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Abstract Under voltage load shedding is a proficient
counter-measure action against voltage instability/cERlpse.
UVLS procedure is an effective means to maintain voltage
stability of a power system when the system’s voltage is just
about to collapse foll]g some disturbances. This paper
proposes an advanced under voltage load shedding based on
trajectory  seffitivity analysis for voltage stability
enhancement. Trajectory sensitivity analysis is a technique
based on linearizing a system surrounding a certain
trajectory [{B3d employs time domain simulations. This
technique computes the sensitivity of the dynamics relating
to the constraints. Trajectory sensitivities between bus
voltages are calculated by using hybrid system’s trajectory
sensitivities to obtain sufficient amount for load shedding.
Furthermore, trajectory sensitivity index at all buses is
calculated to select the most appropriate location of load
shedding. Dynamic simulations are performed with the 14
bus RTS IEEE as case study.

Keywords Under Voltage Load Shedding, Dynamic
Load, Trajectory Sensitivity Analysis

1. Introduction

As the power system become more complex and heavily

stressed, voltage stability problems also become more severe.

During planning and operation of power system, voltage
problems now have become a great concern, because of
significant amount of failures which is believed that have
been caused by voltage instability. Since 1920s, power
system stability hfff§een identified as a crucial prerequisite
for a safe and reliable operation of electricity power
system[1]. The instability of the power system has instigated
disturbance expansion [2]. Specifically, transient voltage
instability, which in the recent years steadily ascends
following occurrence of line outage or short circuit.The
importance of maintaining electric power system stability
and reliability has motivated the developing of new methods
to mitigate the system instability. Voltage instability can
bring the whole network system to significant voltage drop

condition, therefore alleviation action is required. One of the
mitigation action for voltage instability as discussed in [3,
4]is under voltage load shedding (UVLS) which is an
economical way of alleviating system collapse where small
load cutback between 5% and 10% can maintain the stability
of the system. UVLS has been employed for a long time as
the last remedy to evade major power system breakdown
which is triggered by under voltage relays. UVLS is
occupied by instantaneously shedding a certain amount of
load to prevent voltage drop and to maintain the system
equilibrium. Research and experience have provided
evidence that UVLS is a powerful counter-measure action to
preclude voltage instability.

Two core issues of UVLS are determining proper amount
of load shedding and finding appropriate location for load
shedding. Nonetheless, these problems are intricate in
practical operation of UVLS. UVLS must shed adequate
amount of loads to recover to a stable condition, yet not
overly sensitive. Hence this paper aims to provide an
advanced design of under voltage load shedding employing
trajectory sensitivities methodology. Trajectory sensitivities
between bus voltages are calculated by using hybrid
system’s trajectory sensitivities to obtain sufficient amount
for load shedding. Then trajectory sensitivity index at all
mcs is calculated to select the most appropriate location of
Oad shedding. The proposed methodology is implemented
on the 14-bus IEEE R@EFability Test System. Dynamic
simulation is performed to validate the robustness of the
prFAdsed method.

This paper is organized as follow. Section 2 explains
power system under voltage load shedding. Section 3
describes about dynamic load modeling. The proposed
method: trajedf@ry sensitivity analysis based UVLS design is
presented in Section 4. Section 5 gives the results and
analysis and Section 6 concludes the main findings of the
research. Findings of this research are expected to provide a
better UVLS setting to confront the probability of voltage
collapse incident.

2. Power System under Voltage Load
Shedding
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UVLS is an economical option to maintain voltage
stability while waiting for completion of new generation or
transmission lines project [5]. Many utilities around the
world have applied UVLS schemes. Reference [6] provides
existing UVLS applications in some utilities with their
specific setting. The philosophy of UVLS is that whenever
the system is disrupted then lead tofEfJitage drop condition
below a certain pre-selected level for a certain
pre-determined time period, then selected loads should be
removed [7]. It is expected that the system voltage will
retrieve to its normal limit by cutting oft some loads. The
objective of a UVLS is to reinstate the balance power within
the system, to avert voltage collapse and to manage the
voltage problems reside within a local area rather than
permitting it to spread out to other areas [8]. The design of a
load shedding should be “robust™. UVLS must cover enough
loads as well as not overly sensitive. Therefore, there are
some considerations to ensyfEffticient load shedding [7, 9]:

®  Determination of amount of load to be shed:

Shedding adequate amount of load is imperative in
order to ensure UVLS can mitigate the menace of
voltage instability. Shedding insufficient amount of
the necessitated load will not be effective in arresting
voltage collapse, on the other hand, shedding more
load than required may lead to an over frequency
circumstances.

