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The voltage profile of different buses and the rotor dynamics of generators are

adversely affected by a generator outage. Generator outages can be minimized

using a variety of strategies and algorithms. An AI-based knowledge discovery

approach has been reported in this article. This article proposes a technique for

identifying sensitive loads and the amount of active and reactive power

curtailment for rotor speed regulation and voltage management at the

terminals. The MATLAB
®
/Simulink environment verifies and tests the

method’s practicality on an IEEE-10-machine-39-bus system. Active power

shedding is considered for rotor angle stability, while reactive power is also

shedded formaintaining the terminal voltage at the loads. A sequential outage is

considered to simulate a scenario where the two generators with the highest

active and reactive power are taken out of service. The generator’s rotor speed,

terminal voltage, and load are measured with and without load restriction. In all

situations, the rotor and center of inertia speed are 1 p.u. The average steady-

state load terminal voltage is 0.967 V. The average terminal voltage of all load

buses improves from 0.933 to 0.972 and 0.936 to 0.971, case-wise. The

reported results confirm and validate the effectiveness and applicability of

the proposed technique.
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1 Introduction

Industry and academic researchers have focused for decades on post-disaster power

supply quality. A generator outage is an extreme contingency that might cause network

instability. In a centralized context, the load is distributed when a generator leaves the

network. The under-frequency condition arises when the active load on the power

network hits its limit. Therefore, thermal and capacity ratings are violated in the reactive
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load escalation scenario. Active and passive shunt devices

exchange active and reactive power to manage active and

reactive imbalance through interaction with the existing power

network. A power shortfall requires load shedding or curtailing

to regulate the system’s voltage and frequency. Therefore, load

shedding occurs during corrective and emergent power system

control. It is recognized that load shedding is a challenging task to

ensure power system security. In contrast, in the case of a

decentralized environment, there is a tie-line power flow

among different control areas.

Recently, researchers are working on load shedding and

also on the priority of renewable energy integration in the

smart grid. Domestic load shedding is performed in the

literature to maintain the supply quality (Azasoo et al.,

2020; Alrajhi, 2022), while various sensitivity parameters

that combine the negative effects of frequency, voltage, and

load shedding are studied through max–min optimization

(Alshammari et al., 2018; Alsiraji and El-Shatshat, 2018;

Cruz et al., 2020; Talaat et al., 2020; Gharebaghi et al.,

2021; Hong and Hsiao, 2022). The authors (Alrajhi, 2018;

Jiang et al., 2020) have linearized various components and the

system dynamics for load shedding due to the nonlinearity of

system voltage dynamics and frequency. An adaptive

frequency control-based load frequency control has been

FIGURE 1
(A) Schematic diagram of mapping for knowledge discovery. (B) Flow chart of the complete proposed methodology. (C) IEEE 39-bus-10-
machine system.

Frontiers in Energy Research frontiersin.org02

Karn et al. 10.3389/fenrg.2022.1002064

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1002064


described (Li et al., 2020). The authors (Lin, 2019) use an

iterative technique to discover the load shedding. The authors

(Alrajhi et al., 2018; Małkowski, 2020; Alrajhi Alsiraji and El-

Shatshat, 2021) exhibit adaptive fuzzy load shedding for small

power systems. The authors implemented (Nourollah et al.,

2019; Nourollah and Gharehpetian, 2019; Potel et al., 2019;

Masood et al., 2021) frequency-based multi-topological

algorithms. Another study recommended hardening of the

electrical system before a cyclone and softening it thereafter to

prevent hurricane damage (Sang et al., 2020). Load shedding is

implemented by monitoring the active and reactive power

delivery and absorption of the synchronous condenser

(Sauhats et al., 2021). The author deploys a principle

component analysis based on online frequency-measured

load shedding (Shi et al., 2019; Skrjanc et al., 2020). A

universal load flow-based sensitivity analysis is performed

for load shedding to prevent voltage collapse (Tian and

Mou, 2019). A secure PV-region mathematical model is

developed, and load shedding is conducted (Wang et al.,

2020). The authors (Wang et al., 2021) show a dueling

deep two-stage Q-learning-based load shedding. The

authors (Zhou et al., 2019) provide two-stage load shedding

to improve frequency management. LSTM neural network

learning-based frequency prediction and load shedding are

performed (Zhu and Luo, 2021). Authors (Santos et al., 2019;

