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Search [SP]: 1. a method of monitoring voltage stability of a transmission corridor through which power flows between different parts of a power
4: system, the method comprising the following performed by a voltage stability monitoring apparatus: monitoring an equivalent load

impedance at an interface between the transmission corridor and a part of the power system designated as generating said power, the
equivalent load impedance at said interface comprising a ratio of a voltage phasor at said interface to a current phasor at said
interfacetracking a thevenin equivalent voltage and impedance of said designated part by separately updating that voltage and impedance,
wherein updating the thevenin equivalent voltage comprises updating the imaginary part of the voltage to reflect the magnitude of any
changes in said voltage phasor that are associated with large variations in the magnitude of the equivalent load impedance at said
interface, said large variations including variations greater than a threshold-defined variationcomputing an index indicating said voltage
stability as a function of the tracked thevenin equivalent voltage and impedance andperforming one or more actions, based on the
computed index, as needed to control the transmission corridor's voltage stability and/or mitigate system degradation or disturbance
propagation. 2. the method of claim 1, wherein updating the thevenin equivalent voltage further comprises setting the real part of the
voltage to said voltage phasor for a current phasor measurement time. 3. the method of claim 1, wherein said updating the thevenin
equivalent voltage comprises, for each of a plurality of phasor measurement times, determining whether or not variation in the magnitude
of the equivalent load impedance at said interface since a previous phasor measurement time is greater than the threshold-defined
variation, and, if so, adjusting the imaginary part of the thevenin equivalent voltage computed for the previous phasor measurement time
by the magnitude of the change in said voltage phasor since that previous phasor measurement time. 4. the method of claim 1, wherein
updating the thevenin equivalent impedance comprises solving a set of two linear equations with two unknown variables that comprise the
real and imaginary parts of the thevenin equivalent impedance, wherein known variables in the set of two linear equations include the
imaginary part of the thevenin equivalent voltage as updated to reflect the magnitude of any changes in said voltage phasor and the real
part of the thevenin equivalent voltage as set to said voltage phasor for a current phasor measurement time. 5. the method of claim 1,
further comprising dynamically adjusting a threshold defining the threshold-defined variation, as a function of the thevenin equivalent
voltage. 6. the method of claim 1, further comprising dynamically adapting which of said parts of the power system is designated as
generating said power, responsive to detecting a change in direction or magnitude of power flowing through one or both interfaces between
the transmission corridor and said parts of the power system. 7. the method of claim 1, further comprising monitoring whether a breaker for
each line associated with said interface is open or closed, and wherein monitoring the equivalent load impedance at said interface comprises
dynamically computing the equivalent load impedance at said interface exclusively from phasor measurements taken at lines whose
breakers are closed. 8. the method of claim 7, wherein, responsive to detecting the opening or closing of one or more of said breakers, said
updating comprises updating the imaginary part of the thevenin equivalent voltage to reflect the magnitude of the resulting change in said
voltage phasor, as dynamically computed, without re-initializing the imaginary part of the thevenin equivalent voltage. 9. the method of
claim 1, wherein updating the thevenin equivalent voltage further comprises, responsive to small variations in the magnitude of the
equivalent load impedance at said interface, decreasing or increasing the imaginary part of the thevenin equivalent voltage by a predefined
percentage change when said small variations do or do not have the same polarity as estimated variations in said thevenin equivalent
impedance, respectively, said small variations including variations less than the threshold-defined variation. 10. the method of claim 9,
wherein, responsive to small variations in the magnitude of the equivalent load impedance at said interface, increasing the imaginary part
of the thevenin equivalent voltage comprises computing the imaginary part of the thevenin equivalent voltage as eg,ii=eg,ii-1(1+]|eg,ii-
1xk|) and decreasing the imaginary part of the thevenin equivalent voltage comprises computing the imaginary part of the thevenin
equivalent voltage as eg,ii=eg,ii-1(1-|eg,ii-1xk|), where eg,ii is the imaginary part of the thevenin equivalent voltage for a current phasor
measurement time i, eg,ii-1 is the imaginary part of the thevenin equivalent voltage for a previous phasor measurement time i-1, and k is
a pre-specified parameter configured to constrain tracking error within predefined bounds, and wherein updating the thevenin equivalent
voltage further comprises setting the real part of the thevenin equivalent voltage eg,ri for the current phasor measurement time i as
eg,ri=vint g i. 11. the method of claim 10, wherein, responsive to small variations in the magnitude of the equivalent load impedance at
said interface, increasing the imaginary part of the thevenin equivalent voltage comprises unconditionally computing the imaginary part of
thevenin equivalent voltage as eg,ii=eg,ii-1(1+|eg,ii-1xk|) and decreasing the imaginary part of the thevenin equivalent voltage comprises
unconditionally computing the imaginary part of the thevenin equivalent voltage as eg,ii=eg,ii-1(1-|eg,ii-1xk|). 12. the method of claim 1,
wherein said performing comprises automatically performing a prescribed action based on the computed index. 13. the method of claim 1,
wherein said performing comprises displaying the computed index. 14. a voltage stability monitoring apparatus configured to monitor
voltage stability of a transmission corridor through which power flows between different parts of a power system, the voltage stability
monitoring apparatus comprising one or more processing circuits configured to: monitor an equivalent load impedance at an interface
between the transmission corridor and a part of the power system designated as generating said power, the equivalent load impedance at
said interface comprising a ratio of a voltage phasor at said interface to a current phasor at said interfacetrack a thevenin equivalent voltage
and impedance of said designated part by separately updating that voltage and impedance, wherein updating the thevenin equivalent
voltage comprises updating imaginary part of the voltage to reflect the magnitude of any changes in said voltage phasor that are
associated with large variations in the magnitude of the equivalent load impedance at said interface, said large variations including
variations greater than a threshold-defined variationcompute an index indicating said voltage stability as a function of the tracked thevenin
equivalent voltage and impedance andperform one or more actions, based on the computed index, as needed to control the transmission
corridor's voltage stability and/or mitigate system degradation or disturbance propagation. 15. the voltage stability monitoring apparatus of
claim 14, wherein the one or more processing circuits are configured to update the thevenin equivalent voltage further by setting the real
part of the voltage to said voltage phasor for a current phasor measurement time. 16. the voltage stability monitoring apparatus of claim
14, wherein the one or more processing circuits are configured to update the thevenin equivalent voltage by, for each of a plurality of phasor
measurement times, determining whether or not variation in the magnitude of the equivalent load impedance at said interface since a
previous phasor measurement time is greater than the threshold-defined variation, and, if so, adjusting the imaginary part of the thevenin
equivalent voltage computed for the previous phasor measurement time by the magnitude of the change in said voltage phasor since that
previous phasor measurement time. 17. the voltage stability monitoring apparatus of claim 14, wherein the one or more processing circuits
are configured to update the thevenin equivalent impedance by solving a set of two linear equations with two unknown variables that
comprise the real and imaginary parts of the thevenin equivalent impedance, wherein known variables in the set of two linear equations
include the imaginary part of the thevenin equivalent voltage as updated to reflect the magnitude of any changes in said voltage phasor
and the real part of the thevenin equivalent voltage as set to said voltage phasor for a current phasor measurement time. 18. the voltage
stability monitoring apparatus of claim 14, wherein the one or more processing (Results 8)
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Abstract: Source: US2014340102A [EN] A voltage stability monitoring apparatus monitors the voltage stability of a
transmission corridor through which power flows between different parts of a power system. The apparatus monitors an
equivalent load impedance at an interface between the transmission corridor and a part of the power system designated as
generating the power. This equivalent load impedance at the interface comprises a ratio of a voltage phasor at the interface
to a current phasor at the interface. The apparatus tracks a Thevenin equivalent voltage and impedance of the designated
part by separately updating that voltage and impedance. Notably, the apparatus updates the Thevenin equivalent voltage to
reflect the magnitude of any changes in the voltage phasor that are associated with large variations in the magnitude of the
equivalent load impedance at the interface. The apparatus computes an index indicating the voltage stability as a function of
this tracked Thevenin equivalent voltage and impedance.
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2) Family number: 15255828 (US6219591B)

