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Abstract: The characteristics of FACTS controllers such as Fixed Capacitor- Thyristor Controlled Reactor
(FC-TCR) Thynistor Controlled Voltage Regulator (TCVR) and Unified Power Flow Controller (UPFC) used for
reactive power compensation in a transmission network are analyzed and the operation and simulation results
are presented in this stduy. The control strategy for Real and Reactive powers of the transmission line using
FC-TCR and UPFC and the voltage regulation using TCVR are described. In case of FC-TCR, the control is
achieved by controlling the current through the TC reactor by varying the phase of the thyristor switch In
TCVR system, the power flow m the line 15 controlled by voltage regulation method. Thus, by voltage boosting
in the transmission line, the power flow in the line is increased. This method uses thyristor based control and
thus overcomes the difficulties of a conventional type on-load tap changer. The control in case of UPFC is
obtained by replacing the traditional UPFC consisting of shunt converter and series converter with a current
source and a voltage source model. The reactive power supplied to the load can be increased by increasing the
magnitude of shunt current. The power factor can be increased by increasing the angle of injected voltage. The
circuit models of FC-TCR, TCVR and UPFC systems are developed and the respective systems are simulated
successfully using these models. The sunulation results are presented to demonstrate the performance of the
controllers
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INTRODUCTION

Rising energy costs and greater sensitivity to
environmental impact of new transmission
necessitated new controllers to mimmize losses and
maximize the stable power-transmission capacity of
existing lmes. FACTS technology opens up new
opportunities for controlling power and enhancing
usable capacity of the existing lines. FACTS technology
15 one that mcorporates power-electronics based and
other static controllers to enhance controllability and
increase power transfer capability. In most of the AC
systems the load sharing while transmittmg power is
entirely governed by the line impedance. In this context,
the high power switching devices applied at the
transmission level is bringing utilities new opportunities
as well as new challenges for controlling the main
parameters related to power flow and voltage control.
Relative importances of controllable parameters are:

lines

+ Control of the line impedance X can provide powerful
means of current control.

¢+ When the angle is not large, which is often the case,
control of X or angle substantially provides the
control of active power.

» Control of angle, which in turn controls the driving
voltage, provides a powerful means of controlling the
current flow and hence active power flow when the
angle is not large.

¢ Injecting a voltage in series with the line and with any
phase angle with respect to the driving voltage can
control the magmitude and the phase of the line
current.

¢+ When the angle
magnitude of one or the other line voltages can be a

is not large, controlling the
very cost-effective means for the control of reactive
power flow through the interconnection.

» Combination of the line impedance control with a
series controller and voltage regulation with a shunt
controller can provide a cost-effective means to
control both the active and reactive power flow
between the two systems.

An alternative approach to the conventional on load
tap change voltage control was described by Arrillaga
and Duke (1980). The UPFC control and analysis was
described by Fugit and Watanaba (1999). Gutierrez ef al.
(2002) has explamed the power-quality improvement
by control of reactive power using FC-TCR Circuits. The
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basic concept of Unified Power Flow Controller for
Flexible AC Transmission Systems was proposed by
Gyungy1 (1992).

Fixed Capacitor Thynstor Controlled Reactor
(FC-TCR) is a type of Static Var Compensator (SVC) as
explained by Jen et al (1996) presents a mathematical
model for computer simulation and control of SVC to
achieve system balance. UPFC wluch consists of a series
and a shunt converter connected by a common de link
capacitor can simultaneously perform the function of
transmission line real/reactive power flow control. A new
type of real and reactive power flow controller for a UPFC
was proposed by Kannan et al. (2004). The development
of a control scheme for the series injected voltage of the
UPFC to damp the power oscillations and improve
transient stability m a power system was presented
by padivar and Uma (1999). A new kind of FC-TCR
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Controller based on multiprocessor and digital phase
shifters is designed and implemented by Renjie et al.
(2004).

The objective of this work 1s to simulate the FACTS
controllers using PSPICE and MATLAB and study its
characteristics.

MODELING AND SIMULATION OF
BASIC TRANSMISSION LINE

The basic transmission line model for 11KV 1s shown
mFig 1.

In Fig.1, scope is used to view both the line current
and source voltage. The real power and reactive power in
the load 15 measured using the Active and Reactive Power
measurement block. The Real power and the Reactive
Powers measured in the load are 0.23MW and 1.12MVAR

Reactive power

Fig. 1: Simulation circuit of basic transmission line
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Fig. 2: Real and reactive powers
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as shown in Fig. 2. This power flow is obtained without
any compensation. By mntroducing FACTS Controllers in
the transmission line, the power flow can be increased.

FIXED CAPACITOR THYRISTOR
CONTROLLED REACTOR

The Fixed Capacitor Thyristor-Controlled Reactor (FC-
TCR) is a var generator arrangement using a fixed
(permanently comnected) capacitance with a thyristor
controlled reactor. The model of FC-TCR with the line
voltage of 11KV 1s shown m Fig. 3. From the Table 1, it
can be inferred that for increase in the value of
capacitance, there 1s increase in the real as well as reactive
power. From the Table 2, it is seen that, the current
through the TCR varies from maximum to zero as the firmng
angle is increased. Also, the real power and reactive
power increases for increase in the firing angle.

