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Abstract - The static var compensator is now mature
technology that is widely used for transmission
applications. Electric utility industry standardization of basic models is needed, and is recommended
in this paper. Description and model requirements
for more detailed representations, including supplementary function modules, are included. In addition
to transient stability program modeling, requirements for power flow and longer-term dynamics p r e
grams are given.

sometimes the tertiary of a n autotransformer is

used.

Thyristor-controlled reactors (TCRs) connected
to medium voltage bus.
Thyristor-switched reactors (TSRs) connected to
medium voltage bus.
Thyristor-switched capacitors (TSCs)connected
to the medium voltage bus.
Saturated reactor (SR)connected to the medium
voltage bus (not covered in this report).
lntroductlon
Fixed capacitors (FC).
Static var systems are applied by utilities in transHarmonic filters connected to the medium volt
mission applications for several purposes. The
age bus. At fundamental frequency, the filters
primary purpose is usually rapid control of voltage
are capacitive.
at weak points in a network. Installations may be
Mechanically-switched capacitors (MSCs) or
the midpoint of transmission interconnections or in
reactors (MSRs), usually connected at a high
load areas. Worldwide, there is a steady increase in
voltage bus.
the number of installations.
Control system, usually with a primary function
CIGRE defines a static var system (SVS)as a combiof regulating the transmission voltage.
nation of a static var compensator (SVC) and This paper describes fundamental frequency, posimechanically switched capacitors and reactors, all tive phase sequence models for power flow programs
under coordinated control [11.Most of this paper per- and dynamic programs (eigenvalue, transient stabiltains to the modeling of static var compensators.
ity, and longer term dynamics). Generator stator and
network elements are modeled in the sinusoidal
Components of a static var system may include:
steady state. These programs are used to study rotor
Transformer between high voltage (HV) network angle stability and voltage stability. Specifically
bus and the medium voltage (MV) bus where excluded are electromagnetic transient (EMTP or
power electronic equipment is connected. TNA) type models requiring bandwidths exceeding 5
Usually a dedicated transformer is used, but Hertz.Also excluded are open-loop control methods
sometimes used in industrial and distribution neb
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CIGRE has described models for static var compensators [1,21.Since these models were published,
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system. In the active control range, currenvsuscep-

additional experience with the design and application of static compensators has accumulated. In
particular, the standard use of microprocessor
controllers results in additional flexibility and new
functions.

tance and reactive power is varied to regulate voltage according to a slope (droop) characteristic. The
slope value depends on the desired voltage regulation, the desired sharing of reactive power production between various sources, and other needs of the
system. The slope is typically 14%. At the capacitive limit, the SVC becomes a shunt capacitor. At the
inductive limit, the SVC becomes a shunt reactor
(the current or reactive power may also be limited).

The recent challenge of longer-term dynamics
related to voltage stability requires coordinated
control of SVCs, MSCs, LTC transformers, and
generator voltage regulators. Fastracting SVCs can
provide a "pilot" for control of slower devices.

The response shown by the dynamic characteristic is
very fast (few cycles) and is the response normally
represented in transient stability simulation.

industry Needs

Models need to be standardized to the extent possible. Basic standard models need to be defined, along
with data exchange parameters. The goals of this

Some SVCs have a susceptandcumentactive
power regulator to slowly return the SVC to a
desired steady-state operating point. This prevents
the SVC from drifting towards its limits during normal operating conditions, preserving control margin
for fast reaction during disturbances. During normal
operation, voltage is not regulated unless the voltage
exceeds a deadband determined by the limits on the
output of the susceptance regulator (Figure 2). The
susceptance regulator is discussed later in the paper
(see Figure lo).

