International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

www.ijisae.org

1JISAE

ISSN:2147-6799 Original Research Paper

A Comparative Assessment of Ferranti Effect in Power Transmission
Systems with Pl Model and Distributed Line models

Venu Yarlagadda !, Chava Sunil Kumar ?, Srinivasa Rao Jalluri 3, B. Devulal 4, Giriprasad Ambati®
Submitted: 03/05/2024 Revised: 16/06/2024  Accepted: 23/06/2024

Abstract The Cenozoic era of power system is with electrical energy network comprising of a huge transmission network equipped with
EHV and UHV long transmission lines. These lines are subjected to continuous variations of the distributed loads all over the network.
The subjective loads are varying with zero load to very heavy loads lead to insecurity of the power system with large variations in both
voltage and frequency of the power system. When transmission lines subjected to no load or lightly loaded operations then the Ferranti
effect will arise in the power network leading to very high over voltages. This article presents the simulation results of Ferranti effect and
its illustration in transmission lines in four stages. The first stage the long transmission line is considered with a operating voltage of
360KV line-to-line voltage in KV and standard Indian frequency of 50Hz is considered for case study for all four stages of the case
study. The stage one presents the case study results of Ferranti Effect Phenomenon with the use of MATLAB programming method. The
Ferranti Effect of the said line is analysed with the line length variation from zero to 800KM line length, the MATLAB programme used
the long line equations to obtain the receiving end voltage plot by keeping the sending end voltage at constant value of 208 KV per phase
voltage. In the second stage the system with same parameters has been used to carry out by using a PI line model of Simulink blocks. The
stage three with the distributed line model of Simulink blocks with same line and length variation. Finally in stage four presents the
comparison results of both pi line model and distributed line models with the variation of line length up to 800KM and illustrated the

severity of Ferranti effect.
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1. Introduction

The interconnected power network fortified with massive
number of transmission lines and these lines subjected to
the tempestuous load turbulences from no load to very
substantial loads. When transmission lines subjected to no
load or lightly loaded operations then the Ferranti effect
will arise in the power network leading to very high over
voltages [1] to [6].

The Ferranti effect of the transmission lines is most
effective parameter of the power system performance,
which effects the operation of many components of the
network to which the influence of the effective line is in
vicinity. The EHV and UHV lines are most affected by
these load fluctuations, these lines can be categorised by
medium transmission lines and long transmission lines [7]
to [13].

The next part of the article focussed on the modelling
aspects of these two lines, one is medium lines divided as
nominal T and nominal Pl networks and long lines can be
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modelled with its rigours solution or approximated as
equivalent T and equivalent PI models. All these models
have been discussed and analysed in the first part of the
article [12] to [15].

2. Materials and Methods
2.1. Power Transmission Systems

The power transmission in the modern power systems
playing a vital role and day by day the length of the lines
increasing and enhancing the need of mitigation of Ferranti
effect due to tremendous load variations. The application
of medium and long transmission lines are in the power
transmission is enormous and they lead to Ferranti effect.

The modelling of medium and long transmission lines are
crucial in analysing the root cause of Ferranti effect. This
part of the article focussed on the modelling aspects of the
transmission lines. They are three categories, first one is
Nominal T line, second is nominal PI model and lastly
long distributed line with rigorous solutions [10] to [15].

The Ferranti effect has been observed in both medium and
long transmission lines, the line is considered as medium
transmission line if the line length is less than or equal to
200 km and these lines can be analysed using Nominal-T
and Nominal-IT configurations [7] to [10]. The line with
more than 200KM can be considered as a distributed long
line which requires a rigorous solution or with equivalent T
and equivalent PI models. The following sections devoted
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for the modelling of all these types.
2.2. Nominal-T Configuration

In Nominal-T configuration as illustrated in Fig.1, the total
shunt capacitance of line is lumped at the midpoint of the
transmission line and the line inductance is divided into
two equal halves, each is concentrated at both sending and
receiving ends [1] to [4]. Fig.2. illustrating the Phasor
diagram of Nominal-T method, phasor OD1 is showing the
receiving end voltage V, and OD is illustrated the sending
end voltage Vs . The equations from (1) to (14) illustrates
the modelling of the nominal T line. The equation (12)
showing the sending end current and equation (14)
represents the sending end voltage Vs.

