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Investigations on hybrid line stability ranking index with polynomial load modeling
for power system security

Introduction. In recent years, numerous non-renewable and renewable energies are connected to the grid to meet the demand. Also,
transient variation with loads poses the shortcomings for generating units, transmission and distribution networks. In this regard, the
study on choice of suitable load modelling is essential to predict the system characteristics. The aspect of the research design is a
ZIP load model, which, when combined with contingency criteria and constant-impedance, constant-current, and constant-power
loads, produces realistic and long-term load representations. Purpose. The proposed technique, infers the single transmission line
outage for obtaining the contingency ranking to ensure the system behavior. Methods. The proposed mathematical model with hybrid
line stability ranking index has been used for observing the stability analysis with and without considering unified power flow
controller. Results. The power system involves many unpredictable conditions or contingency conditions like single transmission line
outage, double transmission line outage, generator outage and load variations. This paper mainly focuses on the single transmission
line outage for obtaining the contingency ranking. Practical value. The recommended stability analysis has been very beneficial in
establishing a secure transmission power system. References 19, tables 8, figures 3.

Key words: hybrid line stability ranking index, power system security, unified power flow controller.

Bemyn. Ocmannivu poxkamu 015t 3a00801eHHA. nonumy 00 Mepedici niOKmovacmcs Oe3niy HegiOHOGNIOBAHUX | GIOHOBTIOBAHUX Odceper
enepeii. Kpim moeo, nepexiona 3MiHa HABAHMANCEHHS. CMEOPIOE HEOOMIKU OJisl 2EHEPYIOUUX YCMAHOBOK, Nepedarodux ma po3nooLibyux
Mepedic. 'V 363Ky 3 yum O0OCHIONCEHHA 3 Memolo ubOpY 6iON0GIOHO20 MOOENO8AHHA HABAHMANCEHHA MAE 8ANCIUSE 3HAYEHHS O
NnpocHo3y8aHHA xapakmepucmuk cucmemuy. OOHUM i3 acnekmie no6y008u 00CTiONCEHHs € MOOeTb Ha8aHmaiceHHs ZIP, sika y no€OHawHi 3
Kpumepisimu Henepe0OaveHux oOCmasun ma HABAHMAMCEHHAMU 3 NOCMIUHUM IMNEOAHCOM, NOCMILIHUM CHPYMOM Ma NOCMIIHOI
NOMYHCHICIIO A€ peanicmuyni ma 00620CMpPOKO6i yseieHHs Hasanmaxcenns. Mema. Ilpononosanuti memoo nepeobauae iOMo8Y OOHIET
JHIT nepedayi 0 OMPUMAHHA PelimuHzy HenepeobaueHux o6cmagur 0 3ades3neueHts nogedinku cucmemu. Memoou. 3anpononosana
MamemamuyHa Mooelb i3 PelmuHe08UM IHOEKCOM CMIUKOCMI 2IOPUOHOL JHIT 6UKOPUCIOBYBANACS Ol CHOCMEPENCEHHS. 34 AHAI30M
cmitikocmi 3 YpaxyeanHam ma Oe3 ypaxyeanHs YHi(iKkosanozo KoHmMpoaepa nepemikanus nomyxchocmi. Pesynomamu. Enepeocucmema
sKIOUaE Oe3ni Henepedbauy8anux ymos abo Henepedbauenux oOCMasuH, MAaxux K GIOKIIOUeHHs OOHIEL Minil nepedaui, GiOKIOYEHHs
N00GiLIHOT NiHII nepedaui, GIOKTIOUEHHsL 2eHepamopa | KOIUBAHHS HaeanmaicenHs. L] poboma npucesuena iOKMOUeHHIO OOHIEL JIHIT
eflekmponepeoayi Oia OmpuMants peiumuney Henepeobauenux oocmasun. Ilpaxmuuna yinnicms. Pexomendosanuii ananiz cmadinbHocmi

BUABUBCS OVIHCE KOPUCHUM NIO 4AC CMBOPeHHs HAOIliHOT cucmemu nepedadi enekmpoenepeii. biomn. 19, tabmn. 8, puc. 3.
Knrouoei cnosa: inaexc cTiikocTi ribpuaHoi JiiHii, 0e3neka eHeProcucTeMHU, €AMHUN KOHTPOJIEP HOTOKY NOTYKHOCTI.

