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Improving Power Flow Convergence
By Leveraging Region of Attraction
Visualization

Abstract

Newton-Raphson (NR) power flow can readily converge to alternative, non-
operational solutions. Using visualizations of the region of attraction (ROA), the paper
demonstrates that the routine flat start (1 p.u., 0°) often lies outside the basin of
the desired operating point, especially in large systems. Guided by these diagnostics,
d | ] three computationally tractable approaches are evaluated:
(i) rectangular-form NR with an optimal multiplier, (ii)
voltage-dependent load switching from constant-power
i to constant-current/impedance below thresholds, and
| (iii) a lightweight pre-solve heuristic that adjusts initial
‘ voltages at buses implicated by extreme initial branch-
flow mismatches. The results deliver a clear geometric
i understanding of NR behavior and practical applications
that integrate with existing solvers.
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