paper are:
1. To promote better modeling of static var systems
by programmers and users, and
2. To facilitate data exchange among different computer programs for large-scale simulation.
Basic Description of Static Var Systems
Figure 1is a oneline diagram of a typical static var
system for transmission application. One TCR and
two TSCs are assumed, along with a MSC. T h e TCR
reactive power rating is typically slightly larger than
the discrete TSC and MSC blocks-this allows continuous (smooth) control over the entire SVS rating.
The harmonic filters are capacitive a t fundamental
frequency, supplying reactive power of 10-30 percent
of the TCR rating 131.
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Fig. 2. SVC static characteristics at high voltage
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Fig. 1.Typical static var system. The MSCs could be
located at the M V bus, or remotely located.
Figure 2 show the steady-state and dynamic volt;
ag-urrent
characteristics of the SVC portion of the
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Power Flow Models
Most power flow programs do not include a specific
static var compensator model. SVCs are often
modeled a s a conventional PV (generator) bus with
reactive power limits. "his results in large errors if
the SVC is on limit, operating as a capacitor or reactor. If low voltage is the main concern, the SVC can
be modeled as a TCR-FC type of SVC (PV bus with
shunt capacitor). For example, for low voltage problems, a f200 MVAr SVC can be represented as a 200
MvAr capacitor bank, and a W bus with 400 MVAr
inductive limit and zero capacitive limit; the capacitive limit is correctly represented but not the inductive limit.

. ..

...

With a conventional power flow program, a SVC
with susoeptance regulator can be represented by a
PQ (load) bus with voltage constraints.
Often the SVC slope setting must be represented to
properly simulate system performance. Coordination
and interaction with other W C s and slower-acting
voltage control equipment are studied. Power flow
simulation is the primary tool for determining
appropriate slope settings. Representation of the
slope is essential in the case of weak systems.
Because SVCs are sited at critical locations in the
network, and because of the regulation of transmission (high side) voltage, representation of SVC slope
is usually more important than representation of
generator AVR slope.
Should the SVC transformer be represented in
power flow and dynamic simulation programs? With
ever increasing computer hardware capabilities, and
considering the small number of SVCs in a power
system, more detailed representation is clearly
feasible. Particularly after an SVC has been commissioned or defined, modeling the transformer has
benefits such as better representation of losses (real
and reactive). The planning or operating engineer
will be closer to the real world. Representing transformers is consistent with generator modeling. Fixed
or switched capacitor banks are represented a t the
correct bus.
For tertiary-connected SVCs, the transformer representation is required. The real power flow through
the transformer a s well a s the SVC voltage regulation must be modelled correctly.
If the SVC coupling transformer is explicitly represented, the SVC model (steady state or dynamic)
must be adjusted so the correct range of reactive
power is delivered to the high voltage bus. Most
models and data sets presently used are based on
susceptancdcurrentactive power limits at the
high voltage bus. Appendix A describes the required
calculations.

Models using conventional power flow programs. With a conventional power flow program,
the slope is represented by connecting the SVC to an
auxiliary or phantom bus separated from the SVC
high voltage bus by a reactance equal (on the SVC
base) to the per unit slope [l]. The auxiliary bus is
then the W bus. If the SVC transformer is represented, the reactance from the high voltage bus to
the auxiliary bus is a portion of the transformer
leakage reactance; the medium voltage bus is a W
bus with regulation of the auxiliary bus.
Figure 3 shows the concepts of modeling SVC slope
using a n auxiliary bus.
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Fig. 3. SVC models with slope representation using
conventional power flow W busses. Figure 3b
includes the SVC transformer. (Models are not recommended for advanced power flow programs.)

Requirements for recommended power flow
models. An accurate model can be implemented in a
power flow program in several ways 111. The method
used will depend on the structure of a power flow
program, particularly whether control devices are
included in the Jacobian matrix. For continuously
controlled SVCs (TCRFC, TCR-TSC, TCRMSC),
explicit representation of the individual components
is not necessary.
Within the control range, the slope should be
modeled. Outside the control range, the appropriate
susceptance should be represented. The model
should interface cleanly with companion dynamics
programs. The user should specify the desired slope
(per unit on SVC base), control range, and setpoints
without being required to add an auxiliary bus and
fictitious reactance.
Several SVCs comprising discretely switched TSC
and TSR units have been commissioned. For example, reference 4 describes the large SVC a t Kemps
Creek, Australia. The SVC consists of two 100 M V h
TSRs, two 50 MVAr TSCs, and two 100 MVAr TSCs.
The +300/-200MVAr SVC is controlled in ten steps
of 50 MVAr each according to droop and hysteresis
characteristics. Comprehensive power flow programs require discontinuous models for TSCPTSR
compensators similar to models for continuous compensators.
In voltage regulation mode, the steady state reactive
power output of static compensators depends on the
voltage setpoint and the droop setting 151. In power
flow base cases, a specified SVC reactive power output may be desired. This provides dynamic reserve
and minimizes SVC losses. Power flow models
should have provision for reactive power regulation
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mode, with switchover to voltage regulation mode if
voltage is outside a specified bandwidth. See Figure
2.
For outage (post-disturbance) power flow cases,
static var systems will respond differently at different snapshots in time. Within a few cycles following
a disturbance, SVCs in voltage control will respond
according to slope settings with possible large
increase in reactive power output. Over tens of
seconds or minutes, however, the strategy may be to
return to a setpoint (subject to voltage constraints)
to allow coordination with slower generator voltage
regulators, MSCs, and LTC transformers. Reference
6 describes one implementation. Also, SVCs may initiate switching of MSCs or MSRs.
The power flow program SVS model should have sufficient flexibility to allow the engineer to accurately
represent the equipment a t various snapshots in
time. Utilities use power flow simulation for extensive studies of coordination of SVC setpoint and
slope settings, and MSC voltage control settings [7103.