Deb et al., 2022) use the multi-agent intelligent load shedding

method. Authors (Banijamali and Amraee, 2018; Alshammari

et al., 2022) describe a method for tripping loads in the case of

generator failure.

The state-of-the-art techniques reported in the literature are

based on repeating algorithms that account mainly for the

generation shortage (Lin, 2019; Jiang et al., 2020; Li et al., 2020;

Małkowski, 2020; Masood et al., 2021). During a generation

shortage, a load may need to be shedded, but owing to an

emergent need, it cannot be scheduled to be disconnected. As a

result, to the author’s best knowledge, no method or approach in

state-of-the-art literature can satisfy this circumstance.

The main contribution of this work is that it describes and

implements the heuristic knowledge-based method for load

shedding. This study uses active and reactive load deduction in

case of generator failure to maintain rotor speed and terminal

voltage. The proposed method offers several load-shedding

options with precise numerical proportionate rations. The

proposed approach has been tested on the IEEE-10-machine-39-

bus system.

2 Mathematical background and
methodology development

The rotor speed dynamics of the generator in the multi-

machine system follow the equation described as follows.

M
dω
dt

� pmi − pei (1)

pei � E,
qi
⎡⎢⎢⎣∑j�n

j�1
E,
qj(Bij sin δij + Gij cos δij)⎤⎥⎥⎦ (2)

Substituting Eq. 2 into Eq. 1 and dividing by M lead to

obtaining Eq. 3 as follows, where (Hi
πf ) is used in place of M.

dω

dt
�
( − E,

qi[∑j�n
j�1 E

,
qj(Bij sin δij + Gij cos δij)] + pme)

Hi
πf

(3)

In this instance, Bij and Gij are the reduced Y bus matrix, and

they can be calculated from the full order matrix of the Y as given

in Eq. 4

YBUS � G

R
[A B

C D

︷��︸︸��︷GR

]
YRED � A − B−1DC

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
(4)

Where RED stands for the reduced order bus admittance

matrix and the superscript BUS stands for the full order

bus admittance matrix. From the Kron reduction formula,

this relationship is straightforward to deduce. The admittance

matrix elements relating to the generator bus and the

remaining other buses, including the load bus, are denoted

by the letters G and R, respectively. The sin (ij) and cos (ij)

terms in Eq. 3 can be substituted by 0 and 1, respectively, since

the impedance angle’s change window is very small.

Therefore, Eq. 3 can be simplified and written as Eq. 5.

dω

dt
�
( − E,

qi[∑j�n
j�1 E

,
qjGij cos δij] + pme)

Hi
πf

(5)

The entire system described by Eqs 6–8 is obtained by

expanding Eq. 5 for an n-machine system shown as follows.

dω1

dt
� ([ − (E,

q12)G11 − E,
q1E

,
q2G12/ − E,

q1E
,
qn−1G1n−1 − E,

q1E
,
qnGin] + pme)

H1
πf

(6)
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

Δα1 ∝ΔG11 + ΔG12 + ΔG13 . . . . . . . + ΔG1n

Δα2 ∝ΔG21 + ΔG22 + ΔG23 . . . . . . . + ΔG2n

..

.