®  Selection of location of load to be shed: Study in[10]

shows that shedding load in the correct location can
arrest voltage instability. However, shedding the
same amount of load in different location gives
different result and may not be effective to improve
the system stability.

®  Determination of timing and time steps of load

shedding: Load shedding is executed in steps in
order to preclude over shedding condition. The
minimum time delay before a UVLS is triggered
should be sufficient in preventing voltage collapse as
well as avoiding unnecessary tripping during
transient time where load shedding is unnecessary.

3. Dynamic Load Modeling
35

Load modeling is one of the most significant components
in dynamic voltage sffility simulation including under
voltage load sh@Zfing. In this work, the load at each bus is
represented as composite load which is a comiffiition of
static load and dynamic load. Figure 1 shows the ecggfjalent
circuit of a composite load model, where Z, I, P are constant
impedance, constanfffJcurrent and  constant power,
respectively; X, Is magnetizing reactance; X, is stator
leakage reactance; X, rotor leakage resistance; R, is stator
resistance; R, is rotor resistance; and s is induction motor
slip.

Dynamic load model is important for UVLS design [11],
because induction motors will decelerate substantially if
their terminal voltage falls as a result of short circuits [12].

119
The generic load dynamic models are [13-16]
Static load Induction motor load
Figure b Schematic circuit of the composite load adel
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Where,

P(V)and Q.(V) steady state load for real and reactive
power, respectively, as function of voltag@Z)

P.(V)and Q.,(V) transient load for real and reactive
power, respefvely, as function of voltage;

Pyand Q4 instantancous real and reactive power,
respectively;
T, and T, time constant for real and reactive power,

respectively;

xp and x, load state variable for real and reactive
power, respectively;

a , @, By, Bs, P, and @, are constants independent of
load busbar voltage V.

4. Trajectory Sensitivities Enhanced
UVLS Scheme

4.bTrajectnry Sensitivity Analysis

Trajectory sensitivity analysis is a technique based on
linearizing a system surrounding a certain trajectory and
P loys time domain simulations [17]. This technique
computes the s ivity of the dynamics relating to the
constraints [18]. Trajectory sensitivity provides a method of
enumerating changes in the system y§ables in connection
with the quick changes of system parameters and initial
conditions [19]. The basic methodology of trajectory
sensitivity computation of hybrid systems is illustrated in [19]
as follow.

The systematical representation for voltage stability
analysis of a power system is provided by the following
differential-algebraic equation (DAE),

i=flxy;a) (3

0=g(xya) (o 82
Where x is the vector of dynamic state variables; y is the
vector of algebraic state variables such as load bus voltage
magnitudes and angles; and « represents system parameters,
such as power.

Trajectories of (3) and (4) illustrates the performance of




the dynamic variables x and algebraic variables y, where
flows of x and y can be defined, as
x(t) = @u(xp,t,@) (5)
y(®) = oy (o, t,@) (6)
Sensitivities of the flows ¢, and ¢, to the i}
conditions and parameter variations can be acquired by
forming the Taylor series expansions of above equations,
hence

Ax(t) = A, (xo, t, @) = ""P(’fii“‘) Aa
_ox(t)
= ¢ ba = x (e o
Ay(0) = 8¢, (o, t, @) = %aa
- %A“ =y, (DA« ®

An approximation based numerical method is used to
compute the sensitivities x,and y,, consequently,

dx  Ax
Y =34~ ba
_ o xon @+ Aa) — @ (30, t, @)
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The trajectory sensitivities from (8) and ( 10) are revised to
meet the purpose of this study. The bus voltage magnitude
and load shedding amount are both parameters represented
by y and a correspondingly, hence sensitivities of bus
voltage variation after load shedding at any specified bus are
computed can be defined as

@y (Vo t, P
AV(t) = Ap,(Vy, t,P) = %AP
—av(t)ap'«v(ap 11
= =5 AP = V(1) an
oV _Av
PP =3P T ap
Vo, t,P + AP) — @y (Vy,t, P
z‘ﬁv( il A; oy (Vg ) (12)

