitor will
rise to an extremely high value, which will cause the MOV to conduct and bypass the
capacitor. In this scenario, the impedance of the SC-MOV combination will be lowered to the
impedance of the MOV by itself. Even though there was only a little amount of current flowing
through the fault, The impedance provided by the SC-MOV combination is equivalent to that
provided by the parallel combination of the pair.

There are two different impedance circumstances that make relay configuration more
challenging. Without taking into account the MOV conduction, the placement of a relay runs
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the risk of overreaching and quickly losing its directional integrity. It is possible for the relay
to underreach under low fault situations if the parameters are changed while continuing to take
MOV into persistent account.

4. LITERATURE REVIEW

Jagadeesh Kumar, egtal. (2022), Linearly, the demand for electricity and the amount of money
lost in the transmission sector are growing. Transmission lines are experiencing voltage
fluctuation owing to an increase in the utilisation of nonlinear loads. The sag, swell, voltage
spikes, harmonics, open and short circuit faults are some of the issues. Swell and sag are two
of the most serious problems with power quality, and the interline dynamic voltage restorer
may help fix them (IDVR). As long as IDVR is able to execute voltage compensation at a
sufficient pace, it provides a constant energy supply across the DC link capacitance. Several
DVRs linked to different distribution feeders in the electrical system may share a common
energy storage, according to this strategy. When DVR needs correction, a SMES is used to
provide power to the superconducting magnetic energy storage system (SMES). Additionally,
fuzzy logic control was included. The suggested method's efficiency and performance are
shown in the Simulink results.

Saad, M., & Kim, C. H. (2022), For shunt-compensated extra-high-voltage transmission lines,
this research presents a unique adaptive reclosing method with two stages. First, a criteria for
measuring the exact moment of secondary arc extinction is devised, called the SAEPC
(Secondary Arc Extinction Peak-Based Criteria). The method is based on the estimated
weighted lower-order harmonics and the size of the defective phase voltage. In the second step
of fault classification, the harmonics root mean square factor (HRF) is reported, i.e. temporary
or permanent. The suggested method not only detects the quenching moment but also
recognises the kind of fault, independent of fault location, compensation level, or arc
extinction speed. It has been shown that the suggested method is able to overcome the
restrictions of current single-criterion harmonics-based reclosing methods.

Paul, S., etal. (2021), Vibration de-icing robots in power transmission lines may be powered
up using an electromagnetic energy harvester (EMEH) that was developed in this research. An
EMEH ferromagnetic core material nonlinear characteristic will be taken into account in the
design stage of the proposed work in order to provide a quick and accurate analytical model
with various design parameters for production in a MATLAB environment. By examining the
Norton equivalent circuit of the EMEH with a nonlinear Norton equivalent inductance, the
nonlinear model may be obtained. With the nonlinear model design data, a prototype is built
to evaluate the Norton equivalent circuit characteristics, AC-DC conversion, and the
maximum power transfer from the EMEH using the discontinuously conducting DC-DC
converters.

Rathore, B., etal (2021), In the power system, fault analysis (detection, classification, and
localization) is critical. WAN (Wavelet, Alienation, and Neural) is a new method for analysing
faults in UPFC compensated transmission networks. To identify and classify distinct outages,
wavelet-based approximation coefficients calculated from current signals are employed. To
pinpoint defects, an Artificial Neural Network is provided with approximated approximation
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coefficients obtained from voltage and current data from the same quarter-cycle. There are
many case studies in which the algorithm's resilience has been shown by modifying the
parameters such as the position and frequency of the sampling, the system characteristics,
noise effects, the angle of the fault initiation, and various control schemes and fault paths.

Kothari, N. H., etal (2020), Thyristor Controlled Series Compensator (TCSC)-based
transmission lines are the focus of this article, which outlines a fault categorization and fault
section identification strategy. Support Vector Machine (SVM) classifiers have been used to
categorise faults and detect problematic sections based on instantaneous current data. Using
PSCAD/EMTDC, a 400kV, 300km long, TCSC transmission line with sources at both ends
was modelled in order to test the suggested technique. 3,840 failure examples were used to
train the SVM classifier. A 99.83% accuracy rate was attained for fault classification and
defective section identification using the suggested technique after testing 14,400 fault cases
with a variety of malfunction and system scenarios.