1. Introduction. Multilevel electricity is necessity
of the maximum elementary condition of the
contemporary world. Hence, safeguarding the safety of
the power system is identical important. The major goal
of power system security is to deliver consistent power to
the clients short of disruption, harm to the user
utilizations, and financial process of the power system.
But such a power system is also disposed to numerous
problems like the transmission line outage, the generator
outage, the rapid increase in load demand, the loss of a
transformer, etc. which are known as contingencies.
Power system safety is one of the keys stimulating
errands in the power system. The gears of blackouts due
to contingency in the power system are fetching extra
frequent in new times. It causes substantial losses to the
industries and gravely disturbs the daily life of a common
man. Thus, it is significant to accept a precise and active
measure to stop the propagation of contingency to other
lines which is the major cause of the blackout.
Contingency analysis is used for fast guessing the system
stability right after the outage or any abnormal conditions.
The purpose of the contingency plan is to ascertain the
change within the device’s functioning, which can occur
after the fault element is removed. Large violations inline
flow may end in single line outages which may cause
cascading effects of the outages and may also cause
overloading on the other lines. If such overload results
from a line outage there’s an immediate essential for the
regulator action to be taken. Therefore, contingency
analysis is one of the prime important tasks to be met by
the power system planners and operation engineers.
Several steady-state and dynamic contingency ranking
methods are used for contingency screening [1, 2].

Load models may be used to predict how loads will
respond to changes in voltage or frequency. It's important
to choose a load model that is easy to understand and can
appropriately represent a variety of load response
situations while executing. In this study, the effects of
steady-state and polynomial load models are examined.
This model is less precise than the polynomial load model
because it depicts a combination of three different sorts of
features in a single load. It is possible to express resistive
loads, induction motor loads, and variable-frequency
loads in a polynomial load model by using the constant
impedance, the constant current, and the constant power.
As a result, the polynomial load model is more accurate
since it accurately depicts load [3].

During any disturbances in the system, the stability of
the system becomes vulnerable and there is a high risk of
moving towards global instability or total collapse, or even
blackout if preventive actions are not taken quickly. When
installed and calibrated properly, flexible AC transmission
system (FACTS) devices may alleviate several power
system problems including contingency. FACTS devices
have shown good performance in solving the contingency
issues of the power systems. An index-based strategy for
placing FACTS devices is found to be extremely precise
and computationally efficient. Static and dynamic analyses
of the system are both possible using this tool. The two
most affected parameters due to contingency in a
transmission system are line loading and voltage stability.
The line overload index and voltage stability index must be
combined to estimate system stress under emergency
situations. Line stability index is easier to calculate, takes
less time, and can identify weak buses [4, 5].
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Unified power flow controller (UPFC) is the most
adaptable and versatile FACTS device [6, 7] due to its use of
both series and parallel inverters connected by a shared DC
connection. FACTS devices are placed on the most severe
line to reduce the severity of the line. A hybrid stability
ranking index has been used for contingency ranking. The
position of the UPFC is recommended to be on the line with
the greatest chance of severity. UPFC is tuned for providing
compensation [8]. The proposed method is implemented and
tested on IEEE 14 and IEEE 118 bus system.

In this paper, section 1 briefs the polynomial load
model or ZIP (constant impedance Z, constant current 7,
constant active power P) modelling and other existing
modeling. Section 2 gives an overview of the contingency
ranking approach and represents the contingency ranking
process in a flowchart. Section 3 gives an overview of the
steady-state and polynomial load model used to analyse
the contingency. The developed mathematical model
incorporated with Newton-Raphson method is used for
analysing the stability of the system. Section 4 explains a
hybrid line stability index, which is used to assess the
stability of the lines between two buses. According to the
value of this index the lines which are under stressed
conditions can be identified. Section 5 explains the
algorithm used for ranking the contingency in the power
system is explained. Section 6 gives an overview of the
UPFC. It is placed in the most severe line and simulated
to provide compensation. Section 7 shows the results
obtained for load modelling and then the results obtained
while performing single line outages are shown. From
these results, the most critical lines are identified and
compensated. The results obtained before compensation
and after compensation are compared and section 8
reviews the complete effort done and concludes the study.
It clarifies the robustness and usefulness of the slants
accessible in this paper.

