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Abstract

From a steady state point of view, FACTS devices operate by increasing or decreasing voltage, supplying or absorbing reactive
power, and controlling the impedance of a series of transmission lines or phase angles. There are two types of power fluctuation
damping controllers in power systems: power system stabilization (PSS) and FACTS POD controllers. The planning and
operation condition of electrical power systems are changing due to a variety of causes. Flexible ac transmission
system (FACTS) controller helps in raising dynamic stability limit and provide better power flow control. Static synchronous
series compensator (SSSC) is one of the important members of series FACTS controller, which consists of a solid-state voltage
source inverter coupled with a transformer that is connected in series with a transmission line. In this paper is presented the
effect of SSSC for damping power system oscillation. The complete digital simulation is performed in the Matlab Simulink

environment.
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1. Introduction

From the steady-state point of view, FACTS
devices operate by increasing or reducing voltage,
supplying or absorbing reactive power and contro-
lling the series impedance of transmission lines or
phase angle [1,2]. FACTS controller can be classif-
ied in four main categories [3,4]: shunt controller,
series controller, series-series controller and series-
shunt controller [5,6]. A systematic classification of
the FACTS devices is presented in Fig. 1 [7].

In recent years, flexible ac transmission system
(FACTS) devices equipped with a power oscillation
damper (POD) have been also efficiently used for
damping oscillations of power system [8,9]. Gene-
rally, there are two kinds of power oscillation dam-
ping controllers in power systems: power system
stabilizer (PSS) [10,11] and FACTS POD controll-
ers [12,13].

A method for designing of PSS based on slidi-
ng mode control technique is presented in [14],
which the control objective is to enhance stability
and improve the dynamic response of the multi-
machine power system and, also, the main approach

is to focus on the control performance which later is
proven to have the degree of shorter reaching time
and lower spike.

Interaction analysis also provides a practical
tool for quantifying and simultaneously evaluating
the relative effect of both PSS and FDS on damping
of rotor oscillation modes, which examines the
interactions between stabilizers in multi-machine
power systems in [15] has been. Interactions may in-
crease or decrease the damping of some rotor
oscillation modes.

An investigation of low-frequency oscillation
and damping of stochastic solar power integrated
power system by a UPFC-based dual optimal cont-
roller is presented in [16], which gains are optimised
by a novel hybrid PSO and improved grey wolf
optimiser.

Simultaneous design method of STATCOM
controller parameters and PSS in multi-machine
power system has been developed in [17], in which
the bee colony colony algorithm has been used to
search for optimal controller parameters.
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Fig. 1. Classification of the FACTS controller

The implement coordination of multi-type
FACTS such as UPFC, SSSC and thyristor
controlled series compensator (TCSC) for available
transfer capability enhancement are study in [18],
which a hybrid real power flow performance index
and particle swarm optimisation (PSO) are used.

To adjust the parameters of FACTS devices,
genetic algorithm and particle swarm optimization
algorithm using fuzzy logic techniques have been
used in [19], which are two types of FACTS devices.
TCSC and Static Compensator (SVC) are used to
optimize reactive power consumption and reduce
line congestion.

The distributed SSC capability is used to
reduce simultaneous resonance in [20], in which two
conventional damping control controllers are desig-
ned and implemented in the traditional SSC distri-
bution controller to provide effective damping.

An important member of the FACTS family is
the static synchronous compensator (SSSC) [21,22],
which has the ability to provide reactive power
compensation in the power system. There are
various uses for this compensator, such as power
fluctuation damping [23,24] and improved stability
in the power system [25].

The linear quadratic Gaussian (LQG) method
has been used to design a powerful TCSC controller
to increase the damping of power system fluctua-
tions in [26], which the problems of using ring
transfer recovery method to store LQG damping
control resistor are investigated.