Taheri, R., etal. (2020), Capacitor protection systems have an impact on the performance of
SCCTL protection functions. There are a number of safety features, including a fault finder.
The single line to ground (SLG) fault, the most prevalent fault type in transmission systems,
is the focus of this work, which proposes a fault localization technique in the SCCTLs that is
very precise. Using just one phasor measurement from the defective line, the suggested method
determines the fault site, making it a low-cost and high-reliability one. Since the suggested
approach does not need a communication link to obtain distant data, it may be readily
implemented on numerical relays. The sample window is shifted in the proposed approach to
find the original defect sites following signal processing. In the end, the precise position of the
fault is determined by combining the original data on fault sites with a strategy for removing
outlier data. MATLAB and DIgSILENT tools are used to model the suggested method and
implement the processing procedure. The findings suggest that the proposed strategy is
accurate and efficient.

Karunanayake, C., etal. (2019), Wind turbines with doubly fed induction generators (DFIG)
and series compensated transmission systems may reduce sub-synchronous resonance (SSR)
using a nonlinear sliding mode control (SMC). The rotor side converter is controlled using the
suggested way to reduce SSR while maintaining the DFIG's decoupled torque and reactive
power management capability. The suggested technique is validated by simulations using a
comprehensive DFIG wind turbine model from the RTDS platform. The controller was shown
to be effective in damping SSR when tested at varied compensation levels and wind speeds.

Paul, S., & Chang, J. (2019), An EMEH (electromagnetic energy harvester) for use in a deicing
robot on power transmission lines is proposed in the current study as a design procedure. For
the EMEH, both silicon (Si) and nickel (Ni) steels have been employed in order to take use of
their respective properties. A 3D finite element method (FEM) based model of the EMEH has
been compared to an analytical model in this research under the identical design specification.
The magnetic equivalent circuit model of the EMEH is used to derive the equivalent circuit
parameters. An impedance matching and maximum actual power extraction from the EMEH
may be achieved using a power optimization circuit that includes a capacitor and a buck-boost
converter, as well as the settings for this circuit. A co-simulation design platform is constructed
utilising the 3D-FEM and MATLAB linked in a python-based environment to test the EMEH

Nanotechnology Perceptions Vol. 21 No.1 (2025)



377 Krishna Kumar Srivastav et al. Analysis of Non-Uniform Transmission Lines....

and its power optimization circuit. Co-simulation platform is used to verify charging of 15 V
rechargeable battery.

Biswal, S., etal. (2018), A real-time analysis of a time-frequency based approach is provided
for a transmission line with a midpoint-connected static synchronous compensator in order to
provide differential protection (STATCOM). The online Hilbert-Huang transformation is used
to estimate the discrete Teager energy (DTE) using the first intrinsic mode function derived
from the decomposition of current signals from both ends of the transmission system.
Differential DTEs from both ends are utilised to determine whether phase of the line is
defective. EMTDC/PSCAD is used to simulate a midpoint STATCOM adjusted transmission
line model for analysis. For various STATCOM modes of operation, test scenarios such as
high fault resistance, fault inception angle, reverse power flow, saturation of the current
transformer, and change in source impedance are developed. A cross-country failure in a
double-circuit transmission system is also checked using this approach. The suggested
method's dependability, speed, and practicality have been shown by comparing it to traditional
methods.

Sharma, N., etal. (2018), The Hilbert-huang transform is used to detect and identify
problematic phases in a three-phase series capacitor-compensated transmission line linked to
a wind energy source. Single-ended fault current data is used in the suggested method. On the
proposed design, tests have been run for a wide variety of faults, each of which has its own
distinct set of fault characteristics. These characteristics include the type of fault, the location
of the fault, the fault resistance, the fault onset time, and the ground resistance. Additionally,
the ground resistance has been tested. The findings of the testing indicate that the approach
that was recommended is reliable and advantageous.

Gajare, S., etal. (2017) analytical and dynamic simulations and relay configurations need
proper model parameters of many aspects to provide exact results. Due to weather and age, it
is required to verify transmission line parameters at intervals. Methods to estimate the
parameters of series-compensated lines utilising synchronised time-domain data acquired by
intelligent electronic devices at both ends of the line are presented in this study that are free of
the compensation model. Disruption generates waves that propagate down a line, which are
used to calculate its propagation constant, which is used to determine its resistance and
impedance. Finally, the line's inductance and capacitance are determined.