2. Contingency ranking approach. Contingency
analysis is a fit know function in modern energy
management systems. Contingency analysis of system
may be a main movement in power grid planning and
process. Generally, an outage of single line or transformer
may lead to overloads in other branches and also cause
sudden system voltage rise or drop [9]. The power system
security can be analyzed by ranking the contingencies
based on the severity of the contingency. It consists of
three basic steps to make the analysis easier [10, 11]. The
three steps are contingency creation, contingency
selection, and contingency evaluation.

Contingency creation.

It involves of all set of likely contingencies that may
arise in a power system. This step consists of generating
contingency lists.

Contingency selection.

In this step severe contingencies are selected from
the list that leads to the bus voltage and power edge ruins.
Least severe contingencies are eliminated to minimize the
contingency list. It uses line stability index to find the
sternness of contingencies.

Contingency evaluation.

It is the utmost weighty step which embraces essential
control and safety actions in order to lessen the effect of
contingency. There are various types of contingencies such
as line outage, bus outage and transformer outage. Line
outage is analyzed in this paper as it is the most occurred
contingency in the system (Fig. 1).

Read base case results
T

v

Select the maximum % loading line among
the results

L

v

Select 1st line outage based on 1P1Q

v

List out number of lines are
overloaded

Find maximum % loading of outage condition & select
he next outage of the line which is unique from the previous
case and closing previous outage

b

l List the total number of transmission lines which are overloaded l

Check whether all the overloaded transmission lines are
undergone 1P1Q method

l Arrange all the outages in descending order l

Fig. 1. Flowchart for outages according to their priority

3. Load modelling. Contingency occur mainly due
sudden increase or decrease of loads. Load modelling
plays a major role in analyzing various types of loads.
Load modelling refers to the mathematical illustration of
the connection between the power and the voltage in a
load bus. It has a significant impact on power system
studies [12-14]. Two types of load models are considered
in this project for analyzing the contingency — steady state
load model and polynomial load model.

3.1 Steady state load model. Steady state load model
is also known as constant load model [15]. The active and
reactive power equations in this model are represented as

n

B =YY el +o,-):
=

0, == VitV sinl6; +5;-5,), @
j=1

where P; and O, be the active and reactive power diagonal
and off-diagonal elements of active power and reactive
power are developed.

3.2 Polynomial load model. Polynomial load model
is also known as ZIP load model. Z represents constant
impedance, / represent constant current and P represents
constant power. The active and reactive power equations
in this model are represented in (3), (4). At bus-i:

n [
B=| Y cosls; +0,-0,) |RVE + Y + B4 . 3)
=1

] _ :
0 =| - v¥v;sinls; +0,-0,) |RV + Py + B (4)
=1

At bus+:

} _ .
2 .
Pr=| S v¥bcos(5;:+ 6,6, ||RVE + BV, + B (5)
i=1
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where P;, P; and Q,, O; are the active and reactive power
values at buses 7 and j; V;, V; are the nodal voltage values
at buses 7 and j respectively; o is the angle voltage of unit
i and j; Y; is the admittances of the line; P, P, and P;
represents the ZIP load parameters.

The diagonal and off-diagonal elements of active
power and reactive power at bus-i and bus-j are developed.
These load models are incorporated with Newton-Raphson
power flow solution method. Newton-Raphson method is
used as it is faster, more reliable; results are accurate and
quadratic type convergence. Jacobian matrix is formed using
the developed diagonal and off-diagonal elements. The
Jacobian matrix springs the linear connection between the
small vagaries in voltage magnitude and phase angle with the
small vagaries in real and reactive power as:

AP [, S, AS
o ] | S
0] [J5 J4 AV

where Ji, J,, J; and J; are the Jacobean matrix of Newton-
Rapson method. The variance between the programmed
and the designed values known as power residual is given
in (8), (9)

AR =B - B, ®)

AQf =07 - of . ©)
The new estimates for voltage angle and voltage
magnitude are shown in (10), (11):

o =st - ast (10)

These two load models are applied to IEEE 118 bus
system for analyzing the behavior of the loads. Line
stability index gives support to find most severe lines.