An implementation related to a new damping
control algorithm for a STATCOM in a series offset
wind farm to reduce SSR and damping power
system fluctuations is mentioned in [27], that based
on a nonlinear optimization design method, the
auxiliary sub-synchronous damping control loop is
intended for STATCOM to respond to damping
torque in the critical torsional frequency range.

A control scheme for reducing low frequency
fluctuations and voltage deviations of a multi-
machine power system has been developed using a
static synchronous compensator based on ant colony
optimization [28], in which the control scheme
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consists of two different proportional integral contr-
ollers. To control the gate signal in the SSC as well
as the time domain results of the rotor dynamics and
the deviation in the generator voltage for different
test cases, the proposed controller potential shows a
general reduction in power system fluctuations.

The results of improving the stability and
current control of a DFIG-based offshore wind farm
shown using the SSSC in [29], in which the
oscillation damping controller is designed using
modal control theory.

An adaptive fuzzy neural inference system
based on the POD controller is proposed for low
frequency oscillations induced by induction motors
in ac/dc composite microgrids in [30], which the
complementary POD controller is built into the
energy storage system controller, which provides
additional damping power commensurate with
frequency deviation.

The stability issues of a wind farm based on a
variable wind speed induction generator with
variable wind speed in a strong and weak power
system have been investigated in [31] in which the
effect of PSS and SSSC on the stability of wind
energy system, considering IEEE 14 bus test system
is analysed.

The SSSC is an important device to control
transmission line impedance, and so to power flow
control independent of the line current. In this paper,
the application of SSSC in damping power system
oscillation is investigated. Matlab Simulink softw-
are package is used for the simulations.

2. Static synchronous series compensator

SSSC is a series connected FACTS devices
which can be installed in series in the transmission
lines. It is very effective in controlling power flow
in a transmission line with the capability to change
its reactance characteristic from capacitive to ind-
uctive [32].

When the SSSC operates in induction mode,
the injected voltage directs the line current and thus
the reactive power is absorbed. In the capacitive
state, the injected voltage lags behind the line
current and therefore reactive power is injected into
the transmission line. As shown in Fig. 2, the SSSC
injects an AC voltage into the transmission line via

a transformer.
U U,
b4 X,

Fig. 2. SSSC in power system
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U1 and U2 are the bus voltages and Udc is the
dc voltage source. X1 represents the equivalent
reactance between the bus 1 and the SSSC, and X2
represents the equivalent reactance between SSSC
and the bus 2. The converter voltage is varied by
changing the M is the amplitude modulation ratio
and ¢ is the phase angle modulation ratio. A
capacitor connected on the dc side of the VSC acts
as a dc voltage source. The SSSC output voltage is
defined by the following equation [33]:

Ug =MUgc(cosg+ jsing) (1)

The differential equation of the dc voltage is
given below:
dUy,
dt

M
= ——(igcos@ + igsing) )
Cdc

where id and iq are the d and g axes currents of
transmission line. The structure of SSSC-based
controller is shown in Fig. 3. The input signal of the
proposed controller is the rotor angle deviation (Ad)
and the output signal is the injected voltage Vs. The
structure consists of a gain block with gain KP, a
signal washout block with the time constant TW and
two-stage phase compensation blocks.

A Kys 1+ T8 1+Tips Vax v
1+Tws 1+Tys 1+Tps Vi
block washout L — limiter

block two-sage
Lead-Lag block

Fig. 3.  Structure of SSSC-based controller
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3. System under study

The simulation bock diagram of the power
system with a SSSC in Matlab/Simulink envir-
onment is shown in Fig. 4. The parameter of the
power system is listed in table 1.

The power grid consists of two power
substations and a major load center on the B3 bus.
To model the load center, a dynamic load model is
used in which the active and reactive power
absorbed by the load is a function of the system
voltage. The L2 line is divided into two parts to
simulate a three-phase fault at the midpoint of the
line.