Data exchange for power frow studies. Data
exchange parameters for basic models are capacitive
and inductive reactive power range a t one per unit
high side bus voltage, voltage setpoint, slope, high
side reactive power setpoint, and voltage deadband
for reactive power control mode. Slope should be in
per unit on the specified SVC base.
Data exchange parameters for SVSs represented in
more detail at the medium voltage bus, include standard transformer data and the high voltage MSCs or
MSRs to be controlled. Reactive power range a t one
per unit medium voltage bus is required.
Basic Nonlinear Models for Dynamic Performance
The references provide descriptions of dynamic characteristics of static var systems. Two basic models
for transient stability programs are recommended as
industry standard models. The models are based on
the CIGRE models 111 and the other references,
especially reference 6. Models used in several production-grade programs have also been reviewed.
Individual modules of the basic models are building
blocks for detailed models. Model modules for other
functions are described in the following section.

Basic models. The structures of Basic Model 1and
Basic Model 2 are similar except for the method of
representing slope. The first model is the simplest
and is similar to models in most existing transient
stability programs. Both are suitable for continuously controlled SVCs. As described later, the models
can be modified to represent TSC/TSR types of compensators.

Fig. 4. Basic Model 1.The transfer functions for the
measuring circuit and the thyristor susceptance control are normally unity.
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Fig. 5. Basic Model 2. The transfer functions for the
measuring circuits and the thyristor susceptance
control are normally unity.
Figure 4 shows Basic Model 1.The voltage regulator
(Figure 7) is of the proportional type and the gain,
ICR,is the inverse of the slope-a gain of 100 pu
Bsvdpu AV on the SVC base means a 1%slope. This
model is often used for preliminary studies.
Figure 5 shows Basic Model 2. The voltage regulator
(Figure 8) is of the integral, or proportional plus
integral type and the slope, KsL, is realized through
current feedback. The gain and slope settings are
independent. In some equipment, current is
obtained by multiplication of voltage and susceptance [6,11].In other equipment, reactive power
rather than current is measured. Pure integral
control is most common. The time constant, T,
(0.01-0.05 seconds), is used by at least one manufacturer to improve SVC control stability. Basic Model 2
represents the physical structure of most, but not
all, installed SVCs.
The basic difference between the two models is in
the method of realizing the slope. Model 1 gives a
voltage to susceptance linear relation. Model 2 gives
a voltage to current linear relation. For voltage near
one per unit, and for the usual small values of slope,
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there is not much difference. Since both types of control are used, both models are included.

Measurement modules. The measurement modules convert three phase voltages and currents to a
quasi-dc control signal that is proportional to the
amplitude of the positive sequence and fundamental
frequency content of the measured variable. This is
done by instrument transformers, A/D conversion
and computation, and filtering. For fundamental
frequency simulation, the model is a single low pass
I
I
filter with a time constant of 1-8 milliseconds (Figure 6). The time constant depends on the actual fd- Fig. 8, Voltage regulator model for Basic Model 2.
ter used. If the network exhibits strong resonances
near fundamental frequency, more elaborate filters
can be required to maintain SVC control stability;
the low-frequency response of such filters should be
modeled if significant [35,361.
The measurement modules are included in Figure 4
and 5 for completeness. Because of the small time
constants, they are not considered part of basic
models. In most cases, the modules need not be r e p
resented and would not be compatible with the integration step sizes normally used in large-scale
simulations.
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Fig. 6. Measurement module. Voltage is transmission side voltage.