4.2. Trajectory Sensitivity Factor

In addition, the trajectory sensitivities are performed to
find the load shedding location. A trajectory sensitivity
factor (TSF) is formulated to assess the contribution of bus j
after load shedding to the system voltage stability. The
sensitivities calculated are [au/aa], which inform the rate
of change in voltage magnitude at bus i with respect to the
load shedding amount variation at bus j. The TSF at bus j is
computed by shedding active power at bus j by a small value
then assessing its impact on voltage magnitudes at all critical
buses along time domain. The TSF proposed in this work is
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defined as

ts

2607
=0 F:‘ b=ty

t

TS

(13)

e
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)
an = AP) = Pshvdj-

Where,
Pped, load shedding amount at bus j
n,  number of critical buses
t,  time instant
t,  number of time instant

The bus with the highest TSF means that this bus has the
largest effect on the voltage stability improvement of the
critical buses hence will be selected as a candidate bus for
location of UVLS. The proposed trajectory sensitivities
based UVLS can be explained as follow:
Step 1 Set load shedding amount. In this work, the load
shedding amount is set at 5 MW for each iteration.
Step2  Select an outage.
Step3  Perform dynamic voltage stability analysis to
observe the voltage behavior for all buses.
Step4  Identify critical zones. This is a zone where buses
in have similar pattern of voltage drop.
StepS  Perform trajectory sensitivity analysis to evaluate
the bus voltage trajectory sensitivities.
Step6  Calculate TSF (13) to assess the contribution of
each load bus on improving voltage stability of the buses the
critical zones. The bus with the highest TSF has the most
influence to improve the system voltage magnitude. The
location of load shedding is determined based on the highest
TSF value.
Step7  Load shedding is applied in the selected bus.
Step8  Perform dynamic voltage stability analysis to
evaluate the system performance after load shedding
Step9  If the system is still unstable, then the network
data is updated and go Step 5. This process will be reiterated
until the voltage stability constraint is satisfied
Step 10 If the voltage stability requirement has been
fulfilled, then write the results and stop the process.

5

3. Results and Discussion

TSF as in (13) is applied to determine the load shedding
amount and location. As mentioned above, the bus with the
high@EJTSF has the biggest effect on the voltage stability.
The proposed method is implemented at the IEEE 14 bus
Reliability Test System (Figure 2).

The system is assumed to be working on a stressed
condition. The system load for this study is 511.36 MW,
consisting of 50% static load and 50% dynamic motor load.
Prior to designing the UVLS scheme, contingency analysis is
performed to choose the critical outage. Based on this
analysis, the outage between bus 6 and bus 13 is chosen in
this study. For the dynamic simulation, a fault is applied
between bus 6 and bus 13, and then the fault is cleared by
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5
removing the !ansmissicm line between bus 6 and bus 13.
Figure 3 shows the voltage drop after disturbance. There are
five critical buses at which the voltage collapses below the
stability limit (0.9 pu). They are buses 9, 10,12, 13 and 14 as
shown in Figure 4.

Figure 2. The test system — [EEE 14 Bus Reliability Test System
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Figure 3. Voltage drop at all buses after outage between bus 6 and bus 13
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Figure 4. Voltage drop at the critical buses after outage between bus 6 and
bus 13

For this simulation, the load shedding amount for each
iteration is set at approximately 1% of the total system load.
In this case, we round the amount to 5 MW for each step. The
trajectoryfnsitivity analysis is performed to assess the
effect of load shedding of 5 MW at each bus in the critical

zone, Figures 5 and 6 illustrate the voltage trajectory
sensitivities of critical buses for the first iteration if load
shedding is commenced at bEl4 and bus 6, respectively.
From both of these figures, it can be concluded that the
voltage trajectory sensitivities if load shedding occurs at bus
14 are better than the sensitivities at bus 6. Furthermore, TSF
is calculated to provide a distinct indication for load
shedding location. In computing the TSF value, we use time
interval 0.5 seconds for the period 0 to 20 seconds. Table 1
illustrates the TSF calculation for load shedding at buses 14
and 6.
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Figure 5. Bus voltage trajectory sensitivities of critical buses if load
shedding is 5 MW at bus 14
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Figure 6. Bus voltage trajectory sensitivities of critical buses if load
shedding is 5 MW at bus 6

Figure 7 depicts the TSF value for each load bus at the first
iteration. As fflicated in the red bar, bus 14 has the highest
TSF (1.854). Load shedding of 5 MW is simulated at bus 14
and the system voltage magnitude is re-evaluated. At this
stage, the system is still unstable; hence, trajectory
sensitivities are performed again to calculate the TSF. For
this simulation, this process is repeated six times until the
system voltages are stable (above 0.9 pu). The results of the
TSF calculation for each if#§tion and load shedding location
based on the highest TSF are presented in Table 2 and Table
3, respectively. Hence, the load shedding locations are bus
14 and bus 13 with a load shedding amount at each bus of 15
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MW. The results of the voltage improvement after load
shedding of 30 MW at buses 14 and 13 can be seen in Figure
8. It clearly proves that the voltages at all buses improve
significantly and that the system stability is recovered.