4. Hybrid line stability ranking index (HLSRI)
for contingency ranking. To derive the HLSRI we first
consider the line stability index (LSI or Z,,) and the fast
voltage stability index (FVSI). We then showed that the
FVSl is a calculation of the L, and proceed to derive the
HLSRI for better precision and speed. L,,, index is given
in (12) [16]:

X0, (12)

[v,,sin(6 - 5)F
where 0= 9, — J,; V,, is the voltage magnitude; X is the
reactance of the transmission line.

The FVSI is derived from L,,, when the voltage angle
difference between sending and receiving end is assumed to
be very small (i.e., d = 0). Then FVSI is show in (13):

s, _
W x]

where 0, is the reactive power at receiving end; Z is the
impedance of the line; X is the reactance of the line.

We therefore propose to combine (13) and (14) into
a single equation to compute a HLSRI rendering to a
switching function f, as shown in (14). Each value of
computed from the load-flow program is tested against a
threshold value d¢ to determine whether § is 1 or 0. The
proposed index is formed by combining (12) and (13) into
one to produce a HLSRI show in (14) that gain more

mn

FVSI = (13)

accuracy and fastness with improved line stability. The
HLSRI is given as formulation of FVSI:

axo, | |7 X0,
HLSRI = - (B-1|<1,
[Vm ]2 X Line [sin(H - 5)]2 (14)
{1 o< 5(:}
where [ = ,
0 026¢

where Jis used as modifier; Ais used as switching function.
When HLSRI is less than 1, the system is stable or
HLSRI is approached to one, then the system is unstable.
Table 1 shows the proposed index value in ZIP load
model without contingency of IEEE 14 test system. It has
5 generator buses (PV), 9 load buses (PQ) and 20
interconnected lines or branches. Various indices value with
proposed index as shown in the Table 1.
Table 1
Comparison between indices values
of proposed index with LSI and FVSI

Index
S-no | From | To = e g THISRT
1 1|2 0.0286 | 0.0287 | 0.0287
2 | 2 [3]0.0259]0.0259 | 0.0259
3 2| 410.0004 | 0.0004 | 0.0004
4 1151 0.008 | 0.008 | 0.008
5 2 |5 10.0026 | 0.0026 | 0.0026
6 3 | 40011 0011 | 0011
7 | 4 [5]0.0067]0.0067 | 0.0067
8 5 16100159 ]0.0159 | 0.0159
9 | 4 [710.0618]0.0616] 0.0618
10 | 7 | 8]0.0425 ] 0.0425 | 0.0425
11 | 4 |9 ]0.0406]0.0406 | 0.0406
12 | 7 [910.0022]0.0022 ] 0.0022
13 | 9 [10]0.0083 [ 0.0083 | 0.0083
14 | 6 [11] 0.037 | 0.037 | 0.037
15 | 6 [12]0.0662]0.0663 | 0.0663
16 | 6 [13]0.0114]0.0114]0.0114
17 | 9 [14]0.0456 | 0.0455 | 0.0455
18 | 10 |11]0.2916] 0.264 | 0.264
19 | 12 [13]0.0097 [ 0.0098 | 0.0098
20 | 13 |14]0.0507 [ 0.0509 | 0.0509

From the Table 1 it is evidence that, instead of using
two individual line indexes, the proposed HLSRI values
are very close to the other indices and more accuracy.

5. Power system contingency ranking algorithm is
shown below.

Stage 1. Recite the given system line data and the
bus data.

Stage 2. Without seeing the line contingency
perform the load flow analysis for the base case.

Stage 3. Simulate a line outage or line contingency
i.e. removing a line proceeding to the next step.

Stage 4. Load flow analysis is done for this specific
outage then calculation of the active power flow is done
in the lasting lines and value of Py, is also calculated.

Stage 5. Subsequently for the exact line contingency,
voltages of all the load buses are designed.

Stage 6. Then HLSRI is being calculated which
indicates the voltage collapse.