Δαn ∝ΔGn1 + ΔGn2 + ΔGn3 . . . . . . . + ΔGnn

(7)

{Gii � {Yi1 + Yi2 + Yi3 + Yi4 + . . .Yin}
Gij � {−Yij} (8)

The value of E,
q1. . . . . .E

,
qn varies near about 1p.u. and let

dω1
dt � α where α is the angular acceleration

After removal of any load, Gin becomes Gin + ΔGin. Under

balanced condition dω1
dt � α = 0. So considering these factors from

Eq. 5, a new non-zero Δ α can be approximated as follows
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Δα1
∝
~

ΔG11 + ΔG12 + ΔG13 . . . . . . . + ΔG1n

Δα2
∝
~

G21 + ΔG22 + ΔG23 . . . . . . . + ΔG2n

Δα3
∝
~

ΔG31 + ΔG32 + ΔG33 . . . . . . . + ΔG3n

..

.

Δαn
∝
~

ΔGn1 + ΔGn2 + ΔGn3 . . . . . . . + ΔGnn (9)

Here,
∝
~

is the symbol of proportionality. Since

TABLE 1 (A) Load generator sensitivity indexes for rotor speed regulation. (B) Load generator sensitivity indexes for generator voltage regulation.

G1 Sensitivity
index
(S.I.)

G2 Sensitivity
index
(S.I.)

G3 Sensitivity
index
(S.I.)

G4 Sensitivity
index
(S.I.)

G9 Sensitivity
index
(S.I.)

L31 92 L6 40 L6 43 L24 271 L39 11,040

L3 91 L24 20 L24 34 L23 240 L29 461

L25 80 L3 18 L15 26 L21 202 L28 259

L24 76 L23 15 L4 26 L12 153 L26 58

G2 Sensitivity
index (S.I.)

G3 (Sensitivity
index (S.I.)

G4 (Sensitivity
index (S.I.)

G5 (Sensitivity
index (S.I.)

G6 (Sensitivity
index (S.I.)

G10 (Sensitivity
index (S.I.)

L8 78 L8 78 L15 72 L20 1860 L4 49 L4 41

L15 24 L4 76 L20 72 L21 32 L8 36 L8 39

No significant data
found

L15 37 L21 56 L4 24 No significant data found No significant data
found

TABLE 2 (A) Active power deduction in case of G3 outage. (B) Active power deduction in G9 outage condition. (C) C.O.I steady-state value in different
cases.

With proposed methodology Abrubt way. 1 Abrubt way. 2

Bus No. S.I. MW Bus No. MW Bus No. MW

L6 43 233 L16 200 L39 650

L24 34 253 L39 300

L15 26 164 L21 150

With proposed methodology With abrupt way. 1 With abrupt way. 2

Bus No. S.I. MW Bus No. MW Bus No. MW

L39 11,040 775.35 L26 130 L39 830

L29 461 32.37 L27 250

L28 259 18.19 L28 200

L26 58 4 L29 250

Case C.O.I. speed after
30 s without any
outage

C.O.I. speed after
30 s another abrupt
load deduction

C.O.I. speed after
30 s with the
proposed scheme of
load curtailment

G3 outage 0.9965 0.999 1.0

G9 outage 0.9955 1.004, 9954 1.0

G2 and G3 outage 0.9960 0.9942 1.0
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TABLE 3 (A) Reactive power delivery by generators in case of generator outage and with active power deduction. (B) Active and reactive power
deduction in case of G3 Outage. (C) Active and reactive power deduction in a different way in G6 outage. (D) Load voltage in G3 outage condition
with different load sheddings. (E) Load voltage in G6 outage condition with different load sheddings.