Ig R/2 X /2 I R2 X2

Neutral
Fig.1. Equivalent circuit of Nominal-T method
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Fig.2. Phasor diagram of Nominal-T method
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Vs=Vi+1s(2/2) (13)
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(14)

2.3. Nominal- IT Configuration

In Nominal-IT configuration as illustrated in Fig.3, each
total line capacitance is sub divided into two equal halves,
concentrated at both the ends and the total impedance is
placed at middle of the transmission line [1] to [5]. The
total series impedance is concentrated at middle of the line
and the current is 15, which is the phasor sum of load
current I, and current through the load end admittance Ic,.
Hence voltage drop is ZI; and sending end voltage Vs is
obtained with phasor sum of V,and ZI;. The modelling of
the line is described with the following equations (15) to
(22). Equation (20) showing the sending end voltage and
equation (22) illustrating the sending end current I,
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Fig. 3. Phasor diagram of Nominal- IT method

If the length of the line exceeds 200 km then that line is
considered to be long transmission line where the line
parameters are distributed over entire transmission line.
Ferranti effect is predominant in long lines than in medium
lines.

Fig. 4. Equivalent circuit of Nominal- IT method

Is=11+ lc2 (15)
Is= |1+(Y/2)Vs

(16)
ls=Ir+(Y/2)Vr+(YI2) Vs a7
Vs = (1+ZY/2)VR +7Z IR

(18)
Vs =AVR + Blr (19)
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Vs=(1+ZY2)Vr +Z g

(20)
Is= CVg + DIr (21)
ls=Y (1+YZI4)Ve+(1+(YZ/2))Ir 22)

2.4. Distributed parameters line

The transmission lines with more than 200km is
categorised as a long line and Fig. 5. illustrating the
distributed long transmission line model equivalent circuit
with distributed line parameters of series impedance and
shunt admittance sections as shown in Fig. (5). The
modelling of the long transmission line has been illustrated
by the following equations (23) to (31).

One short

Fig. 5. Distributed long transmission line model equivalent

2.5. Ferranti Effect

The phasor diagram, which describing the phenomenon of
Ferranti effect is shown in below Fig.6, it is clearly evident
that the receiving end voltage is lower than the sending end
voltage under no load and lightly loaded conditions. Fig.6
illustrates the phasor diagram illustrating Ferranti effect [7]
to [10].

Fig.6. Phasor diagram illustrating Ferranti effect
3. Case Study and Simulation Results

3.1. Stage 1 MATLAB programme for illustrating
Ferranti effect

The transmission line with the sending end voltage of
360KV line-to-line voltage in KV with power frequency of
standard Indian value with 50Hz and the below Tablel.
encapsulates the Transmission line parameters for

cireult MATLAB Programme, PI line model and distributed
a?vx = dx (23) parameters line models for simulation study. The zero
dx? - dx sequence parameters have been taken as equal to three
a?vx _ yzVx times the positive or negative sequence parameters for
d"(zz a) resistances, inductances and capacitances only. The
subsequent part of the article has illustrated the MATLAB
Cle™ + C2e™™ programme for the study of line with line length variation
(25) from zero to 800KM and
r=.yz (26) Fig.7 is illustrating the receiving end voltage for
illustrating Ferranti effect of Long distributed parameters
av =clre™ — c2re "™ = 7] 27 ; H H
o = clre™ —c2re zlx (27) line of 800KM Line of 400KV with MATLAB
¢l oy €2 Programme, which is increasing non uniformly with the
Ix=—"e"" —"e (28) line length variation and hence the phenomenon of Ferranti
— (erx+e—rx I erx_e—‘rx) Effect is totally non linear in behavior and it may require
*="r 2 ) + g C( non linear control systems or modern control methods are
(29) required to address the Ferranti Effect phenomenon in
1 [eTX_p-TX Xy p=TX modern power system study.
Ix = VR Z_C(e 23 ) + IR (e Ze ) (30)
Vs] _[D —B][Vs
15] _[—C A ][IS] (31)
Tablel. Transmission line parameters for both pi model and distributed parameters line models
e . Positive Sequence & Negative| Zero Sequence
S. No Specifications d g d Remarks
sequence Values values
1 R in Ohm/km 0.045 0.14 Zero sequence value is app 3
2 L in H/km 1.4mH 4.2mH times the positive sequence
3 Cin F/km 10 pF 30pF values
4 Length in km 10010 600 V\llgg step size of Uniform variation of 100 km
Sending end voltage in
5 KV (line-to-line) 360 Per phase voltage of 208KV
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% Ferranti effect plot
cle;

clear all;