Stage 7. Stages 3 to 6 for all the line voltages is
repeated to obtain HLSRI.

Stage 8. Contingencies are ranked based on the
sternness of the contingency.

The proposed HLSRI is investigated with IEEE 14
bus system with contingency (single line outage) as
shown in Fig. 2.
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Fig. 2. Proposed index value with LSI and FVSI using contingency
From Fig. 2 the proposed index gives more accuracy and
fastness in the stability value in the contingency when
compared to others. First five ranks considered as most critical
lines, and rank 6 to 16 considered as semi critical and ranks 17
to 20 considered as non-critical line, so in this paper most
critical lines are analyzed with compensation to maintain the
system stable and secure. Table 2 illustrates the data of tuned
UPFC devices placed at critical location for compensation in
contingency. Figure 2 shows the comparison between
proposed index with others when line no. 4-7 gets outage then

severity of the lines along with ranking shown in Table 2.
Table 2

Tuned UPFC devices placed at critical location for

compensation in contingency
Rank|From|To|V,,, p.u|P, MW |QO, MVAT|Pjysses, MW | Qiosses, MV AT
1 10 [11]1.026 | 14.62 | 11.14 2.37 —27.22
2 6 12| 1.12 | 26.16 | 24.57 5.53 —19.47
3 13 [14] 1.083 | 16.43 19.4 2.14 —24.12
4 9 [14]1.034| 1422 | 12.52 2.00 —24.12
5 6 [11] 1.12 | 2329 | —6.67 6.59 —20.86

The above analysis is also carried out for IEEE 118 test
system with different percentage of loadings in contingency
analysis.

6. Unified power flow controller. A FACTS device
plays a vital role in controlling power and enhancing the
working volume of existing lines. Basic purpose of the
parallel inverter is to supply real power required by the
series inverter through the common DC link. The parallel
inverter can also grip or produce controllable reactive
power as shown in Fig. 3 [17, 18].

| Transmission Line

g

f ]

QI Converter 1

AC

STATCOM

IS

Fig. 3. Block

diagram of UPFC
The active and reactive power equation of the UPFC
[19] is developed with ZIP load model as shown in:

{ 2RSL)er-2 cosy:| _{rVisze sin ;/} _|: Rseerl-2 :| N
Re + Xie RS, + X3, RS, + X5, «(15)
{rV,—V/-Xse sin(&,- +y-0; )} J{rVI-VJ-Rse cos(@,— +y-0; )}
RS+ X RS+ X

Measured Vanables
Paramater setting

P=

x%#+&m+&h

ViV,

0= 27112 ~{Xsecos;/—Rsesiny}-{PlVl-2+P2Vl- +P3};(16)
RS€+XS€

2

p.=|—7

DRG]

«{Rv2 + Py By
[ vy, ]

_ﬁ_ oo coslty +7-0;)- Resinle + 7 -0, 15

~{RS€ cos(@,- +y—9j)+XS€ sin(&i +;/—0j)}x (17

0, =

x{ﬁVithV,- +P3},

where P, P;, O, O; are the active and reactive power at
i"™ and jth bus; R, and X, are the resistance and reactance
of the line.

The crosswise and off-diagonal elements are
developed. By using this developed mathematical model,
MATLAB program is developed and used for compensating
the most severe lines.

7. Results and discussion. In this paper, the IEEE
14 test bus system shown for 100 % loading along with
compensation as shown in Table 2.

From the below Table 3, it shows the power flows
without UPFC compensation for 100 % loading (which find
with the help of proposed index).