Generator Normal reactive power
dispatch

Reactive power case,
G3 outage with
proposed
active power deduction

Reactive power case,
G6 outage with
proposed active power
deduction

G1 275.5 309.1 304.5

G2 197.7 243.9 208.7

G3 195.6 xxxx 207.9

G4 150.6 162.8 158.1

G5 136.4 141.6 141.2

G6 146.4 159.7 157.4

G7 150.8 156.1 156.6

G8 34.19 41.26 128.2

G9 66.21 71.35 Xxxxx

G10 96.58 118.4 84.02

With proposed method With abrubt METHOD.1 With abrubt METHOD.2

BUS S.I. MW BUS MVR BUS MW MVR BUS MW MVR

L6 43 233 L8 78 80 L4 200 100 L39 650 196.4

L24 34 253 L4 76 78 L3 200 Not applicable

With proposed method With abrupt METHOD.1 With abrubt METHOD.2

BUS MW MVR BUS MW MVR BUS MW MVR

L 4 350 110 L4 400 150 L39 650 190

L8 300 80 L27 250 40.6

Load end Normal voltage G3 outage
condition

Load shedding with
proposed method

Load shedding from
L4, L8, and L3

Load shedding
from L39

L3 0.9626 0.9241 0.9636 0.9738 0.984

L4 0.94 0.8975 0.9461 0.9567 0.9673

L6 0.9483 0.9076 0.9514 0.9602 0.969

L8 0.9427 0.9046 0.9503 0.9593 0.9683

L15 0.9447 0.9031 0.9621 0.9508 0.9395

L16 0.9598 0.922 0.9581 0.9655 0.9729

L18 0.9615 0.9237 0.9717 0.9705 0.9693

L21 0.9582 0.9236 0.9661 0.9627 0.9593

L23 0.9732 0.9412 0.9953 0.9762 0.9571

L24 0.9649 0.9277 0.9861 0.9703 0.9545

L25 0.995 0.9679 0.9698 1.003 1.0362

L26 0.9863 0.9538 0.9875 0.9937 0.9999

L27 0.9695 0.9348 0.971 0.9769 0.9828

L28 0.9884 0.9586 0.9894 0.9955 1.0016

L29 0.9905 0.9623 0.9914 0.9975 1.0036

(Continued on following page)
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Gii � {Yi1 + Yi2 + Yi3 + Yi4 + . . .Yin} andGij � {−Yij} (10)

So |ΔGii|”≫ |ΔGij| So again

Δαi
∝
~

ΔGii (11)

So the Δαi reflection can be easily seen in Gii

Now quadrature axis terminal voltage follows the dynamics

of the equation as follows

_E,
qi � [ − (E,

qi + (xdi − x,di)Idi) + Ef i]/Tdoi
(12)

_E,
qi � ⎡⎢⎢⎣ −⎛⎝E,

qi + (xdi − x,
di)∑j�n

j�1
E,
qj(Gij sin δij − Bij cos δij)⎞⎠ + Efi

⎤⎥⎥⎦/Tdoi

(13)

Again angle δij � [0 5] so sin δij can be substituted by 0 and cos δij
can be substituted by 1. After remodifying Eq. 13, we get Eq. 14

_E,
qi � ⎡⎢⎢⎣ −⎛⎝E,

qi + (xdi − x,
di)∑j�n

j�1 E
,
qjBij

⎞⎠ + Efi
⎤⎥⎥⎦/Tdoi

(14)

Again taking perturbation terms

_E,
qi + Δ _E,

qi

� ⎡⎢⎢⎣ −⎛⎝E,
qi + ΔE,

qi + (xdi − x,
di)∑j�n

j�1 ΔE
,
qjBij + (xdi − x,

di)∑j�n
j�1 E

,
qjΔBij

⎞⎠ + Efi
⎤⎥⎥⎦/Tdoi

(15)

By substituting Eq. 12 from Eq. 13

_E,
qi + Δ _E,

qi

� ⎡⎢⎢⎣ −⎛⎝E,
qi + ΔE,

qi + (xdi − x,
di)∑j�n

j�1 ΔE
,
qjBij + (xdi − x,

di)∑j�n
j�1 E

,
qjΔBij

⎞⎠ + Efi
⎤⎥⎥⎦/Tdoi

(16)

Δ _E,
qi

∝
~
(xdi − x,di)∑j�n

j�1 E
,
qjΔBij (17)