Asenkane, M. J., & Carpanen, R. P. (2017) The Static Synchronous Series Compensator's
resonant properties are examined in this work. If the SSSC may produce electrical resonance
in the ling, it has the ability to trigger subsynchronous resonance (SSR) in surrounding turbine-
generator plants, according to frequency-domain features of line impedance. As part of
PSCAD's detailed investigations, the IEEE FBM model is updated. Since the SSSC produces
capacitive reactance at both the rated system frequency and at subsynchronous frequencies, it
has the ability to excite the SSR.

Zhang, Y., etal. (2016) The distributed parameter line model is used to develop a novel two-
terminal fault-location technique for series-compensated double-circuit transmission lines.
The series compensator has two subroutines, one for the left and one for the right side of the
series compensator. Because the sequence voltages estimated from two sides are equivalent at
the fault site, the voltage of a series-compensated device is deleted in each subroutine. Fault
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locator functions are designed to take use of the property that the transition resistance is
completely non-resistive at the area of the malfunction. This method does not need that the
kind of fault be known, and there are no issues with finding the location of the fault and
eliminating the pseudoroot. The excellent accuracy of the proposed fault-location approach is
confirmed in MATLAB by using PSCAD to create multiple fault instances under various
situations.

Junior, etal. (2016), An algorithm based on phase components and a heuristic technique is
presented in this study for the fault identification of series-compensated transmission lines.
For better algorithmic responsiveness, the authors provide a mathematical model of series
compensation that includes all the necessary details to appropriately depict its behaviour.
Using the Alternative Transients Program, the authors created a series-compensated double-
circuit transmission line to test their method. Accuracy is clearly evident from the findings.

Behera, S., etal. (2015), Shunt linked FACTS devices, such as STATCOM and SVC, may
improve the transmission line's power transfer capabilities by being installed in the middle of
the line. Impedance measurement errors in transmission line shunt FACTS devices are
examined as a first case study. The real-time simulations are carried out using PSCAD.
Analytical studies are used to compare the outcomes of various fault situations, different
system conditions, and different fault locations.

Capar, A., & Arsoy, A. B. (2015), New fault-finding algorithms are proposed in this study for
transmission lines that have been compensated. If the fault occurred before or after the
compensator position on the line, that fact is taken into account while doing the fault location
calculations. Determine if the fault is in front of a compensator by using an estimated MOV
impedance. Many different kinds of faults, as well as fault locations and fault resistance, were
tested on a 380 kV transmission line using a series capacitor and MOV. The findings reveal
that the algorithm correctly predicts the location of the defect in every situation.

Vyas, B. etal. (2014), A society's progress may be measured by looking at how much
electricity each person uses on a per-capita basis now. As a consequence, electricity
consumption has increased by multiples. This pushes power engineers to develop and transmit
the most practicable power along the transmission line, which results in the installation of
compensating devices since temperature restrictions are reached. The process of compensation
introduces new properties into the system. This calls for a reevaluation of the standard safety
practises that are already in place. Additionally, in order to arrive at the most effective method,
this article assesses the relative benefits and drawbacks of several strategies. Modern
procedures are given more weight. To make it easier for novice researchers to assess
alternative methodologies, the literature has been broken down into sections.

Piyasinghe, L., etal. (2014), SSRs in Type-3 wind farms with thyristor-controlled series
capacitors are detected using impedance model-based frequency domain analysis (TCSC). A
dynamic phasor-based TCSC impedance model and its use in Type-3 wind energy systems for
SSR analysis are two major contributions to this research. This work develops impedance
models for TCSCs with variable firing angles and variable impedances. Nyquist stability
criteria is used to compare SSR stability in a Type-3 wind farm with TCSC or fixed capacitor
compensation, using the obtained impedance models. It is shown that TCSCs may eliminate
SSR in Type-3 wind generator interconnection systems via the use of analytical models. An
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impedance model-based time-domain simulation in MATLAB/SimPowerSystems validates
the analytical conclusions achieved by impedance modelling.