Table 1. TSF Calculation

1
2
aF,
=0 r=ty

Bus 14 [
9 0271 0.037
10 0223 -0.008
12 0.188 0.083
13 0432 0.038
14 0.74 0.037
1.854 0.187

4. Conclusions &
Ell

This paper proposes a new design of under voltage load
shedding for stabilizing the system following disturbance
and ensuring the system secure limits are satisfied. The
@ Bign is based on trajectory sensitivity technique that
calculates the sensitivity of the dynamics relating to the
constraints and provides a method of enumerating changes in
the system variables in connection with the quick changes of
system parameters initial conditions. Trajectory
sensitivity is employed to determine the minimum amount of
load shedding and sensitivity index is used to verify location
of load shedding.
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Figure 7. TSF values at first iteration

The IEEE 14-bus Reliability Test System indicates that
the trajectory based under voltage load shedding can
effectively improve the system voltage behavior
performance after outage. This proposed method can offer
minimum disruption in load shedding while still ensuring
post-fault voltage stability within the limits.
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Table 2. TSF values

TSF Value
Iteration I I m v v Vi
Bus
Number
2 0.205 0134 0110 0098 0074 0026
3 0.211 0167 0149 0106 0079 0034
4 0.398 0302 0257 0211 008 0057
5 0342 0264 0216 0174 0123 0089
6 0.187 0112 0098 0077 0056 0034
9 0978 0849 0798 0731 0674 0324
10 1.125 1046 0987 0923 0879 0585
11 1.302 1213 L1e8  L092 1021 0793
12 1.324 1265 1205  L158 1115 0967
13 1.743 1419 1367 1257 1187 1076
14 1.854 1578 1319 129 1159 1025
Table 3. Load shedding locations
Load Shedding Design
[teration
Location Amount (MW)
I Bus 14 5
11 Bus 14 5
111 Bus 13 5
v Bus 14 5
v Bus 13 5
VI Bus 13 5
1.4 T T
12
1
!
.ﬁ 0.8
8
:
§ 06 b
3
o4 B
02k b
o | | |
0 5 10 15 20
time (s)
Figure 8. Voltage profile improvement after load shedding
REFERENCES

[11 Z. Y. Dong and P. Zhang, Emerging Techniques in Power




[31

[4]

[5]

[6]

[7

[8]

[9]

[10]

Universal Journal of Electrical and Electronic Engineering 2(3): 118-123, 2014

tem Analysis: Springer, 2009.

A. Wiszniewski, "New Criteria of Voltage Stability Margin
for the Purpose of Load Shedding," IEEE Transactions on
Power Delivery, vol. 22, pp. 1367-1371, 2007.

P. Kundur, Power System Stability and Control. New York:
%Graw—Hill, 1994.

Y. Mansour and C. Canizares, "Voltage Stability,” in Power
System Stability and Control, L. L. Grigsby, Ed., ed Boca
on: Taylor and Francis Group, 2007.

Undervoltage Load Shedding Task Force (UVLSTF)
Technical Studies Subcommittee, "Undervoltage Load
Shedding Guidelines,” Western Systems Coordinating
Council, July 1999.

S. Imai, "Undervoltage Load Shedding Improving Secumis
Reasonable Measure for Extreme Contingencies," in IEEE
Power Engineering Society General Meeting, San Francisco,
California, USA, 12-16 June, 2005, pp. 1754-1759, vol. 2.

M. Begovic, D. Fulton, M. R. Gonzalez, J. Goossens, E. A.
Guro, R. W. Haas, C. F. Henville, G. Manchur, G. L. Michel,
R. C. Pastore, J. Postforoosh, G. L. Schmitt, J. B. Williams, K.
Zimmerman, and A. A Burzese, mary of "System
Protection and Voltage Stability"," IEEE Transactions on
Power Delivery, vol. 10, pp. 631-638, 1995.
C.J. Mozina, "Undervoltage Load Shedding,” in 60th Annual
Conference for Protective Relay Engineers Texas, USA,
27-29 March, 2007, pp. 16-34.

S. S. Ladhani and W. Rosehart, "Under Voltage Load
Shedding Foa!ollage Stability Overview of Concepts and
Principles,” i IEEE Power Engineering Society General
Meeting, Denver, Colorado, USA, 6-10 June, 2004, pp.
1597-1602, vol. 2.