Δ
_

E,
q1

∝
~
(xdi − x,di)[ΔB11 + ΔB12 + ΔB13 . . . . . . . + ΔB1n] (18)

Again ΔE,
qi � 0 because ΔE,

qi is instantaneous change, and

instantaneous change in voltage is always zero due to

inductance of the circuit, and there is no control performance

so Δ Efi term does not appear. So putting ΔE,
qi term = 0. The final

equation with proportional approximation can be obtained as

follows and assuming that E,
qj � 1,⋁−j ∈ N[1. . .n]

TABLE 3 (Continued) (A) Reactive power delivery by generators in case of generator outage and with active power deduction. (B) Active and reactive
power deduction in case of G3Outage. (C) Active and reactive power deduction in a different way in G6 outage. (D) Load voltage in G3 outage condition
with different load sheddings. (E) Load voltage in G6 outage condition with different load sheddings.

With proposed method With abrupt METHOD.1 With abrubt METHOD.2

BUS MW MVR BUS MW MVR BUS MW MVR

L39 0.9982 0.9756 0.9967 1.005 1.0133

Average terminal
voltage

0.9677375 0.93300625 0.9722875 0.9761 0.9799125

Load end Normal
voltage

G6 outage
condition

Load shedding with the proposed
method from L4 and L8

Load shedding
from L39

Load shedding from
L4 and L27

L3 0.9626 0.9334 0.971 0.9456 0.9752

L4 0.94 0.9126 0.9546 0.9233 0.9635

L6 0.9483 0.9218 0.9589 0.9346 0.9605

L8 0.9427 0.9155 0.954 0.931 0.9542

L15 0.9447 0.9137 0.949 0.9163 0.9539

L16 0.9598 0.9263 0.959 0.9261 0.9656

L18 0.9615 0.9307 0.9702 0.9366 0.9722

L21 0.9582 0.9188 0.957 0.9165 0.9576

L23 0.9732 0.9288 0.967 0.922 0.9671

L24 0.9649 0.9308 0.97 0.9299 0.9703

L25 0.995 0.9663 0.998 0.978 1.001

L26 0.9863 0.9539 0.989 0.96 0.9955

L27 0.9695 0.9367 0.973 0.9414 0.983

L28 0.9884 0.9575 0.989 0.9624 0.9933

L29 0.9905 0.9604 0.991 0.9652 0.9941

L39 0.9982 0.9707 0.994 0.975 0.999

Average termnal
voltage

0.9677375 0.93611875 0.97154375 0.94149375 0.975375
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ΔE;α
ql ~(xdi − xdi)∑j�n

j�1Eqj
′ ΔBij

E,α
ql ~(xdi − xdi

′ )[ΔB11 + ΔB12 + ΔB13 . . . . . . + ΔB1n] (19)

Since again ΔBii � −[ΔBi1 + ΔBi2 + ΔBi3 + . . . . . . . . . . . .ΔBin]
So |ΔBii|≫ ”|ΔBij|″
Neglecting the ΔBij due to very smaller in magnitude than

ΔBii.So according to the aforesaid explanations and assumption

Δ _E,
q1 � (xdi − x,di)ΔB11

Δ _E,
q2 � (xdi − x,di)ΔB22

..

.

Δ _E,
qn � (xdi − x,di)ΔBnn

(20)

3 Methodology

This article uses a rotor and voltage terminal paradigm to collect

the information. The data are collected by rejecting the loads in a

one-by-one fashion. The changes in load-rejection admittance

matrices can be sampled. Later, loads for a particular generator

are picked using inductive logic from rotor dynamics and machine

voltage. The heuristic knowledge base has three levels, namely, 1)

database creation/variable declaration, 2) finding the variable

relationships by performing a preset database operation, and 3)

systematically using the proposed knowledge-based technique.

3.1 Database creation using variables

Changes in conductance and susceptance cause variations in the

rotor speed and the generator terminal voltage, as given in Eqs 6, 16.