Voltage regulator nwdule-Basic Model 1. Figure 7 shows the model. The gain, KR, is the reciprocal of the slope setting. KR is usually between 20 per
unit (5%slope) and 100 per unit (1%slope) on the
SVC base. The time constant, TR, is usually
between 20 and 150 milliseconds. The lead-lag terms
are often zero. For preliminary simulations, phase
lead can be used to improve damping of oscillations
(at the expense of synchronizing support). The leadlag terms can also be used to provide adequate phase
and gain margins when high steady state gain is
used. Integrators should be non-windup.
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Fig. 7. Voltage regulator model for Basic Model 1.

Fig. 9. Thyristor susceptance control.

Voltage regulator module-Basic Model 2. Figure 8 shows the model. The proportional gain, if
used, results in a faster response. The time constant,
Tp,may be zero. The integrator is non-windup.
Thyristor susceptance control nwdule. Figure 9
shows the CIGRE model for the delays associated
with thyristor firing (references 12 and 13 provide
alternative models). T, is the gating transport delay
with a value of about one millisecond and Tb represents the effect of thyristor firing sequence control
with a value between three and six milliseconds.

This transfer function is included for completeness.
It is an approximate representation of the control
system and physical constraints at the moment
where valve firing is feasible. It illustrates that SVC
control has characteristics which, when combined
with variation in power system short circuit capacity, can lead to control instability.
Since the bandwidth of a stability program is limited, the thyristor susceptance control is normally
not represented.
The nonlinear relationship between B,, and the
TCR firing angle is compensated by a linearizing
function in the thyristor susceptance control
[1,11,24,27]. Since firing angle is not represented
explicitly in fundamental frequency models, the linearizing function is not represented explicitly.

TSC and TSR types of SVCs. The thyristor susceptance control module can be modified to represent
discontinuous switching of TSC and TSR types of
SVCs; models are given in references 2 and 29.
Referring to Figures 4 and 5, an alternative model
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for discontinuous switching is a deadzone in front of
the voltage regulator. The Working Group recommends this method.

Network interface module. The SVC interface
with the network can be by either of two methods.
The variable susceptance, B, can be used to update
the admittance matrix.Alternatively, B is multiplied
by voltage to obtain the SVC current. The SVC current is an injection into the network. The choice
depends on the network solution method.
Future GTO-based voltage source converter compensators [40] are modeled as a variable voltage without
inertia.

Relation between parameters in the two models. If we make some simplifications, correspondences can be derived between the two models. Let
T, = TI = T, = T p = Td = Tb = T, = Kp = 0,
then KR = 1/K, and TR = l/(KsLKI).
Data exchange for basic models. The minimum
data set includes:
1. Q , (inductive) in WAr at one per unit highside voltage. This defines €I&
This
,,.could be
available from power flow data.
2. Qmin (capacitive) in MvAr at one per unit highside voltage. This defines B.,
This could be
available from power flow data.
3. Base SVC M S ? . In some cases this is given by
the manufacturer as the TCR or TSC rating
rather than the total SVC rating. In the example
in the Appendix, the total TSC rating is used.
4. Voltage regulator parameters: For Basic Model
1:KR,TR,TI,
and T,.For Basic Model 2:KsL ,
K,,Kp, and Tp. Other parameters are only
required if the stability of the SVC control loop is
to be studied. These studies are normally made
with more complete models using EMTF', "NA,
or frequency domaideigenanalysis programs

[19,22,32,36,37,411.
Dynamic Models for other Functions

some installations, damping of oscillations is a major
purpose of the SVC. The concepts are similar to
power system stabilizer (PSS)at generating plants.
Early implementations followed the PSS method of
adding a continuous supplementary signal to the
voltage regulator input. This structure has also been
used on some recent installations [61. Damping may
be enabled only after identification of oscillations

[W.
Another approach is to add a discontinuous damping
signal to the voltage regulator output [1,14-181.Special logic is used to select the control mode. For
damping support following a large disturbance, the
voltage regulator output is frozen. The damping
action may be of the bang-bang type.
It's also possible to add a continuous signal for small
signal damping to the voltage regulator output [15].
Various local or remote input signals (with appropriate phase compensation) can be used for damping
(c.f. references 17, 19, and 38). Possibilities include
line power or current, bus frequency or voltage,
apparent resistance, and speed or frequency M e r ences from remote locations.
Referring to Figures 4 and 5, the two locations for
damping signals are indicated by the blocks labeled
other signals.
The basic model for continuous damping is similar to
PSS analog blocks. Compensation blocks are usually
of the non-windup type.