Samantaray, S. R. (2013), It is proposed in this study that an ensemble of decision trees be
used to find the location of a fault zone in a transmission line utilising the flexible ac
transmission systems (FACTS) and the thyristor-controlled series compensator and unified
power-flow controller. An efficient method for locating fault zones is provided by the random
forests model's stack of decision trees. After the TCSC/UPFC, half-cycle post-fault current
and voltage samples from the fault inception are employed as an input vector against the
desired outputs of "1" and "-1" respectively. Fault data from a broad range of operational
parameters of the power system network, including noise, is used to assess the algorithm's
reliability and reaction time (3/4th cycle from the moment of the fault's onset). Using the RF
model, the findings of this technique show that FACTS-based transmission lines may be
reliably identified.

Varma, R. K., & Moharana, A. (2013), Large wind farms are progressively being integrated
into transmission networks to transport bulk electricity, and series compensation is being
investigated. The transmission infrastructure and the wind farm are both modelled in great
detail using a linear state space. An in-depth examination of the SSR's induction generator
effect and torsional interaction is conducted. Multiple double-cage induction generator wind
turbines, both commercially available and experimentally tested, are the subject of research.
Wind turbine generators of the same size are exposed to varying wind speeds, while turbines
of various sizes are also subjected to the same wind speed.

Kadia, J. V., & Jamnani, J. G. (2012), Series compensation has long been utilised to increase
the power transfer capabilities of transmission lines, thanks to advances in power electronics
and control engineering. A multitasking controller, the TCSC is able to enhance the overall
characteristics of an electrical power network under both normal and malfunctioning
conditions. Modeling and analysis of the performance of the TCSC controller for different
occurrences, such as a failure on a long transmission line or sub synchronous resonance, is the
focus of this research. The open and closed loop modes of TCSC are studied. Software
programme PSCAD 4.2 was used to verify the findings by comparing them to various power
system parameter values.

Maturu, S., & Shenoy, U. J. (2010), The performance of distance relays is detailed in this
article when they are used to transmission systems that are equipped with shunt FACTS
devices, such as the Static Synchronous Compensator (STATCOM). The purpose of the
research that has been presented is to analyse the efficiency of the distance relays in the event
that STATCOM s installed in the centre of the transmission lines in order to manage the
voltage. There is a presentation here of a thorough model of STATCOM and its control
technique. The evaluation of the distance relay takes into account a variety of loading
circumstances as well as potential fault sites. The defects emerge as a result of a wide variety
of pre-fault loading circumstances. The research is carried out on both 400KV and 132KV
systems, and the findings are reported thereafter. Simulation studies are performed with the
use of a piece of software known as PSCAD/EMTDC that is designed for transient simulation.

Zhang, W. H., Lee, S. J., & Choi, M. S. (2010), The use of distance relay is very vital in the
process of ensuring the safety of transmission lines. Due to the compensating effect, the adoption of
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flexible AC transmission systems (FACTS) devices, such as the static synchronous compensator
(STATCOM), might have an influence on the performance of the distance relay. On the basis of
this study, new guiding principles for the establishment of various protection zones have been
offered. Matlab/Simulink is used to create a model of a conventional 500 kV transmission system
that makes use of STATCOM. Research is being done to investigate the effect that STATCOM has
on distance protection schemes for a variety of fault kinds, fault locations, and system
configurations. The effectiveness of the distance relay is assessed on the basis of the results of the
simulation. Through the use of STATCOM, the establishing concept may be validated for the
transmission line.

5. DISCRETIZATION OF NON-UNIFORM TRANSMISSION LINE

Figure 2, shows the basic differential equations governing the voltage and current along a
transmission line that’s distributed parameters R, L, G and C which are varying along the line.
The differential equations of non-uniform transmissions line are given in equations (1) and (2)

U2 J—
l C(Z;‘_G(z;

z Z+AZ

R(Z> L{Z>

1

] ZLOAD>

Figure 2: Discretization model of non-uniform transmission line

_d‘(’f;): (R(z) + joL(2)I(z) @
LB (6(2) +joC@)V(2) ©)

From equation (1)

V'(2)

1(2) = "R(Z)+HwL(Z) (3)

Substituting (3) into equation (2)
L () = (6(2) + JoC@)V(D) @

dz \R(Z)+]wL(Z)

V'(2) R'(Z)+joL'(Z) |, . _
(R(Z)+]wL(Z)) —( COErTOM (2) — (G(z) +jwL(z)) = 0 (5)

Now we will calculate v’ (z)
Where

A= ((G(@) +JwC(@)(R(2) + JoL(z) (6)
Where
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A%= Function of z
Let

R/ (Z)+jwL'(Z)
(R(Z)+]wL(2))

B (z) = A2
Where, R (z) = Ro+R1sin(Bz) @)
L (2) =Lo+Lasin (Bz +2) (8)

A@)=(

C (2) =Co+Cssin (Bz — g) 9)

G (z) =Go+Gssin (Bz) (10)
Where

2 R
potir =ttt
1< n <100
A=1/10

Discretize Equation (11) with step size A

Where z=nA n=0,1,2. ..o, N-1
NA=d

After this Discretization, this second order differential becomes a second order difference
equation.

