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Causes of Power System Blackouts

Blackouts
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Primary Causes

Primary protective relay failure
Line fault

High winds causing line out
Line sagged into trees

Hidden failure

Lighting

Phase-to-ground fault

Tower causing multiple lines out
A sequence of line trappings

10. Etc.

Causes of Cascading

Deterministic Factors

1. Under-frequency
2. Overload

3. Over-current

4. Low voltage

5. Etc.

Probabilistic Factors

1. Failure of the tap-changing
mechanism

2. Additional lighting

3. Failure of Communication
channel

4. Failure of Backup device
5. Operators’ unawareness of
failures

6. Failure of EMS system

1. Etc.




Operations of Power Systems




Operations of Power Systems
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Motivations




Mechanism of Cascading Failures

Two causes of cascading failures:

Ex: overload on a line causes further line trips




Mechanism of Cascading Failures
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Mechanism of Cascading Failures

Statistics Theorem:

Therefore,

same parameter




Distribution of Blackouts

Gamma Distribution:

Since the probability of falling in different levels is
different, so the distribution of Blackouts is a




Distribution of Blackouts

Gamma Distribution:
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Distribution of Blackouts

Let X, be a Gamma random variable with shape parameter k and
scale parameter 5,

Let X be the life of the system which takes the value X, with
probabilities p,, 1 = k = K,, where K,is the maximal level.
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Numerical Tests

Using Monte Carlo Simulation

However,




Numerical Tests

Approach to save the simulation time

Observation:




Numerical Tests

Approach to save the simulation time

Approach:




Numerical Tests




Numerical Tests

24 bus power system is used




Thanks for you attention!

Dr. Bei Gou, bgou@uta.edu