Susceptance (reactive power) regulator. Many
SVCs have a provision to regulate reactive power
subject to voltage constraints. Usually this is a slow,
integrating type of control that operates over tens of
seconds or minutes to return reactive power output
to a setpoint. This function should be modeled in
longer time frame voltage stability and voltage control studies including reactive power coordination
studies. The signal is an input to the voltage regulator. References 6 and 16 describe recent implementations.

Modular models for other functions can interface
with the basic models. Although some models may
not be included in simulation programs, the engineer should be aware of the functions. Some models
may be more important for EMTP-type simulations
than fundamental frequency simulations. Some
models are only required for longer-term dynamic
simulations. Functions for sub-synchronous resonance damping are outside the scope of this paper.
Some protective type functions are not described, as
they seldom need to be represented for fundamental
frequency dynamic simulation,

Control of MSCs, MSRs, and LTC transformers.
As part of a static var system, mechanically-switched
equipment are controlled.

Damping of electromechanical oscillations. In

An approach 1201 for transient stability application

Figure 10 shows the general structure and the susceptance regulator model. Susceptance is regulated
to a value Bmt. The susceptance regulator limits
provide the voltage deadband shown on Figure 2.
The output of the susceptance regulator is sometimes frozen for occurrence of a large disturbance in
order to allow full voltage control during system restoration.
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is to immediately switch available MSCs following
short circuit detection and use a TCR with overload
capability to regulate voltage. The MSCs are
switched off, as required, some ten seconds after
energization. This type of SVS can be modeled using
basic SVC models. Reference 21 describes another
implementation of MSC control to improve transient
stability.
Another application is switching of the proper number of MSCs or MSRs to return the SVC to near the
reactive power (susceptance) setpoint. Control is
based on SVC susceptance order or reactive power
output (Figures 10a and 1Oc). Following a disturbance, mechanical switching may be delayed seconds
or tens of seconds to allow for transmission line
reclosing and other control action. Switching would
typically occur before load restoration by LTC bulk
power delivery transformers or distribution voltage
regulators. Control for fast deenergization of MSCs
may be provided to prevent temporary overvoltage.
A SVC could also control tap changing on LTC transformers.

Unrlervoltage strategies. The control prevents
temporary overvoltage following clearing of short
circuits, particularly three phase short circuits. The
control is important in weak systems where the fault
results in load rejection. For voltage below a setpoint
(50-70% of normal), TSCs may be blocked. The
voltage regulator input may be frozen to prevent
integrator windup that would lead to high capacitive
output at fault clearing. There may be a delay in
TSC deblocking following voltage recovery above a
second setpoint. For one recent implementation 161,
TSC blocking is a t 0.60 per unit voltage with
deblocking after the voltage is above 0.68 per unit
for 30 milliseconds. Blocking TSCs may also be for
preventing of capacitor discharge leading to larger
reenergization transients 1161.

U
Measuring
circuit

Transmission
voltage
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susceptance

regulator

(a) General structure

(b) Susceptance regulator

equip.
control
logic

Tdfrom
capacitor
banks,
reactors,LTC
transformers

(c) Mechanical equipment switching

Fig. 10. Susceptance regulator and mechanical
equipment switching.

Examples of implemented undervoltage strategies
are provided in the references [6,11,16,22,231.

is limited after a short time delay

If a specific detailed model is not used, we recommend a simple default model. The approximate
model should freeze the input and output of the
voltage regulator whenever voltage drops below a
user-specified value or a default value. The SVC
should be released when voltage recovers above a
user-specified or default value for a user-specified or
default length of time. We suggest default values
similar to those described above 163.