Initially condition Vo=1
Final condition (load) Vh=Z< load >.1(d)

Thereafter we can calculate Iq and V. values for values of A.

6. PERTURBATION THEORY OF NON-UNIFORM TRANSMISSION LINE

Perturbation theory is applied to the solution of inhomogeneous transmission line equations.
These line equations are

—v, = L(@)i; + R(2)i
—i, = C(2)v; + G(z)v
Where R (2), L (2), C (2), G (2) is the distributed parameters of the line. We assume that these
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distributed parameters have a strong constant parts and a constant weak varying part.
R(z) =R, + €.R;(2)
L(z) =L, +e€L;(2)
G(z) = Gy + €.G1(2)
C(z) =C,+€eCi(2)
Assume constant frequency ®. Then the line current and voltage phasor I (z), V (z) satisfy.
V' = (R +jwL)I
—I' = (G+ jwC)V
Or in matrix notation

N % (Y((ZZ))) - (G(Z) +0jcoC(z) K +0ij(Z)) <\I/((ZZ)))

We can write

(0 R(z) +jwL(z)
A(Z)_(o G(z)+ju)C(Z))

= AO + GAl (Z)
Where,

A= ( 0 R, + ijo)

Go + jwC, 0

_ 0 R;(z) +jwL,(2)
MO=(g e o)

Is a slowly varying matrix. We expend the solution in power of ¢, i.e.

(1) = 202" ()

Substituting this in to the governing differential equations with the notation X,(z) =
(V,(2),1,(z))T and equating equal powers of € gives

Xo(z) = AgXo(2)

Xn(2) = AgXn(2) + A1 (2)X,-1(z),n=0,1,2 ... ...
The solution is

Xo(2) = exp(zA,) Xo(2)

Xn(2) =[5 exp ((z = w) Ag)A; (WXp—q (Wdu,n > 1

Iterating this scheme we get
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Xn(2) = f 0z — u)A; W QU; — uz)Az (W) ... @(Up_y

0<up<up-_1<.<u <z
—uy)A; (up)e(u,)duyduy_q .....duy | X(0)

Where, ¢(z) = exp (zAy), suppose that we have solved the problem up-to 0(e™). This
approximate solution can be written as

X(z) = ¥, (2)X(0)
Where

N
U@ =1+ ) €N f 0(z = up)A; (uy) - @(un_y
n=1

0<up<up—1<.<u <z

—uy)A; (up)e(uy)du,duy_q .....duy

The 2 x 2 matrices Wy (z)for various values of ze[0,d] are computed by approximating the
multiple integrals with discrete sums. For example,

N
Wn(k) =~ 1+ Z eNAn f @k — kA (k) .. o(kp_q

n=1 0<kp<kp-_1<.<k;<k

- kn)Al (kn)(p(kn)

Where A= (d|k) and. In other words, the entire length has been divided into K equal’s part
and the k=0,1 ,2,3............... k-1 multiple integral has been replaced by a multiple sum.

Where, Z = nA
N=012.....cc.cocee.......N—1
NA=d,A=1-=100

R;(z) = sin (((2 * O * %))
L1(z) = sin (((2 * m*n)/(100 + )—;)

C1(z) =sin (((2*m=n)/(100 — 3)
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7. SIMULATED RESULTS OF DISCRETIZATION METHOD