The load is eliminated in the simulation background, and the changes

in conductance and susceptance are retained in a folder with the load

as a heading. Repeat until all loads are coated. The subject variables

considered are loads, and the object variables are generators.

3.1.1 Knowledge retrieval by identifying variable
relationships through database operations

Load La is removed, and the diagonal elements Gii and Bii from

Eqs 6, 16 are maintained in a separate block (2), as shown in

Figure 1A. Higher values Gii and B ii are selected and maintained in

FIGURE 2
(A) Voltage profile of load terminal in case of generator G3 outage with different manners of load shedding. (B) Voltage profile of load terminal in
case of generator G6 outage with different manners of load shedding.
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the generator groupG (i) block. Repeat until all significant active and

reactive loads are removed. The mapping operation with the actual

data set is presented in Figure 1A. The final generator load sensitivity

(S1) is represented in Table 1A. Tables 1A, B summarize generator

load sensitivity for speed regulation and voltage regulation,

respectively. The complete algorithm is shown in Figure 1B.

3.1.2 Deployment of proposed technique in load
shedding

In the case of any particular generator outage of capacity

PGEN, it is found that three loads, La, Lb, and Lc have the highest

sensitivity index with values wLa, wLb, and wLc. Then curtailment

of power CLa, CLb, and CLc is defined as:

CLa = (PGEN*wLa)/((wLa + wLb + wLc))

CLb = (PGEN*wLb)/((wLa + wLb + wLc))

CLc = (PGEN*wLc)/((wLa + wLb + wLc)).

If any of CLa, CLb, or CLc is greater than the installed

capacity of a load La, Lb, and Lc, then that particular load is

separated, and the remaining power is curtailed from other

remaining loads.

FIGURE 3
(A) Rotor speed of generator in case of G3 outage. (B) Rotor speed of generator in case of G3 outage with proposed load shedding. (C)Center of
inertia speed of generator in case of G3 outage scenario in different combination load shedding. (D)Rotor speed of generator in case of G9 outage. (E)
Rotor speed of generator in case of G9 outagewith proposed load shedding. (F)Center of inertia speed of generator in G9 outage scenario in different
combinations of load shedding. (G) Rotor speed of generator in case of G2 and G3 outage. (H) Rotor speed of generator in case of G2 and G3

outage with proposed load shedding. (I) Generator set point variation of G1 in simulation environment.
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The load generator sensitivity indexes, shown in Tables

1A, B, are prepared with four loads assigned with their priority

in the target set for generators G1, G2, G3, G4, and G5 for the

concern of rotor stability. Table 1B is prepared for load

terminal voltage according to Eq. 16. Each generator

delivers active and reactive power to the network to meet

the load demand.

4 Results and discussion

The proposed method is applied to a 10-machine-IEEE-

39-bus system in the MATLAB®/Simulink environment. It

includes 10 different-sized generators G1 ... G10 and 19 loads

La, Lb, and Lc. Here, a, b, and c are the bus numbers where the

load is situated. The total capacity of the system is 61,408 MW,

and the total load is 60,936 MW. The individual generator

capacities of G1 to G10 are [1,000,520.81, 650,632, 508,650,

560,540, 830,250] MW. All generators have voltage regulators,

speed governors, and power system stabilizers. Any generator

outage changes the generator’s rotor speed and terminal

voltage.

4.1 Case of generator outage with only
active power curtailment

In this section, only active power is deducted from the

sensitive load to regulate the speed of the remaining

generators and reactive power dispatch. Initially, generator

G3 of capacity 650 MW and G9 of capacity 830 MW are taken

out one-by-one, further, generators G2 and G3 are taken out.

TABLE 4 Reactive power delivery and generator terminal voltage under all conditions of generator G3 outage.

