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Small Signal Stability Small signal stability refers to the system's ability to maintain steady voltages when subjected to
small perturbations such as incremental changes in system load. This form of stability is influenced by the
characteristics of loads, continuous controls, and discrete controls at a given instant of time.

Overview[ edit ] Many of the electrical components used in simple electric circuits, such as resistors ,
inductors , and capacitors are linear , which means the current in them is proportional to the applied voltage.
Circuits made with these components, called linear circuits , are governed by linear differential equations , and
can be solved easily with powerful mathematical methods such as the Laplace transform. In contrast, many of
the components that make up electronic circuits, such as diodes , transistors , integrated circuits , and vacuum
tubes are nonlinear ; that is the current through them is not proportional to the voltage, and the output of
two-port devices like transistors is not proportional to their input. The relationship between current and
voltage in them is given by a curved line on a graph, their characteristic curve I-V curve. To calculate the
current and voltage in them generally requires either graphical methods or simulation on computers using
electronic circuit simulation programs like SPICE. However in some electronic circuits such as radio receivers
, telecommunications, sensors, instrumentation and signal processing circuits, the AC signals are "small"
compared to the DC voltages and currents in the circuit. In these, perturbation theory can be used to derive an
approximate AC equivalent circuit which is linear, allowing the AC behavior of the circuit to be calculated
easily. In these circuits a steady DC current or voltage from the power supply, called a bias , is applied to each
nonlinear component such as a transistor and vacuum tube to set its operating point, and the time-varying AC
current or voltage which represents the signal to be processed is added to it. The point on the graph
representing the bias current and voltage is called the quiescent point Q point. In the above circuits the AC
signal is small compared to the bias, representing a small perturbation of the DC voltage or current in the
circuit about the Q point. If the characteristic curve of the device is sufficiently flat over the region occupied
by the signal, using a Taylor series expansion the nonlinear function can be approximated near the bias point
by its first order partial derivative this is equivalent to approximating the characteristic curve by a straight line
tangent to it at the bias point. These partial derivatives represent the incremental capacitance , resistance ,
inductance and gain seen by the signal, and can be used to create a linear equivalent circuit giving the response
of the real circuit to a small AC signal. This is called the "small-signal model". The small signal model is
dependent on the DC bias currents and voltages in the circuit the Q point. Changing the bias moves the
operating point up or down on the curves, thus changing the equivalent small-signal AC resistance, gain, etc.
Any nonlinear component whose characteristics are given by a continuous , single-valued , smooth
differentiable curve can be approximated by a linear small-signal model. Small-signal models exist for
electron tubes , diodes , field-effect transistors FET and bipolar transistors , notably the hybrid-pi model and
various two-port networks. Manufacturers often list the small-signal characteristics of such components at
"typical" bias values on their data sheets. Variable notation[ edit ] Large-signal DC quantities are denoted by
uppercase letters with uppercase subscripts. For example, the DC input bias voltage of a transistor would be
denoted V.
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Chapter 2 : Small-Signal Stability Analysis and Control | Power System Dynamic Performance Committee
Abstract. This chapter describes the small-signal models of different power system components related to the contents
of this book. These models have been employed in successive chapters in this book for the analysis of small-signal
stability problems in SMIB as well as in multimachine power systems.

For example a system consisting of asynchronus generator feeding an induction motorload through a
transmission line can becomeunstable because of the collapse of load voltage. The disturbance may be small
or large. Classification Of PowerSystem Stability 8. Prefault - before the fault occurs the system isassumed to
be at an equilibrium point2. Faulted - the fault changes the system equations,moving the system away from its
equilibrium point3. Post fault - after fault is cleared the systemhopefully returns to a new operating point The
characteristics of the network andload do not intersect at the instability point. A load increasebeyond the
voltage collapse point results in loss ofequilibrium, and the power system can no longer operate. Thiswill
typically lead to cascading outages. Thevoltage control of the system, however, quickly restoresgenerator
terminal voltages by increasing excitation. Theadditional reactive power flow at the transformers
andtransmission lines causes additional voltage drop at thesecomponents. Power systems are operated in the
upper part of the PV-curve. Thispart of the PV-curve is statically and dynamically stable. Thecritical point
where the solutions unite is the voltage collapse point. The maximum loading point is more interesting from
the practicalpoint of view than the true voltage collapse point, because themaximum of power system loading
is achieved at this point. Themaximum loading point is the voltage collapse point when constantpower loads
are considered, but in general they are different. The power system becomes voltage unstable at the voltage
collapsepoint. Voltages decrease rapidly due to the requirement for an infiniteamount of reactive power. The
power system can onlyoperate in stable equilibrium so that the system dynamics act to restorethe state to
equilibrium when it is perturbed. Classification of Voltage stabilitySmall-disturbance Voltage Stability- this
categoryconsiders small perturbations such as an incrementalchange in system load. The time scale of
short-term Frequency problems may appear after a majordisturbance resulting in power system islanding.
Frequency instability is related to the active powerimbalance between generators and loads. An islandmay be
either under or over-generated when thesystem frequency either declines or rises. Forms of InstabilityTwo
forms of Instabilityoccur under theseconditions: Such oscillations are called local plant modeoscillations. Such
oscillations are called inter-areamode oscillations. However as the steady statesystem conditions change,
magnitude of E maychange, representing a changed operating condition ofexternal network. The parameters of
the PSS for aparticular generator must be adjusted after carefulstudy of the power system dynamic
performance. Higher frequency modes involving subgroups ofgenerators swinging against each other. The
frequency of these oscillations is typically in therange of 0.
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Book Description. Power System Small Signal Stability Analysis and Control presents a detailed analysis of the problem
of severe outages due to the sustained growth of small signal oscillations in modern interconnected power systems.

Chapter 4 : Power System Small Signal Stability Analysis and Control [Book]
Small signal stability analysis [3] provides efficient methods in this respect, and a main purpose of the study presented
below is to illustrate the use of such tools.
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