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Italic type denotes scalar physical quantity (e.g. R, L, C) or numerical variable (e.g. x, y).

Phasor or complex quantity or numerical variable is underlined (e.g. I, V, S).
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Matrix transposition T is written using roman type.

Differential and partial differential coefficients are written using roman type (e.g.
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df of
o

Symbols

a,a>  operators shifting the angle by 120° and 240°, respectively.

B, magnetizing susceptance of a transformer.

B susceptance of a shunt element.

D damping coefficient.

Ey kinetic energy of the rotor relative to the synchronous speed.

Ep potential energy of the rotor with respect to the equilibrium point.

er field voltage referred to the fictitious g-axis armature coil.

eq steady-state emf induced in the fictitious g-axis armature coil proportional to the field winding self-flux
linkages.

e transient emf induced in the fictitious d-axis armature coil proportional to the flux linkages of the g-axis

coil representing the solid steel rotor body (round-rotor generators only).
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transient emf induced in the fictitious g-axis armature coil proportional to the field winding
flux linkages.

subtransient emf induced in the fictitious d-axis armature coil proportional to the total g-axis
rotor flux linkages (q-axis damper winding and g-axis solid steel rotor body).
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vector of instantaneous phase currents.

vector of instantaneous currents in the field winding and the d- and g-axis damper windings.
vector of armature currents in the rotor reference frame.

armature current.

d- and g-axis component of the armature current.
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vector of complex current injections to the retained and eliminated nodes.

vector of complex generator and load currents.

vector of load corrective complex currents.
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voltage sensitivities of the load (the slopes of the real and reactive power demand character-
istics as a function of voltage).
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Pg, (6)).

transient synchronizing power coefficient (the slope of the transient power angle curve
Py, (&)).
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Py (8).

reciprocal of droop for the i-th generating unit.

frequency sensitivity coefficient of the system real power demand.

reciprocal of droop for the total system generation characteristic.

length of a transmission line.
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inductances of the fictitious d- and g-axis armature windings.
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in induction machine (Chapter 7), real power supplied from the grid (motoring mode) or
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by a motor to a load (induction machine in motoring mode, Chapter 7).
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stator power of induction machine (Chapter 7).
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total power generated in a system.
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air-gap power curve assuming V, = constant.

critical value of Py, (5).
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network).

reactive power demand at rated voltage.
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Laplace operator.
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open-circuit g-axis transient and subtransient time constants.

armature winding time constant.

transformation matrix between network (a, b) and generator (d, q) coordinates.
instantaneous voltages across phases A, B, and C and the field winding.
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wind speed.

vector of instantaneous voltages across phases A, B, and C.

vector of instantaneous voltages across the field winding and

the d- and g-axis damper windings.

Lyapunov function.

critical value of the voltage.

d- and g-axis component of the generator terminal voltage.

voltage applied to the field winding.

voltage at the generator terminals.

infinite busbar voltage.

d- and g-axis component of the infinite busbar voltage.

voltage at the sending and receiving end of a transmission line.

local voltage at the point of installation of a shunt element.

complex voltage at node i.

vector of complex voltages at the retained and eliminated nodes.

work.

Park’s modified transformation matrix.

modal matrices of right and left eigenvectors.

armature reaction reactance (round-rotor generator).

reactance of a series compensator.

reactance corresponding to the flux path around the damper winding.
d-axis synchronous, transient, and subtransient reactance.

total d-axis synchronous, transient, and subtransient reactance between (and including) the
generator and the infinite busbar.

pre-fault, fault, and post-fault value of x.

reactance corresponding to the flux path around the field winding.
armature leakage reactance of a generator.
g-axis synchronous, transient and subtransient reactance.

total g-axis synchronous, transient, and subtransient reactance between (and including) the
generator and the infinite busbar.

short-circuit reactance of a system as seen from a node.

admittance of a transformer.

admittance matrix.

admittance submatrices, where subscript G corresponds to fictitious generator nodes and
subscript L corresponds to all the other nodes (including generator terminal nodes).
element of the admittance matrix.

complex admittance submatrices, where subscript E refers to eliminated and subscript R to

retained nodes. Z = /1% + xaxq.

characteristic impedance of a transmission line.
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internal impedance of the infinite busbar.
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rotor speed deviation equal to (w — ws).

instantaneous position of the generator d-axis relative to phase A.
position of the generator d-axis at the instant of a fault.
armature reaction flux.

d- and g-axis component of the armature reaction flux.
ac armature reaction flux (rotating).

dc armature reaction flux (stationary).

excitation (field) flux.
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vector of phase flux linkages.

vector of flux linkages of the field winding and the d- and g-axis damper windings.

vector of armature flux linkages in the rotor reference frame.
electromagnetic torque.

mechanical torque.

fundamental-frequency subtransient electromagnetic torque.
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d- and g-axis component of the electromagnetic torque.
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frequency bias factor.
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rotation matrix.
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droop of the total system generation characteristic.
transformation ratio.
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AC alternating current

ACE area control error

AGC automatic generation control

AGSS automatic generation shedding scheme
ANN artificial neural network

AR autoregressive

ARMAX autoregressive moving average with exogenous input model
ARX autoregressive with exogenous input model
AVR automatic voltage regulator

BESS battery energy storage system

BFP breaker failure protection

BIMP Bureau international des poids et mesures
BTA balanced truncation approximation
CCGT combined cycle gas turbine

CCPP combined-cycle power plant

CCT critical clearing time

CESA continental Europe synchronous area
CIM current injection model

Co1 center of inertia

CSC controlled series capacitor

CT current transformer

d-axis direct-axis of a generator

DC direct current

DFIG doubly-fed induction generator

DFIM doubly-fed induction machine

DSA dynamic security assessment

DSO distribution system operator

EHV extra high voltage

emf electromotive force

EMS energy management system

ENTSO-E European Network of Transmission System Operators for Electricity
EPS electric power system
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FRC fully rated converter

FRT fault ride through
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OPF
OST
PCC
PCS
PDC
PMU
POD
PSB
PSD
PSP
PSS

pu

generator-exciter-power system
governor valves

global positioning system

gate turn-off thyristor
horizontal-axis wind turbine

high pressure

heat-recovery boiler

heat-recovery steam generator

high voltage

high voltage direct current
high-voltage ride through

insulated gate bipolar transistor
integrated gate-commutated thyristor
inlet guide vanes

imaginary axis

intermediate pressure

intercept valves

short circuits: three-phase, two-phase-ground, two-phase, single-phase
load and frequency control

lower linear fractional transformation
low pressure

linear-quadratic estimator
linear-quadratic-Gaussian regulator with tracking loop based on integral element
linear-quadratic regulator

load tap changer

low-voltage ride through

mean annual wind speed

multiple inputs and multiple outputs
magnetomotive force

main emergency stop valves
overexcitation limiter

overload emergency state control
on-load tap changer

optimal power flow

out-of-step tripping

point of common coupling

power conditioning system

phasor data concentrator

phasor measurement unit

power oscillation damper

power swing blocking

power swing detection

pole-slip protection

power system stabilizer

per unit