C. M. Affonso, L. C. P.da Silva, F. G. M. Lima, and S. Soares,
"MW and MVar Management on Supply and Demand Side
for Meeting Voltage Stability Margin Criteria,” IEEE
Transactions on Power System, vol. 19, pp. 1538-1545, 2004,

(1]

[14]

[15]

[16]

[17]

[18]

[19]

A. Borghetti, R. Caldon, A. Mari, and C. A. Nucci, "On
dynamic load models for voltage stability studies," IEEE
Transactions on Power Systems, vol. 12, pp. 293-303, 1997.

B. Sapkota and V. Vittal, "Dynamic VAr Planning in a Large
Power System Using Trajectory Sensitivities," IEEE
Transactions on Power Systems, vol. 25, pp. 461469, 2010.

R. M. Rifaat, "On Composite Load Modeling for Voltage
Stability and Under Voltage Load Shedding,” in IEEE Power
Engineering Society General Meeting, Denver, Colorado,
USA, June 7 - 10, 2004, pp. 1603-1610 Vol.2.

B. Hua and V. Ajjarapu, "A Novel Online Load Shedding
Strategy for Mitigating Fault-Induced Delayed Voltage
Recovery," IEEE Transactions on Power Systems, vol. 26, pp.
294-304, 2011.

W. Xu and Y. Mansour, "Voltage Stability Analysis Using
Generic Dynamic Load Models," IEEE Transactions on
Power Systems, vol. 9, pp. 479-493, 1994,

R. Balanathan, N. C. Pahalawaththa, and U. D. Annakkage,
"Undervoltage Load Shedding for Induction Motor Dominant
Loads Considering P, Q Coupling,” IEE Proceedings-
Generation, Transmission and Distribution, vol. 146, pp.
337-342, 1999,

K. N. Shubhanga and A. M. Kulkarni, "Determination of
Effectiveness of Transient Stability Controls Using Reduced
Number of Trajectory Sensitivity Computations,” IEEE
Transactions on Power Systems, vol. 19, pp. 473482, 2004.

J. Ma, D. Han, R.-M. He, Z.-Y. Dong, and D. J. Hill,
"Reducing Identified Parameters of Measurement-Based
Composite Load Model,” IEEE Transactions on Power
Systems, vol. 23, pp. 76-83, 2008.

I. A. Hiskens and M. A. Pai, "Trajectory Sensitivity Analysis
of Hybrid Systems,” IEEE Transactions on Circuits and
Systems I: Fundamental Theory and Applications, vol. 47, pp.
204-220, 2000.




UJEEE 2014

ORIGINALITY REPORT

18 12 14+ 6

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

germanium.cen.brad.ac.uk

Internet Source

T

o

Balanathan, R., N.C. Pahalawaththa, and U.D.
Annakkage. "Undervoltage load shedding for
induction motor dominant loads considering
P, Q coupling", IEE Proceedings - Generation

Transmission and Distribution, 1999.

Publication

T

e

vbn.aau.dk

Internet Source

T

-~

balto.opendap.org

Internet Source

T

o

Submitted to University of Newcastle
Student Paper

T

www.mdpi.com

Internet Source

T

=

Submitted to Virginia Community College
System

Student Paper

T




www.diva-portal.org 1 o
0

Internet Source

H.G. Kwatny. "ldentification of the functional 1 o
relationship between singularity induced °
bifurcation points and load change", 199 IEEE

Power Engineering Society Summer Meeting
Conference Proceedings (Cat No 99CH36364)

PESS-99, 1999

Publication

Naser Abdel-Rahim. "Cost-Effective Control <1
: . %
Scheme for Reduction of Torsional Torque
Oscillations in Starting Large Induction
Motors", Electric Power Components and
Systems, 11/1/2006
Publication
studentsrepo.um.edu.m
Internet Source p y <1 %
idr.mnit.ac.in
Internet Source <1 %
Www.springeropen.com
InternetSOLE)rce g p <1 %
Ching-Yin Lee, Shao-Hong Tsai, Yuan-Kang <'I o

Wu. "A new approach to the assessment of
steady-state voltage stability margins using
the P-Q-V curve", International Journal of
Electrical Power & Energy Systems, 2010

Publication




M.A. Pai. "Sensitivity analysis of power system <'I y
trajectories: recent results", ISCAS 98 ’
Proceedings of the 1998 IEEE International
Symposium on Circuits and Systems (Cat No
98CH36187) ISCAS-98, 1998
Publication
Submitted to University of Bath