Table 3
Results of ZIP load modeling for 100 % loading
P 5 > me P lossess lossess
Rank|From|To |\ Mg/Ar pu | MW I\g/zIVAr
ZIP load modeling
1 |70 |74 17.1 14.03 | 0.99 107.8 1758
2 | 71 |72 15.1 | -10.14 [ 0.996 | 137.8 1758
3 [ 24 |72]1-3.02] 4.11 1 137.8 1758
4 124 |70 -11.0| -7.45 1 137.8 1758
5 |92 100 32.0 | —13.30 | 0.99 137.8 1758
Z load modeling alone
1 | 70 |74 18.6 | 21.06 | 0.99 144.9 -1729
2 | 71 |72] 20.0 | —11.19 | 1.001 | 144.9 -1729
3 124 |72 77| 287 1 144.9 -1729
4 124 |70]|-16.0| -7.14 1 144.9 -1729
5 |92 100 32.0 | -13.3 | 0.99 144.9 -1729
I load modeling alone
1 | 70 |74]17.21 | 14.03 | 0.99 137.6 1760
2 | 71 |72]15.06| —10.1 [0.996| 137.6 1760
3 [ 24 |72]-294| 4.13 1 137.6 1760
4 | 24 |70]-10.92| -7.46 1 137.6 1760
5 |92 |100{31.30| -13.2 | 0.99 137.6 1760
P load modeling
1 | 70 |74|16.77 | 14.15 | 0.99 133.0 -1775
2 | 71 |72]1992 | 896 [0.996| 133.0 -1775
3 [ 24 ]72] 213 | 540 1 133.0 -1775
4 |24 |70|-555| -7.67 1 133.0 -1775
5 | 92 |100{ 30.86 | —13.1 | 0.99 133.0 -1775

IEEE 118 bus test system which consists of 1 slack
bus, 69 load buses, 48 generator buses and 179 transmission
lines is simulated using MATLAB for ZIP load modeling
and individual Z, I, P load modeling and following results
are obtained for different loading conditions without
contingency. Tables 4 and 5 shows the ZIP and individual Z,
I, P load model with 100 % and 150 % of loading for the
critical lines without contingency.

At a time, single line outage is performed, and the
stability is analysed on IEEE 118 bus system by
observing the standards of voltage profile, active and
reactive power flows and total power loss. All the lines
are graded affording to the values of a HLSRI. Among
179 ranks, 1 to 8 ranks are identified as most critical lines
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and the below tables shows the results for these 8 most
critical lines obtained while performing contingency and
shows the results obtained after compensating the most

Table 6
Results of ZIP, Z, I, P load modeling for 100 % loading
with UPFC compensation