We have simulated the propagation of voltage along a transmission line having non-uniform
distributed parameters. We started by writing down the basic transmission line equations by
applying KVL and KCL to infinitesimal section of the line. Then eliminating the current
variable, we arrived at a single second order linear ordinary differential equation with non-
constant coefficient for the voltage phase at a given frequency. We approximated that
differential equation by a difference equation and solved it using MATLAB. Our simulation
results show the voltage along the line as a function of the distance from the source and
frequency variable. Figure 3 shows the plot of voltage with distance (z) when the distributed
parameters and frequency both are constant. This shows that the voltage is decreasing
exponentially w.r.to distance (z). Figure 4 shows the plot of voltage with distance (z) when the
distributed parameters are non-constant but frequency is constant. This shows that the decrease
in voltage variation w.r. to distance (z) is exponential. Figure 3 shows the three dimensional
plot of the voltage phasor as a function of both the variables frequency and distance from the
source end. This shows that there is variation in voltage in normalized distance range of 0 to
50 but in the normalized frequency range of 0 to100 there is no more variation in voltage. This
three dimensional plot can be used to determine spectral density of voltage waveform along
the line when the input voltage is a stationary random-process. This can be used to estimate
the distributed parameters from measurement of correlation of the voltage waveform along the
line. We have considered six different cases for both fixed values and varying values of
primary constants. The corresponding simulated results are given in Figures 5-10.

The cases are given below

Case 1: When 1/RC = 1/J/LC where variations are in the primary constants derived from
Equations (11)-(14) with normalized frequency and distance both. Result for the case is
already discussed by using the Figure below.

Case 2: When 1/RC >> 1/NLC where variations are in the primary constants derived from
Equations (12)-(15) with normalized frequency and distance both. Figure 7 illustrates three
dimensional plot of the voltage phasor as a function of both the variables frequency and
distance from the source end. This shows that there is voltage strength in normalized distance
range from 0 to 35 and negligible in remaining distance range but in the normalized frequency
range of 55 to 75 voltage strength is decreasing, at starting and at the end, it is increasing.

Case 3: When 1/RC << 1/NLC where variations are in the primary constants derived from
Equations (12)-(15) with normalized frequency and distance both. From Figure 8 it is observed
that the results are almost similar as in case 1 or Figure 6.

Case 4: When 1/RC = 1A/LC for fixed primary constants with normalized frequency and
distance both. Figure 9 illustrates a three dimensional plot of the voltage phasor as a function
of the variables, frequency and distance from the source end. This shows that the voltage
strength is compared to other cases mentioned above is high for all normalized distances.

Case 5: When 1/RC >> 1/\LC for fixed primary constants with normalized frequency and
distances both. Figure 10 illustrates three dimensional plot of the voltage phasor as a function
of both the variables frequency and distance from the source end. This shows that there is
variation in voltage in normalized distance range of 0 to 70 and above the distance range 70
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voltage strength is negligible but in the normalized frequency range of 0 to10 variations in
voltage is negligible and after that there is a comparatively high strength.

Case 6: When 1/RC << 1/\LC for fixed primary constants with normalized frequency and
distances both. From Figure 10 it is observed that the results are almost similar as in case 4 or
Figure 8.

Case7: When 1/RC >> 1/\LC for fixed practical values of primary constants with normalized
frequency and distances both.

Case8: When 1/RC << 1/JLC where variations in practical values are in primary constants
derived from equation (13-16) with normalized frequency and distances both.

Case9: Voltage variations with distance (z) whenw =1, w =3, 0w = 6,w = 10,0 = 12.
Figure 1 = =) “
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Figure 3: Voltage variation with normalized distance (z) for fixed frequency but varying
primary constants.
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Figure 4: VVoltage variation with normalized distance (z) for fixed frequency and primary
constants
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Figure 5: Voltage variations with normalized frequency and distance for the variable primary
constants (1/RC> 1/LC)
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Figure 6: Voltage variations with normalized frequency and distance for the variable primary
constants (1/R=1/LC)
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Figure 7: VVoltage variations with normalized frequency and distance for the variable primary
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constants (1/RC « 1/LC)
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Figure 8: Voltage variations with normalized frequency and distance for the fixed primary
constants (1/R=1/LC)

8. SIMULATED RESULT OF PERTURBATION METHOD

In our method we consider the non-uniform transmission line and we have simulated the
propagation of voltage along this line which have distributed a small perturbated parameter €
is attached to this weak varying part. We expand the voltage and current in power of € and
solved in form of differential equation by Dyson series which is analogous to that used in
perturbated theoretical quantam mechanics. Simulations are carried out using MATLAB. The
result shows that the voltage along the line is a function of distance from the source and
frequency variable. Figure 7 present the plot between the voltage and distance. ( i.e. voltage
w.r.to distance), where the constant part having the values are Ro=1, Lo=1, Co=1, Go=1 but
there is no change in the varying part of the primary constant at a fixed normalized frequency
®=1. This shows that first voltage rise than decrease and rise w.r. to different normalized
values of the distance (z). The maximum peak voltage is at 50, the value of normalized distance
(2) than after it decreases for the range of normalized distance 90 to 100. There another change
in voltage means that the voltage will rise after the normalized distance (z) value of 95. Figure
4 shows the three dimensional plot of voltage phasor as a function of both the variable
frequency and distance from the source end. The constant part of the primary constant contains
the values of Ro=1, Lo=1, Co=1, Go=1 but there is no change in the varying part of the primary
constants.