C = 10*10"-9;

% Length of the line (len) is taken as 800 km with an equal
spacing of 25 km.

len = 0:25:800;

% Total capacitance of the 800 km long line,
C_tot = len*C;

% Series inductance, L = 1.044 mH per km of line length
L = 1.4*10"-3;

L_tot = len*L;

f=50;

% For a sending end voltage of 380kV,

Vs = 360;

% phase shift,

beta = len.*(2*pi*f*sqrt(L*C));

% Characteristic Impedance is Zc,

Zc = sqrt(L/C);

% Sending end Voltage is Vr,

Vr = Vs./cos(beta);

plot(len, Vr)

axis([0 800 0 800]);

xlabel('line length in km");

ylabel('Receiving end Voltage in kV*);

o Receiving End Voltage of 360KV line-to-line voltage in KV with MATLAB Programme
T T T T T T T

Receiving end Voltage in kV

L I I I I I L
0 100 200 300 400 500 600 700 800
line length in km

Fig.7 The receiving end voltage for illustrating Ferranti
effect of Long distributed parameters line of 800KM Line
of 400KV with MATLAB Programme.

3.2. Stage 2 the illustration of Ferranti effect with PI
model

Stage two with the pi line model of Simulink blocks with
same sending end voltage of 360kv and length variation of
100km to 800km of equal spacing of 100km, Case three
with the distributed line model of Simulink blocks with
same line and length variation.

The Simulink models of the designed system have been
developed for the case study and simulated with various
line Lenths of equal spacing of 100km and simulation
results have been presented with graphs, tables and bar
charts in the subsequent sections. Fig.8 shows the Simulink
model for the system with pi model, and Table 2 shows the
Ferranti Effect results for both pi model. The Fig.9 is
illustrating the receiving end per phase voltage against the
variation of line length from 100km to 800km with pi line
model in which it is evident that for 800km length the
receiving end voltage is abruptly increased to very huge
value and hence pi model is not suitable for case study of
very long transmission lines.
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Fig.8 Simulink model for the system with PI model

Table2. Ferranti effect results for both pi model

S No line Length in| Per Phase |V: in kV under no load
km VsinkV | With Pi line model
1 100 208 207
2 200 208 207
3 300 208 207
4 400 208 207
5 500 208 207
6 600 208 207
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Receiving End Voltage of PI line model for 360KV line to line Voltage
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Fig.9 The receiving end per phase voltage for variation of
line length from 100km to 600km with pi line model

3.3. Stage 3 the illustration of Ferranti effect with
distributed parameters model

Stage three with the distributed parameters line model of
Simulink blocks with same sending end voltage of 400kv
and length variation of 100km to 800km of equal spacing
of 100km. Fig.10 illustrates the Simulink model for the
system with distributed line model, Table 3 encapsulates
the Ferranti effect results for distributed parameters line
model. Fig.11 shows the receiving end per phase voltage
for variation of line length from 100km to 800km with
distributed line model, hence it is a clear evident that the
distributed parameters line results are uniform throughout
the line length with equal incremental line length of
100km. Hence distributed parameters line is best suitable
for the simulation study of long transmission lines also
unlike pi line model.

-~

Scope2

Scope3

Fig.10 Simulink model for the system with distributed line
model

Table 3. Ferranti effect results for distributed parameters
line model

V, in kV under no load
With Distributed line
model

line Length in| Per Phase

S-No km Vein kV

1 100 208 209
2 200 208 214
3 300 208 223
4 400 208 237
5 500 208 257
6 600 208 286
7 700 208 328
8 800 208 392
9 900 208 495
10 1000 208 682
11 1100 208 1094
12 1200 208 2118

Receiving End Voltage of distributed line model of 360 KV line to line Voltage
T T T T T
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Fig.11 The receiving end per phase voltage for variation of
line length from 100km to 1200km with distributed line
model