critical lines. Vi | P. ) Prosees. ssees
Table4  |Rank|From| To | 7|yt |\ Mg/Ar MW I\%VAr
Results of ZIP, Z, I, P load modellng for 100 % loading Z1P load modelling
with contingency 1 [ 70 [74]0.1[10]0.96 [41.8 | 883 | 130 | -1777
Vs P, 0, Posses, Olosses» 2 71 17210.1] 151096 | 21.5 | 36.2 132 —1778
Rank|From| To \HLSRI| "1 vy | MVAr | MW | MVAr 3 | 24 [72]0.1[10] 096 | 142 | 458 | 132 | -1777
ZIP Toad modelling 4 [ 24 [70]0.3[20[0.96 | 16.6 | 759 | 131 | —1767
1 70 [7411.086 1099 25 ] 139.60 | —1732 5 92 [100]0.1] 1 | 0.96]40.5] 199 133 —1774
2 | 71 [72]0965]099] 15 20 [ 140.54 [ 1734 Z load modelling
3 24 7210847 | 1.01 7 3 140.08 | —1737 1 70 [7410.1] 5 | 0.96 | 40.5 | 81.49 132 —1778
4 |24 17010759 | 1.01 7 3 151.89 | —1675 2 | 71 |[72]0.1/10]0.96 | 21.0 | 37.47 132 —1779
5 92 [100[ 05421 1 10 ] 14034 | —1732 3 24 [7210.1] 6 | 0.96 | 144 | 46.31 132 -1779
1 [ 70 [74]1.065] 1 [138.09] 17 [ 145.14 [ -1723 5 |92 1100]0.7] 5 ]0.96]33.8 | =5.57 | 133 | -1775
2 | 71 [7210.999[0.99 ] 66 20 | 14453 | -1719 I 1oad modelling
3 [ 24 7210843 ]1.01 7 3 14421 | 1723 1 70 [7410.1] 5 | 0.96 | 404 | 81.51 132 —1778
4 | 24 170]0.758 | 1.01 7 3 158.43 | —1652 2 | 71 [72]0.1] 5 10.96 | 19.0 | 38.27 132 —1778
5 92 [100] 0.537 | 1 10 ] 145.05 | —1718 3 24 17210.1] 2 [ 0.96 | 12.6 | 47.03 132 -1778
7 load modelline alone 4 [ 24 [70]0.8[120] 0.96 | 15.6 | 36.28 | 125 | —1677
1 70 1741 1.086] 1 25 ] 138.09 | —1752 5 92 [100]0.5] 5 1 0.96 | 32.0 | —10.1 133 -1775
2 [ 71 [72] 096 [0.99] 66 20 | 137.47 | —1750 P load modelling
3 24 [7210.848 | 1.01 7 3 13734 | —1754 1 70 [7410.1] 5 | 096|324 | 82.12 135 —1766
4 |24 1701 0.76 | 1.01 7 3 148.85 | —1692 2 | 71 [72]0.1]10]0.96 | 17.3 | 37.34 133 —1772
5 92 [100[ 05321 1 10 6 137.84 | —1747 3 24 [7210.11 5 | 0.96 | 8.11 | 48.01 134 -1771
1 70 (7411102 1 25 8 138.09 | —1752 5 92 1100]0.5] 5 [ 0.96 | 359 | 2.52 132 -1776
2 | 711721093 1099] 66 20 13747 | ~1750 From the results it is clear that the values of the
3 | 24 172108811011 7 3 137.34 | 1754 transmission line parameters are improved after
4 24 1701 0.766 | 1.01 7 3 148.85 | —1692 . .
5 T o 100105221 1 10 0 13784 | —1747 compensation compared to before compensation. For
Table 5 example, between buses 70 and 74 when performing load
Results of ZIP, Z, I, P load modeling for 150 % loa dinag ¢ modelling, results are active power 17.184 MW, reactive
R 7 5 power 14.0386 MVAr, voltage profile 0.99, total system
Rank|From| To | P, MW M%Ar p";’ 1\’2‘\‘{; I\Q/K;Xr loss 107.815 MW and when contingency is created the
7P load modeling results are active power 25 MW, reactive power 8 MVAr,
T 170 17415179 | —458 | 095 | 8616 616.43 voltage profile 0.99, total system loss 139.60 MW and
2 | 71 1721163361 —33.4 |0.969| 861.6 616.43 finally after providing compensation results are active
3 | 24 [72]-123.6| 4432 1 861.6 616.43 power 41.878 MW, reactive power 88.37 MVAr, voltage
4 | 24 [70|-142.77| 52.42 1 861.6 616.43 profile 0.96, total system loss 130.43 MW. This shows
5 | 92 [100]-223.27] 433.0 | 0.98 | B861.6 616.43 that after providing compensation voltage profile is
Z load modeling alone maintained, active power flow is increased, reactive
; ;(1) ;‘2‘ ;Tg??; 2152;;3 232 giig gg;g} power flow is maintained, and the total system losses are
3 T24 175 130857 7240 : ~i13 30791 condensed and hence the system is maintained Stabl%ble :
§ g; 17(?0 322315 ‘2‘3230(7) 0.1)8 gijg gg;g} Results of ZIP, Z, I,Eload modeling for 150 % loading
1 load modeling alone ilth colritlngeany 7 o
1 70 [ 74| 5.246 | —4.606 | 0.95 862.8 2622.87 ms > > losses losses
2 | 71 [72] 1633 |-33.492[0.969 | 862.8 | 2622.87 Rank|From TOHLSRY) pu | mw MVAr | MW | MVAr
3 |24 [72]-1236] 4435 | 1 862.8 | 2622.87 ZIP load modelling
4 |24 [70] —142 | 5245 | 1 862.8 | 2622.87 1 | 69 |75] 7.78 1097 54 | 200 896 2833
5 | 92 [100] 22.46 [-11.906 | 0.98 | 862.8 | 2622.87 2 169 177) 3.95 1097 54 | 200 | 904 2846
P load modeling alone 3 70 [74] 2.00 1 66 120 1649 6692
1 [ 70 [74] 7.975 [-5.4015] 0.95 [ 6953 | 1615.45 4 124 170) 1.82 10991105 | 4.5 1550 6188
2 | 71 [72[138.394] -34.067 [ 0.971| 6953 | 1615.45 5 |76 177] 1.20 [091] 705 ] 16.5 | 915 2925
3 | 24 [72]-104.80] 34238 | 1 6953 | 161545 I load modelling alone
4 | 24 [70-123.65] 38.692 | 1 6953 | 161545 1 | 69 |75] 681 1097 | 54 | 200 | 864 2641
5 [ 92 ]100[22.305|-8.7145| 0.99 | 6953 | 1615.45 2 | 69 |77) 3.70 | 097 ] 54 | 200 872 2653
3 70 |74| 1.88 1 66 120 644 1654
Table 6 and 7 shows the values for HLSRI of ZIP ‘51 3‘51 ;(7) Hg 832 11%25 4%55 1965409 gg?g
load model with 100 % and 150 % loading with Pl - -
. . oad modelling alone
contmgency. Table 8 ghows.the ZIP lgad model with T 1769 1751 222 1097 54 500 695 1626
compensation for the critical lines whlch is ranked from 1 5 169 |77] 233 10971 54 | 200 702 1636
to 8 with different percentage of loading. 3 | 70 [74] 120 | 1 66 120 644 1654
In Table 6, I denotes ratio of sending end voltage 4 | 24 [70] 096 | 099 ] 10.5| 4.5 914 2729
and injected voltage; yis the angle between the voltages. 5 |75 177] 0.93 [ 0.95] 102 | 40.5 745 2358
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Table 8
Results of ZIP, Z, I, P load modeling for 150 % loading
with UPFC compensation