Title: VOLTAGE INSTABILITY PREDICTOR (VIP)-METHOD AND SYSTEM FOR PERFORMING ADAPTIVE CONTROL TO IMPROVE
VOLTAGE STABILITY IN POWER SYSTEMS

Abstract: Source: US6219591B [EN] A Voltage Instability Predictor (VIP) estimates the proximity of a power system to
voltage collapse in real time. The VIP can be implemented in a microprocessor-based relay whose settings are changed
adaptively to reflect system changes. Only local measurements (voltage and current) at the bus terminal are required.
Contrary to the most common strategy to maintain voltage stability, which is to shed blocks of load when the voltage drops
below a certain fixed threshold, which threshold is difficult to select since voltage magnitudes are a poor indicator of how
close the system is to a collapse, the inventive VIP detects this proximity to collapse by monitoring the relationship between
the apparent impedance {overscore (Z)}app and the Thevenin-impedance circle.
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3) Family number: 41697822 (US2008086239A)
Title: METHOD FOR VOLTAGE INSTABILITY LOAD SHEDDING USING LOCAL MEASUREMENTS

Abstract: Source: US2008086239A [EN] A method of voltage instability load shedding, that includes the steps of measuring
current and voltage waveforms of an electrical system at a local bus estimating the Thevenin equivalent admittance based
on Kalman Filter techniques, then a voltage stability margin index is calculated using the voltage magnitude. The determined
Thevenin admittance and the load at the local system bus and the calculated voltage stability margin index is compared with
a predetermined threshold value to determine whether to initiate a load shedding action.
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4) Family number: 30466876 (US2004073387A)

Title: DETERMINING PARAMETERS OF AN EQUIVALENT CIRCUIT REPRESENTING A TRANSMISSION SECTION OF AN
ELECTRICAL NETWORK

Abstract: Source: US2004073387A [EN] In a method, computer program and apparatus for determining parameters of an
equivalent circuit representing a transmission section of an electrical network, the transmission section (4) is representable
as having at least two interfaces (5,6,7) with other sections (1,2,3) of the network, and the method comprises the steps of a)
determining, for each of the interfaces (5,6,7), a voltage phasor ({overscore (v1,{overscore (v2,{overscore (v3) at the
interface (5,6,7) and a phasor of a current ({overscore (i1,{overscore (i2,{overscore (i3) flowing through the interface
(5,6,7), the measurements at the different interfaces (5,6,7) being made essentially simultaneously, and b) computing, from
said voltage ({overscore (v1,{overscore (v2,{overscore (v3) and current ({overscore (i1, {overscore (i2,{overscore
(i3)phasors, values of impedances ({overscore (ZT,{overscore (Zsh) constituting the equivalent circuit. This allows
determining the equivalent circuit from a single set of essentially simultaneous measurements.
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Title: METHOD OF DETERMINING VOLTAGE STABILITY MARGIN FOR LOAD SHEDDING WITHIN AN ELECTRICAL POWER
SYSTEM

Abstract: Source: US2009009349A [EN] A method of monitoring voltage stability within an electrical power system
comprises the steps of establishing a dynamic power system stability margin based on an operating characteristic of the
power system; indicating that the power system has become unstable when the dynamic power system stability margin falls
below a predetermined value; and initiating dynamic load shedding and/or restoration depending on stability margin.
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