Student Paper y <1 %

Hany A. Abdelsalam, Abdelsalam A. Ahmed, <1 o
Ahmed A. Zaki Diab. "Trajectory sensitivity ’
analysis-based systematic Q-matrix of DFIG
with LQR auxiliary voltage and power
compensation for oscillation damping",

International Journal of Electrical Power &
Energy Systems, 2022
Publication

Jin Ma. "Reducing ldentified Parameters of <1 o
Measurement-Based Composite Load Model", ’
|IEEE Transactions on Power Systems, 02/2008
Publication
www.power.uwaterloo.ca

InternetSE)urce <1 %
WWW.SCirp.or

InternetSourcep g <1 %
Submitted to The University of Manchester

Student Paper y <1 %




Yong Hak Kim, Jeon Yeol Han, You Jin Lee,
<l
Yong Ho An, In Jun Song. "Development of
IEC61850 Based Substation Engineering Tools
with [EC61850 Schema Library", Smart Grid
and Renewable Energy, 2011
Publication
Guaniji Hou, Vijay Vittal. "Determination of <1 o
Transient Stability Constrained Interface Real ’
Power Flow Limit Using Trajectory Sensitivity
Approach", IEEE Transactions on Power
Systems, 2013
Publication
Muhammad Bachtiar Nappu. "LMP-lossless
<l%
for congested power system based on DC-
OPF", 2014 Makassar International
Conference on Electrical Engineering and
Informatics (MICEEI), 2014
Publication
Submitted to Universiti Malaysia Pahan
Student Paper y g <1 %
WWW.pserc.or
Internet SE)urce g <1 %
A.M. Ranjbar. "An Improved Model for <1 o

Optimal UnderVoltage Load Shedding: Particle
Swarm Approach", 2006 IEEE Power India
Conference, 2006

Publication




iranarze.ir

Internet Source

<1%

Chih-Ju Chou, Chia-Yu Han, Yuan-Kang Wu,
T > <Il%
Ching-Yin Lee. "Study on voltage stability of
island grid supplied by large grid with long
submarine cables considering different load
patterns”, 2011 International Conference &
Utility Exhibition on Power and Energy
Systems: Issues and Prospects for Asia (ICUE),
2011
Publication
L.D. Arya, Pushpendra Singh, L.S. Titare.
. . L <l%
"Optimum load shedding based on sensitivity
to enhance static voltage stability using DE",
Swarm and Evolutionary Computation, 2012
Publication
arxiv.or
InternetSourge <1 %
mspace.lib.umanitoba.ca
InternFe)tSource <1 %
www.researchgate.net
Internet Source g <1 %
Asao Arai. "Hilbert Space Representations of <1 o

Generalized Canonical Commutation
Relations", Journal of Mathematics, 2013

Publication




Chassin, Forrest S., Ebony T. Mayhorn, <1 y
Marcelo A. Elizondo, and Shuai Lu. "Load ’
modeling and calibration techniques for
power system studies", 2011 North American
Power Symposium, 2011.

Publication

Hill, D.J.., Y. Mishra, |. I\/I'a, and Z.Y. Dong. <1 o
"Induction motor load impact on power
system eigenvalue sensitivity analysis", IET
Generation Transmission & Distribution, 2009.

Publication

Milanovic, J.V.. "On gnreliability of exponential <1 o
load models", Electric Power Systems
Research, 19990215
Publication

Qin Wang, Venkataramana Ajjarapu. "A <1 o
Critical Review on Preventive and Corrective ’
Control against Voltage Collapse", Electric
Power Components and Systems, 12/1/2001
Publication

Song, Jiajia, Eduardo Cotilla-Sanchez, and Ted <1 o

K. A. Brekken. "Load modeling methodologies
for cascading outage simulation considering
power system stability", 2013 1st IEEE
Conference on Technologies for Sustainability
(SusTech), 2013.

Publication




Ikr?tzf?]cezltsS(():ur:Cce)Iars.brad.ac.uk <1 o
o s com <1
Pl <Tu
ey edu.au <1y
oot B <7«
x\:;/x]\éxtlézsrffarch.manchester.ac.uk <1 o
Mehrtash, Amir, Peng Wang, and Lalit Goel. <1 o

"Reliability Evaluation of Power Systems
Considering Restructuring and Renewable
Generators", IEEE Transactions on Power
Systems, 2012.

Publication

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