7. Asawa S., Al-Attiyah S. Impact of FACTS device in electrical
power system. 2016 International Conference on Electrical,
Electronics, and Optimization Techniques (ICEEOT), 2016, pp.
2488-2495. doi: https://doi.org/10.1109/ICEEOT.2016.7755141.

8. Chorghade A., Kulkarni Deodhar V.A. FACTS Devices for
Reactive Power Compensation and Power Flow Control —
Recent Trends. 2020 International Conference on Industry 4.0
Technology — (I4Tech), 2020,  pp. 217-221. doi:
https://doi.org/10.1109/14Tech48345.2020.9102640.

Rank|From|To| » |Gamma g”l’; I\/f\;\/ M%Ar };\IZA{;;’ I\Q/I@AX;
ZIP load modelling
1 69 [75]0.1] 10 ]0.95] 437 | 83.6 689 1565
2 | 69 |77]0.1] 10 |0.95]| 587 | 125 692 1562
3 | 70 |74]02] 5 0.95[30.5| 59.6 692 1599
4 | 24 [70]0.1] 15 [0.95]|-128] 63.2 692 1593
5 | 76 |77]0.5] 15 10.95]| 67 | 417 735 1726
1 load modelling
1 | 69 |75]0.1 1 0.95]430 | 84 688 1564
2 | 69 |77]0.1] 4 0.95] 581 | 124 690 1559
3 | 70 |74]0.6] 75 1095|322 | 194 651 1356
4 |24 [70]0.4] 68 ]0.95]|-63.5] 68 661 1385
5 | 75 177/0.5] 77 095|234 | 63 676 1453
P load modelling
1 69 [75]0.4] 20 [0.95] 620 | 303 700 1504
2 | 69 |77]0.3] 65 095|768 | 214 722 1558
3 | 70 |74]0.2] 20 ]0.95]| 59 132 689 1584
4 | 24 [70]0.1] 10 |0.95]|-128| 63 692 1592
5 | 75 177]0.5] 33 1095|158 | 171 708 1610

8. Conclusions. The proposed index is applied for
IEEE 14, 118 test system and mathematical model of steady
state and polynomial load models (ZIP) are developed and
analyzed with the IEEE test system by in view of the single
line outage at a time. IEEE 118 test system is analyzed for
various percentages of ZIP load model for contingency with
and without compensation. A hybrid line stability ranking
index shows the most critical lines in the system for which
compensation is provided by placing unified power flow
controller with proper tuned. Based on the outcomes it is
apparent that the stress level is reduced, and the system is
maintained stable and healthy by providing suitable
compensation at suitable location.
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