
Time Series Based Semi-Analytical Solution of 
Power Systems and its Application in Direct 

Methods

Eric Abreut1, Bin Wang2 , Kai Sun2

1 Florida International University 2 The University of Tennessee, Knoxville

Decouplability Assumption
• A multi-machine power system can be always

decoupled into a set of independent SMIB systems.

System model
• Constant impedance model for all loads
• Classic model for all generators in the System

Principle

Decoupling
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179-bus WECC system

Case Studies

IEEE 3-machine 9-bus system

• 20 critical line-tripping contingencies are ranked
by DM-II.

Accuracy Table
Graph of Time Domain vs. 

Proposed Method 

• A semi-analytical solution to power system differential
equations.

• The multi-machine power system is decoupled into a set of
independent single-machine-infinite-bus (SMIB) systems.

• Solving set of linear equations provides a semi-analytical
solution to power system.

• The semi-analytical solution can replace Time Domain
Simulation to determine the fault-on trajectory used in Direct
Method
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