Table.1.
System Parameters
Components Value
SSSC Sh=100 MVA, Ug=40 KV
Cdc=375 pF, X¢=0.16 pu
power generation substation 6x350 MW
(M)
power generation substation 4x350 MW
(M2)
load center 2200 MW
line Ly 280 Km
line L, 300 Km
line L 50 Km
POD Kp=0.08, Tw=1s, Kw=1,
Te1=1s, Tp=0.1S, Vismin=-
0.1, Vgmax=0.1

B1
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e—s|B -g- b
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= ]
Pref1 Reg_M1 2100 MVA 2100 MVA l I

M1 13.8KkV/500KV  [<mo
% 250 MW

[Vabc_B2 Vabe yqor

Bypass [2 % = & &

et
.

L2-1
(150 km)

100-MVA
sssc

labc £
A
—= @'s' il — {§|
POD Controller ’J-m e
Three-Phase Fault
Step Varef B2 B4
Double click g | rin varef () <mo
to see SSSC operation ‘:l 1 100 MW
with and without POD p B2 P=B2MW) I
Signals Scope1 L1 L2-2
& Scopes (280 km) (150 km)
L _] L3_50km

m Pm |——»{ P A 2

B b

ot vil— v o3

Praf2 Reg_M2 1400 MVA 1400 MVA B3
M2 13.8 kV/500 kV N
° @m
<mo c
50 MW
Three-Phase

Dynamic Load

Fig. 4.  Simulation block diagram of the power system with a SSSC in Matlab/Simulink
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reactive power at bus

Figures 5 and 6 show the active power and
reactive power measured in the bus. As can be seen,
when the SSSC is bypassed, the current flows to the
main load: 664 MW on L1, 563 MW on L2 and 990
MW on L3.

There are measured at bus B2, B4 and B3,
respectively. The SSSC, located at bus B1, is in
series with line L1. It has the ability to inject up to
10% of the system nominal voltage. A POD
controller whose output is connected to the SSSC
Ug input normally regulates the SSSC injected
voltage reference. The POD controller inputs are the Fig. 6.  Reactive power is measured on buses
bus voltage at B2 and the current at L1.

active power flow in line 1

4. Simulation Results

The input of the POD controller (reference
voltage Uq) is zero. Att=2s, Uq is equal to 0.08 pu
(inductive SSSC) and att = 6 s, Uq is equal to 0.08
pu (capacitive SSSC).

Active current in line L1, measured in bus B2,
is shown in fig. 7. Depending on the voltage
injected, the current in the line varies from 575 to
750 MW. A comparison of SSSC performance with o+ & s & & Te 7 & 5w
and without POD control is shown in fig. 8. ) . - .

Previously, SSSC with POD controller was a Fig. 7. Active power gﬁgvvl\,?t::gﬁtlpgrgre e
very effective tool to reduce power fluctuations. The
active output power of machine M1 for the two
items is shown in the figs. 9 and 10. Also the rotation
speed is shown in the fig. 11 and 12, and the
excitation sound is shown in the figs. 13 and 14 for
two M1 devices.

Power on line L1

uuuuuu

5. Conclusion
With the expansion of the modern power PRI
system, damping oscillations play an important role f
in the power system. This paper presents the effect — ;

time (s)

of SSSC for power system oscillation damping. This
study was performed in Matlab using Simulink and
PSB toolboxes. The simulation results show that the
SSSC controller is very efficient in damping power
fluctuations.

Fig. 8.  Power flow in line 1 where SSSC without POD

active power at bus

oA
S \|\// \\“,"\ P

Fig. 9.  Output active power without POD

Fig. 5.  Active power is measured on buses
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Fig. 10. Output active power without POD

B 7 s s 10

time (s

Fig. 11. Rotor speed without POD

o 1 2 3 a s B 7 8 B 10
time (s)

Fig. 12. Rotor speed without POD

axcitaion voltage (pu]

a

Fig. 13. Excitaion voltage without POD
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Fig. 14. Excitation voltage with POD
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