GEN NO. MVR ** A MVR**B MVR **C MVR **D MVR**E VOL*A VOL*B VOL*C VOL*D VOL*E

G1 275.5 309.1 267.4 251.6 234.7 0.9988 1 0.9974 0.987 1.008

G2 197.7 243.9 183.1 169.9 260.6 0.9995 1 0.9965 0.987 1.01

G3 195.6 XXX XXX XXX XXX 0.9981 XXX XXX XXX XXX

G4 150.6 162.8 148.1 156.6 159.4 0.9989 0.999 0.9961 0.9868 1.01

G5 136.4 141.6 134.8 137 142 0.9989 0.999 0.996 0.9863 1.01

G6 146.4 159.7 143.5 152.8 156.9 0.9986 0.999 0.995 0.9864 1.01

G7 150.8 156.1 148.8 157.1 153.3 0.9991 0.999 0.9963 0.987 1.01

G8 34.19 41.26 29.49 31.62 57.93 0.9982 0.999 0.9953 0.9857 1.01

G9 66.21 71.35 66.48 74.72 68.96 0.9989 0.999 0.9966 0.987 1.009

G10 96.58 118.4 101.2 94.09 108.1 0.9987 0.999 0.9967 0.9865 1.009

Average 0.99877 0.999222 0.996211 0.986633 1.009556

*A normal condition without any generator outage. *B G3 outage with only active power deduction with proposed methodology. *C G3 outage with active and reactive both power

deduction with proposed methodology. *D G3 outage with active and reactive both power deduction in abrupt way. *E G3 outage with active and reactive both power deduction with

another abrupt way.

FIGURE 4
Average voltage of remaining generators in case of G3 outage in all Cases.
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The center of inertia is expressed as ωcoi � ∑i�n
i�1 ωiHi∑i�n
i�1 Hi

. The center

of interia speed reflects the total system speed. Tables 2A, B
show the different load curtailments performed under the G3

and G9 outages. In tables, the first column summarizes the
sensitivity index The different cases are shown in Figure 3.

4.2 Both active and reactive power
deduction

As discussed in sections #2 and #3 for the terminal voltage

regulation scenario, generator G3 in the first case and generator

G6 in the second case are subjected to the outage. As discussed in

Section 3, for voltage profile maintenance, the reactive power

should be shedded. In the generator G3 outage case, power is

deducted according to Table 3B, and in the case of G6 outage,

power deduction is carried out according to Table 3C. All the

load voltages after power deduction are mentioned in Tables 3D,

E and also bar charts in Figures 2A,B.

5 Conclusion

In this article, a heuristic knowledge-based load shedding

method is proposed. The load generator sensitivity matrices are

assembled as the final process of knowledge discovery to provide

the amount and location of power to be curtailed in case of a

generator outage. The proposed methodology described in this

article is applied to three generator outage cases, and the results

are shown as a deviation of the center of inertia speed, as in

Figure 3C. It is found that the proposed method of load shedding

gives a C.O.I speed of 1 p.u while deducting only the active

power, but the reactive power is more stressed on generators

according to Table 3A. In contrast, if both active and reactive

power is deducted using the proposed method, the load voltage is

closer to normal than the other abrupt methods. Finally, the

generator G3 outage condition is examined in detail, as

summarized in Table 4 and Figure 4. It is concluded that the

proposed method is more cost-effective in reactive power

management and voltage conditions.
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Nomenclature

E,
qi sub transient quadrature axis of the stator

Ef i rotor field voltage reference

Gij conductance of reduced bus matrices between bus

Bij susceptance of reduced bus matrices between bus

δij angle difference between buses

xdi direct axis reactance of the generator

x,di sub transient direct axis reactance of the generator

Tdoi the open axis time constant of the rotor field circuit

ΔE,
qi an instantaneous change in sub transient quadrature axis

voltage of the stator

ΔEf i an instantaneous change in the rotor field

ΔBij an instantaneous change in susceptance of reduced bus

matrices between buses

Δ Gij an instantaneous change in conductance of reduced bus

matrices between buses

G(i) generator number

L(i) load situated at bus i
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