In some designs (particularly in conjunction with
mechanically switched capacitor banks), the TCR
short-term overload capability is very important.
Reference 20 describes a n installation where the
thyristors are in partial conduction in normal operation, but go into full conduction to provide a much
higher ten second dynamic rating. Referring to
Figures 7 and 8, this can be represented by a time
varying value for Bdn.

Response for single-phase faults may not be correctly represented in typical stability programs.

Gain supervisor and gain optimizer. The allowable SVC gain is related to the system voltage
strength (short circuit capacity) at the SVC location.
SVC instability can occur if the system is weakened
by outages. The instability frequency is generally

TCR overcurrent limiter and overbad. For high
voltage, as in load rejection situations, the TCR current is limited as indicated on Figure 2. The current
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above the bandwidth of transient stability simulations.

ing of devices during fault conditions (extreme
undervoltage).

Many SVCs have controls to detect oscillations and
adjust voltage regulator gains or time constants for
stable performance. The need may be due to requirements for fast response during various system conditions. Following automatic gain reduction, gain can
be automatically slowly increased to an optimal safe
value. The SVC itself can probe the power system
and monitor response to reactive power steps or
pulses.

User-defined modeling capabilities for TSCR'SR
type compensators may be suitable for MSC/MSR
modeling.

References 4 and 13 describe these controls.
It's generally not practical nor necessary to model
these controls in stability programs. The proper
value of gain is, however, important. The engineer
must insure the SVC parameters and response are
appropriate for the conditions studied.
In some studies it is necessary to vary the gain as a
function of time. The values of gain is determined by
complementary EMTP or TNA eimulations in which
the gain supervisor control is properly modeled.
Small-Disturbance Program Models

Guldellnes for Prellmlnary Studles
Static var compensators have minimal time lags.
Compared to generator voltage regulators and power
system stabilizers (especially with rotating exciters),
the tuning of SVCs is simple, and phase compensation blocks are seldom needed for fundamental
frequency voltage regulation.
In exploratory power flow and stability simulations,
SVCs may be modeled with wide limits to determine
approximate reactive power ratings.

For preliminary simulation studies, Basic Model 1
may be used.The gain (slope) and time constant settings depend on the system short circuit capacity or
effective short circuit ratio. A longer time constant,
TR,is required for weak systems. The effect of the
simulated disturbances in weakening the system is
important.

For small-disturbance or eigenvalue studies, the In the absence of calculations, a gain ofKR = 33.3
above models can be linearized. References 24,38, per unit on the W C base and a time constant of
and 39 provide examples of small signal stability TR = 100 milliseconds may be used for a moderanalysis using linearized SVC models.
ately strong system. All other time constants may be
neglected. The gain corresponds to a 3% slope. Line
Special consideration is needed for discontinuous
outage disturbances may be simulated, and the time
type SVCs (TSCs and TSRs). One approach is to run
constant adjusted to provide a fast, well-damped
simulation with the SVC at fixed output (TSC or
SVC response. Slope values in the range 1 4 % could
TSR within deadband), and run a second simulation
be used.
assuming continuous control.
A rough evaluation of the SVC control loop stability
Stand-alone MSC and MSR Models
margin and of the SVC response time can be made
by
using all the parameters presented earlier in the
Although not part of SVSs, simulation programs
should have the capability to represent stand-alone paper (KR, TB, T, , T,,and Tb) and by simulating
voltage controlled breaker switched shunt capacitor the network reaction by its equivalent system
banks and shunt reactors. The model should consist impedance 2, (inverse of shortcircuit power in per
of undervoltage and overvoltage relays, timers, logic, unit on W C base). For small variation around one
, x A B E1,251. Appendix B
and circuit breaker delay. The voltage relay models per unit, AVmrn = 2
shows
results
for
sixteen
combinations of KR, TR,
should include both instantaneous and integrating
and 2,.
(induction disc or digital accumulator) types.
Sequential insertion of multiple shunt banks a t a
bus should be possible, with different delays for the
sequential switching. This is necessary to prevent
faulbinduced insertion of excessive capacitance, yet
allow rapid sequential insertion of capacitors following an appropriate initial delay. Means should ale0
be provided to permit simultaneous switching of two
or more shunt banks if a certain voltage threshold is
crossed. "his permits the response to be proportional
to the magnitude of the disturbance.
Like SVCs, provision should exist to inhibit switch-

