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Executive Summary

Recently, a novel non-iterative power flow (PF) method known as the Holomorphic Embedding
Method (HEM) was applied to the power-flow problem. The method has been shown to produce
reduced-order network models (from analytical model data) that accurately captured the nonlinear
behavior of the network models and were able to predict the nearness of the operating point to the
saddle-nose bifurcation point (SNBP), a measure of voltage stability margin. The goal of this work
was to explore whether HEM could be used with PMU measurements to similarly calculate this
metric.

The work progressed in five stages. The first stage was to produce reduced-order nonlinear
Thévenin-like network models using HEM and analytical model data. These reduced-order models
served as accurate reference cases for the models built using PMU measurement. This first stage
was completed successfully, showing the wide range of conditions over which such models were
both valid and could be developed.

The second stage involved showing that the traditional maximum power transfer theorem (MPTT)
used for linear models was not applicable to nonlinear models and a new nonlinear MPTT
successfully derived.

The third state involed identifying ways in which the nonlinear reduced order Thévenin-like
models could be used to predict the SNBP. Of the methods identified, two methods were singled
out for further testing: (1) The MPTT method (using the nonlinear MPTT); (2) The Roots method
(using the roots of Padé approximant of the voltage function for the bus at which the PMU
measurements were taken).

In the forth stage of work, numerical methods for approximating the needed functions from
measured data were proposed. Recognizing that appxoimations of the functions from measured
data were senstive to precision, multiple numerical methods for both the MPTT and Roots methods
were tested using psuedo-measurment from the network models identified in the first stage of this
work. Advantages and limitations of both methods were identified and both methods were shown
to be viable provided sufficient accuracy in the measurments and calculations was assumed.

In the fifth stage, noise was added to the pseudo-measurements and the various numerical methods
proposed were reevaluated. With this test, the performance was less accurate than hoped and future
work was identified to improve the performance.
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