
Electric Power Systems Research 80 (2010) 1082–1088

Contents lists available at ScienceDirect

Electric Power Systems Research

journa l homepage: www.e lsev ier .com/ locate /epsr

On impedance matching and maximum power transfer

Weixing Lia,b,∗, Tongwen Chenb, Wilsun Xub

a Department of Electrical Engineering, Harbin Institute of Technology, Harbin, China
b Department of Electrical and Computer Engineering, University of Alberta, Edmonton, Alberta, T6G 2V4, Canada

a r t i c l e i n f o

Article history:
Received 19 October 2009
Received in revised form 27 January 2010
Accepted 27 January 2010
Available online 24 February 2010

Keywords:
Power systems
Maximum power transfer
Impedance matching
Network equivalent
Predictor–corrector framework

a b s t r a c t

This paper investigates the relationship between the impedance matching and the maximum power
transfer problems, and presents a predictor–corrector framework for fast estimation of the maximum
power transfer limit for the load increase pattern with a common scaling factor. First, a network equivalent
technique is presented and a “decoupled” equivalent network is obtained for every load bus. Second, a
special form of impedance matching condition is derived for the maximum power transfer problem with
an unlimited load variation pattern. Though this is an unrealistic case in power systems, it might have a
profound physical mechanism and lead to an interesting explanation and application for the presented
equivalent technique. Third, this paper discusses the relationship between the impedance matching and
the maximum power transfer problem for the load increase pattern with a common scaling factor. Finally,
a predictor–corrector framework is introduced for fast estimation of the maximum power transfer limit
for the load increase pattern with a common scaling factor.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Due to economic, technical and environmental concerns, today’s
power systems are being forced to operate closer to their loadability
limits. As a result, the power transfer capability of an intercon-
nected power system has been becoming an important concern of
both system planners and operators. Therefore, how to determine
the maximum power transfer limit of an interconnected power sys-
tem has become an increasingly important issue in power system
planning and operation.

In modern power systems, the increasing penetration of renew-
able energy sources is putting power system security in a challenge
because of large uncertainties. Excessive power injections of
renewable sources could cause an undue risk of system overloads,
voltage collapse, or even blackouts due to deficient power transfer
capabilities. Therefore, accurate evaluation of transfer capability
is essential to maximize utilization of existing transmission grids
while maintaining system security.

In general, the power transfer of an interconnected power sys-
tem may be limited by the physical and electrical characteristics of
the systems including any one or more of thermal, voltage and sta-
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bility limits [1]. When the dynamic or transient stability constraints
are considered, it will be very difficult to determine the maximum
power transfer limit for online applications [2–4]. Therefore, in the
last decades, considerable attentions were mainly paid to the cal-
culation of the maximum power transfer limit with static security
constraints [5–8], and the conventional P–V and Q–V curves are
widely used as a tool for off-line application in utility industries
[9,10].

In recent years, due to the fast development of synchronized
phasor measurement technologies, the measurement-based meth-
ods have received considerable attentions for online estimation of
the maximum power transfer limit [11–18]. In essence, this type of
method is based on the well-known impedance matching principle.
The measured data are used to obtain the Thevenin equivalent of
the system, as seen from the load bus under study, and the appar-
ent impedance of the load. When the Thevenin impedance matches
the load impedance in magnitude, the maximum power transfer is
reached.

The purpose of this paper is to discuss the relationship between
impedance matching and maximum power transfer, and thus pro-
pose a predictor–corrector framework for fast estimation of the
maximum power transfer limit for the load increase pattern with
a common scaling factor. First, a network equivalent technique is
presented. In Section 2, a special form of impedance matching con-
dition is derived for the maximum power transfer problem with
the unlimited load variation pattern. Section 4 discusses the maxi-
mum power transfer problem for the limited load increase pattern.
In Section 5, a predictor–corrector framework is introduced for
fast estimation of the maximum power transfer limit for the load
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