Another approach is to set the desired gaidslope
and aGust the time constants by frequency domain
calculations [NI.
Using Basic Model 2, set the desired slope, KsL.
Then adjust the integral gain, K,,for a fast, welldamped response. See the section uRelationbetween
parameters in the two models."
The worst situation for SVC control stability is a
weak system (i.e., 2, high). The stability margin
and SVC response should be checked for the weakest

~
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network condition. If a very fast response L desired,
the settings should be checked by an E m , “A, or
frequency domain study using more detailed models.
References 19 and 41 illustrate how SVC dynamic
behavior changes with control setting, SVC operating point, and network conditions.
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Appendlx A: Conversion of SVC ratlng between prlmary and secondary sldes of SVC transformer

A SVC is typically connected to the power system
with a coupling transformer.
The reactive power range (capacitive and inductive)
for the SVC is usually specified at the high voltage
bus of the SVC transformer. For most SVC controls,
the controlled output is the susceptance, B, measured on the high voltage bus.
SVC models in most stability programs do not have
the SVC transformer imbedded as part of the SVC
model. The operating range of reactive power or susceptance of the model is specified (and controlled) at
the bus to which the SVC is connected.
If the SVC transformer is represented externally to
the SVC model, it is necessary to convert the SVC
operating range given on the high voltage side of the
SVC transformer to the medium voltage side where
the SVC is modeled. The effect of the reactance of
the SVC transformer must be accounted for so the
correct range of reactive power is delivered to the
high voltage bus.

To be strictly correct, if the SVC transformer is modeled external to the SVC model, the parameters for
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the voltage regulator gain, which are given for the
high voltage side, will also need to be adjusted for
the medium voltage side where the SVC is modeled.
If the same gain parameters given on the high volb
age side are used on the medium voltage side, the
rate of response for capacitive output will be faster
than it should be, but that for the inductive output
will be slower. For most stability studies, however,
such errors in the response rate will not be critical.
The following equations give the susceptance range,
in Per unit, On the
bus, based On
parameters given on the high voltage bus.

B,

1

=

(capacitive)

Appemdlx B: Simpllfbd evaluation of SVC control
loop stability and SVC response tlme

This appendix provides preliminary guidance on
SVC tuning related to system fundamental fiequency thhvenin impedance, 2, (inverse of short
circuit power on the SVC base). If a very fast
responseis desired, it is very important that the settings be checked by EMTP or TNA simulation using
more detailed models that represent network resonances 1193.
Based on FigUtes 1,6, 7, and 9, Figure B1 shows the
block diagram for simplified simulation of SVC control loop stability and SVC response time. The small
time constants and time delay are for response simulation above the electromechanical stability bandwidth.

i

AV,,

= AB

where:

S,

Td = 0.0014
Tb = 0.00417

MVAbase

Xb,, Reactance of SVC transformer in per

I

unit on S, base

QaP

Maximum capacitive reactive power on
high voltage side bus

Qa

Maximum inductive reactive power on
high voltage side bus

Exumple. The reactive power range specified for a
SVC connected to a 23O-kV bus is 350 M'Vh -pa&
tive and 300 M V k inductive at one per unit voltage.
The SVC transformer (230/20-kV)has a reactance of
On a 300 IWA base. The suscePbnce ranges for
the SVC model connected tO the 20-kV bus are CalCUlated as follows.
Select 350 MVA as the power base. Hence, S, = 350
MVA, Xtpu = 0.14 pu, Qcap = -350 MVk, and
Qind = 300 Wk.
Then:
Bum, =

1

13501tl0.141

= 0.8772 pu (capacitive)

350

1

B,,

=

I

350
300

= -0.9740 pu (inductive).

The susceptance values correspond to 20-kV power
ratings of 307 MVAr capacitive and 341 MVAr inductive.

AVr&=

K~
+

(step input)

KR

Fig* B1*SimUhtion block diagram.
Figures B 2 4 5 show step response for
combinations of thhvenin impedance, svc gain, and
SVC time constant. Based on the final value thmrem, the step input for each case is such that unity
steady state susceptance output change is obtained
with stable settings.
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