This figure present that there exist the voltage strength in the whole normalized distance range
but for the frequency range of 0 to 20 the voltage strength is decreasing at the starting but there
after there is a good voltage strength. Figure 5 show that the three dimensional plot f voltage
phasor as a function of both the variable frequency and the distance from the source end.
Constant part contain the value ofRq=1, Lo=100, Co=1, Go=1 but the varying part will remain
same. From the figure we can conclude that there exist voltage strength for the whole range of
the normalized distance but for the normalized frequency range of 0 to 10 voltage strength is
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decreasing at the starting but after that there is good voltage strength.

Figure 6 shows three dimensional plot of the voltage phasor as a function of both the variables
frequency and distance from the source end. The constant art contains the values of Ro=1,
Lo=0.01, Co=1, Go=1and the varying part remain same. This figure shows that there exists
voltage strength for the whole range of normalized distance but at the starting normalized
frequency voltage strength is weak and after this there is good voltage strength. Figure 7 shows
the two dimensional plot of the voltage phasor as a function of distance from the source end
for different fixed frequencies for v= 10, 25, 1, 50, 75, 100. Constant part contains the values
0fRo=1, Lo=1, Co=1, Go=1 and the varying part will remain same. This figure shows that with
increase in the normalized frequency the voltage strength will also increase. Better voltage can
be seen that when the frequency @=25, 50, 75, 100. Or we can say that the voltage strength is
weak for the lower range of normalized frequency. This type of transmission lines can be used
for high frequencies systems.

Voltage

o 10 20 30 40 50 60 70 80 90 100

Figure 9: Voltage variation with normalized frequency (w=1) but values of constant part
0fRo= 1, Lo= 1, Co=1, Go=1 and varying part is same
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Zz{Distanc ) w{Frequenc y)

Figure 10: Voltage variation with normalized distance (z) for fixed frequency (w=1) but
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values of constant part of primary constants are Ro= 1, Lo= 1, Co=1, Go=1 and varying part is
same

Weltage

Z{Desk nave) wiFrequency)

Figure 11: Voltage variation with normalized Distance (z) for fixed frequency (®) but values
of constant parts of primary constants are Ro= 1, Lo= 100, Co=1, Go=1 and varying part is
same

Vhltage

Figure 12: Voltage variation with normalized distance (z) for fixed frequency (®) but values
of constant part of constants are Ro= 1, Lo= 0.01, Co=1, Go=1 and varying part is same
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Figure 13: Voltage variation with normalized distance (z) for fixed frequency ®=10, 25, 1,
50, 75, 100 but values of constant part of primary constants are Ro= 1, Lo=0.01, Co=1, Go=1
and varying part is same

9. CONCLUSION

This type of transmission line can be used for high frequencies systems. In summary, the
successful approximation using the perturbation method is achieved provided the amplitudes
of the distributed parameters are not too large. The most far reaching generalization of the
work is carried out in this thesis is the following. The distributed parameters along the line are
nonlinear function of voltage and current histories up to time t. Models for these dependencies
can be obtained by

€)) By considering the B-H hysteresis curve which gives the inductance as a
functional of the past current values.

(b) By considering ohmic heating of the resistances cause the temperature changes
in the resistances there by affecting the resistance values. Since ohmic temperature increment
depends on the past i%(t) values it follows that the resistance are also functional or the past
current values. The transmission line equations then become a set of non linear integral
differential equations and perturbation methods are need to be developed to solve these
equations.

(c) Non uniform Transmission lines with randomly fluctuating parameters.

In Modeling file it is been created a short transmission line which has parameter as discussed
above. It has clearly shows that the output graph of frequency becomes linear just after the
simulation starts. It has clear that the transmission line has stable output and very less
distortion.
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