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Main Cause and Result of the US/Canada
Blackout 2003

Tree-to-line contact resulting transmission outage
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Factors that Contribute to Voltage
Collapse:

® Increased loading on transmission lines

® Reactive power constraints

® Transformer On-Load Tap Changer (OLTC) dynamics
® Load characteristics

® Generator exciter current limits
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Real-time Voltage Stability Margin
(RVSM) Method
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TWO-BUS SYSTEM STATIC ANALYSIS
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DYNAMIC ANALY SIS
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Test Power Systems
IEEE 39-bus system network diagram
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Real-time (RTDS) Simulations for
RVSM T@Sﬁim -
d at bus

< Continuous load increase of 10% per secon

+ Remaining loads were increased to 150% of nominal values
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Real-time Voltage Stability Index
(RVSI)

® Modification of Improved Voltage Instability Monitoring Method
(IVIMI) [3] into Real-time Voltage Stability Index (RVSI)

® Index requires wide area measurements of voltage magnitude and the
rate of voltage change at all load buses

@ Able to predict voltage collapse in the system

CVV;
RVST; = wy (i) X —2 4w, (i) x —Li
VVNmax CVVimax
G10 ‘
= [
® VVN;, VVN,,, - voltage variation and '
maximum volta tage variation from 5]
reference value at the i-th measuring
instant; 5 '
© CVV;, CVV,_,, - consecutive voltage &
Varlatlon and maximum consecutive il | 2]
voltage variation at the i-th measuring v | (5]
Instant; Te7 | 5l
L .
w v
® wy(i), w,(i) - weights of the rate of the l - —
two criteria o] Wia
® @

%

[3] R. Sodhi, S. C. Srivastava and S. N. Singh, "A Simple Scheme for Wide Area Detection of Impending Voltage
Instability”, IEEE Transactions on Smart Grid, Vol.2, No. 3, pp 818-827, June 2012.




Off-line Verification of Improved Voltage
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On-line Simulations of modified

R@al {tﬂm@ V@l{t@g@ Stabﬂnty Im@l@x (RVSI)
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Real-time Fast Voltage Stability Index
(RFVSI)

© Tested Fast Voltage Stability Index (FVSI) [4,5] using off-line & real-time simulations
(REFVSI)

® Index requires loading information at each bus, voltage measurements at receiving
end buses & transmission lines impedances

® Able to determine critical lines, maximum transferrable power and voltage collapse
point

V140 V2406
\Pl, Q1, St P2, Q2, S2
Bus 1 Bus 2
I
R+jX
X, Z - line reactance and impedance
472 Q;: (i) (constant values),
RFVSI;(i) = ——= _ _
[V;(D]?X Qj, Qj max - reactive power and maximum
allowable reactive power at the receiving
Q}.(i) < Q}. max bus at each measuring instant 7,
V(i) = Vi nin V:, V; min - voltage and minimum

allowable voltage at the sending bus at
each measuring instant i

[4] C. Cardet, “Analysis on Voltage Stability Indices”, Master Thesis, Institute for Automation for Complex Power Systems, German Energy Research Center, 2010.

[5] I. Musirin and T. Rahman, “Novel Fast Voltage Stability Index (FVSI) for Voltage Stability Analysis in Power Transmission System”, 2002 S nt Conference on Research
and Development Proceedings, Slah Alam, M4laysia, pp. 265-268, July 2002.
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RTDS Simulations of Fast Voltage
Stability Index (RFVSH)
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Verification of Proposed RVSM Method
with Dynamic Load Variations
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Real-time (RTDS) Simulations for
RVSM T@Sﬁimg
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Real-time (RTDS) Simulations for
RVSM Testing
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Conclusion

Real-time Voltage Stability Margin (RVSM) method - proved to be accurate
(off-line and real-time simulations). Used local measurements to find
maximum admissible loading, voltage collapse point and determine voltage
stability margins at critical buses.

Real-time Voltage Stability Index (RVSI) — verified using wide area
measurements of voltage deviations with ZIP and PQ load models; able to finc
voltage collapse prediction time at each bus.

Real-time Fast Voltage Stability Index (RFVSI) — tested to determine weakest
lines in the system, maximum reactive power to be transferred and voltage
collapse point.

On-line RVSM (Margin Method) was verified using dynamic load variations
(realistic daily load curves) for normal and stressed conditions.
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