3.4. Stage 4 comparative analysis of Ferranti effect with
P1 line and distributed parameters models

The comparative analysis of the PI model and distributed
parameters line model of Simulink blocks have been
presented in this section. Table 4 encapsulates the Ferranti
effect results for both pi model and distributed parameters
line models and Fig.12 illustrates the Ferranti effect bar
chart for both pi model and distributed parameters line
models. Hence it clear evident that the distributed
parameters line gives the accurate results for long lines
which are more than 600km line length. The variation of
the receiving end voltage in both PI line model as well as
distributed parameters lines are almost similar up to
600KM line length, after that point the PI line model is
unsuitable for the study of the phenomenon of Ferranti
Effect since it leads to abrupt results, which are impractical
but the distributed parameters line is giving the most
accurate results which are practicable.
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Table 4. Ferranti effect results for both pi model and distributed parameters line models

S. No| line Length in | Per Phase Vs in |V, in kV under no load With Pi line| 'V, in kV under no load With Distributed
km kv model line model
1 100 208 209 209
2 200 208 214 214
3 300 208 223 223
4 400 208 237 237
5 500 208 257 257
6 600 208 286 286
7 700 208 644 328
8 800 208 864 392

Comparision bar chart of Vr of PI and distributed line
models

1000
800
600
400

0
1 2 3 4 5 6 7 8

H Vrin kV under no load With Pi line model

o

HVrin kV under no load With Distributed line model

Fig.12 Ferranti effect bar chart for both pi model and
distributed parameters line models

4. Conclusions

This article presents the simulation results of Ferranti
effect and its illustration in transmission lines in four
stages. The first stage the long transmission line is
considered with a operating voltage of 360KV line-to-line
voltage in KV and standard Indian frequency of 50Hz is
considered for case study for all four stages of the case
study. The stage one is evaluated the Ferranti Effect and
presented the results with the MATLAB programme
360KV line with variation of line lengths with equal
spacing of 25KM and severity of the Ferranti effect is
plotted with a graph and is increasing with line length and
is quite nonlinear in nature and these results are evident
that it is suitable up to 600KM line length. In the second
stage the system with same parameters has been used to
carry out by using a PI line model of Simulink blocks. The
stage three with the distributed line model of Simulink
blocks with same line and length variation. Finally in stage
four presents the comparison results of both pi line model
and distributed line models with the variation of line length
up to 800KM and illustrated the severity of Ferranti effect.

The transmission line with the sending end voltage of
360KV line-to-line voltage in KV with power frequency of

standard Indian value with 50Hz and the below Tablel.
encapsulates the Transmission line parameters for
MATLAB Programme, Pl line model and distributed
parameters line models for simulation study. The zero
sequence parameters have been taken as equal to three
times the positive or negative sequence parameters for
resistances, inductances and capacitances only. The
subsequent part of the article has illustrated the MATLAB
programme for the study of line with line length variation
from zero to 800KM and

Stage two with the pi line model with same sending end
voltage of 360kv and length variation of 100km to 800km
of equal spacing of 100km, The Simulink models of the
designed system have been developed for the case study
and simulated with various line Lenths of equal spacing of
100km and simulation results have been presented. The
conclusion of this part is with pi line model in which it is
evident that for 800km length the receiving end voltage is
abruptly increased to very huge value and hence pi model
is not suitable for case study of very long transmission
lines.

Stage three with the distributed parameters line model of
Simulink blocks with same sending end voltage of 400kv
and length variation of 100km to 800km of equal spacing
of 100km. Fig.13 illustrates the Simulink model for the
system with distributed line model. Hence it is a clear
evident that the distributed parameters line results are
uniform throughout the line length with equal incremental
line length of 100km but curve is nonlinear. Hence
distributed parameters line is best suitable for the
simulation study of long transmission lines also unlike pi
line model.

The comparative analysis of the Pl model and distributed
parameters line model of Simulink blocks have been
presented in this section. Hence it clear evident that the
distributed parameters line gives the accurate results for
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long lines which are more than 600km line length. The
variation of the receiving end voltage in both PI line model
as well as distributed parameters lines are almost similar
up to 600KM line length, after that point the PI line model
is unsuitable for the study of the phenomenon of Ferranti
Effect since it leads to abrupt results, which are impractical
but the distributed parameters line is giving the most
accurate results which are practicable.
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