The current through the TCR is shown in Fig. 4. The
real and reactive powers measured in the load for a typical
value of firing angle ¢« = 144° and Capacitance, C = 200
pF 15 also shown m the same figure.

THYRISTOR CONTROLLED
VOLTAGE REGULATOR

This arrangement can give continuous voltage

magnitude control by imtiating the onset of thymstor
valve conduction. The voltage obtainable at the upper tap

L2
—

and lower tap are V, and V, respectively. The gating of
the thyristor valves is controlled by the delay angle «,
with respect to the voltage zero crossing of these
voltages.

Table 1: Variation in Real Power and Reactive Power for different values of
Capacitance with o =108

8. No Capacitance (UF)  Real power (MW)  Reactive power (MVAR)
1 200 0.42 2.0
2 300 0.60 2.8
3 400 1.00 4.6
4 500 1.20 5.0

Table 2: Variation of TCR current and power for ditferent firing angles

Firing angle  Current through  Real power Reactive
5.No  (deg) TCR (A) (MW) power (MVAR)
1 108 284 0.42 2.00
2 126 210 0.49 2.30
3 144 130 0.54 2.50
4 162 55 0.58 2.65
5 176 10 0.59 2.70
4] 180 0 0.6 2.74

Table 3: Variation of reactive power for different firing angles
Firing angle (deg)

Lower tap Upper tap
S, Sy S, S4
Reactive power
5. No o o o oy (MVAR)
1 0 180 90 270 1100
2 0 180 126 306 1000
3 0 180 162 342 950
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Fig. 3: Sunulation circuit of FC-TCR

842



J. Eng. Applied Sci., 2 (5): 840-845, 2007

0 001 002 003 004 005 006 007 008 009 0.1
x 10° Time (Sec)

¢ 001 002 003 004 005 0.06 0.07 0.08 0.09 0.
Time (Sec)

i o

¥ 1 1 T T ¥ T 1 T 1
¢ 001 002 003 004 005 006 0.07 008 009 0.1
Time (Sec)

Fig. 4: Current through ter, real and reactive powers

v+

Nev+

2RI

A
—_
(=}

TF = 1ns
PW=>5ms
PER =20ms
V1 =0V 2

o,

Fig. 5: Simulation circuit of TCVR

The circuit used for simulation is shown in Fig. 5. Table4: Variation of Reactive Power for different upper and lower tap
. . . . voltages as percentage of secondary voltage
Simulation was carried Qut using a 635 kV/1.32 kV three Upper tap voltae Lower tap voltage
phase transformer which is modeled using voltage (V) (as percentage of (V) (as percentage of  Reactive power
dependent voltage sources 5. No secondary voltage) secondary voltage) (MVAR)
P S : ) o 1 10 90 1130
Table 3 shows the Reactive power variation for 2 20 80 1000
different sets of firing angle. Table 4 shows the Reactive 3 40 80 230
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power variation for different upper tap and lower tap
voltages expressed as percentage of secondary voltages.
The ideal switches S, S,, S, and S, are triggered at ¢, ¢t,,
o, and o, respectively.

UNIFIED POWER FLOW CONTROLLER (UPFC)

The unified power flow controller is a second
generation FACTS device, which enables mdependent
control of active and reactive power. It 1s a multifunction
power flow controller with capabilities of termmal voltage
regulation, series line compensation and phase angle
regulation. This controller can be realized by using two
Voltage Source Converters (VSCs) employing GTOs. The
circuit model of UPFC system is shown in Fig. 7. Table 5
shows the variation of Real and Reactive powers by
injecting a series voltage of fixed magnitude 2kV at
different angles of injection from 0 to 360°. Table 6 shows
the improvement in power factor obtained by mjecting a
series voltage of magnitude 2kV at three different angles
of imyjection- 0°, 50° and 90° for different magnitude of
shunt reactive current myjection. Fig. 8 shows the Real
Power, Reactive Power and the effective current fora

150KV
100KV 1
0V

=100KV 4

-150KV

typical value of shunt reactive current injection of 66.67A
(20% of the total current). Series voltage of magnitude 2V
is injected at 0° with respect to the line current.

Table 5: Variation of power with variation in the angle of injected voltage

Angle of  Source Effective  Real Real
Slno V2 (deg) cwrent (A) current (A) power (MW)  powaMVAR)
1 0 220 286 0.245 1.15
2 50 255 320 0.310 1.47
3 90 266 332 0.330 1.56
4 120 262 327 0.318 1.51
5 150 250 310 0.285 1.36
6 180 224 286 0.245 1.16
7 240 174 238 0.168 0.80
8 270 164 230 0.159 0.75
9 300 171 238 0.175 0.80
10 360 218 285 0.246 1.15

Table 6: Variation of power factor with variation in the angle of injected

voltage

Voltage V2 Voltage V2 Voltage V2
injected at 0° injected at 50° injected at 90°

Power Power Power
12 (A factor 12 (A factor 12(A) factor
66.67 0.200 660.67 0.28 66.67 0.587
150 0.402 280 0.406 280 0.669
280 0.743 290 0.587 290 0.743
290 0.95 310 0.866 310 0.95

=V (Sd: 3,0)

Fig. 6: Load voltage
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Fig. 7: Simulation circuit of UPFC
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Fig. 8: Effective current, real and reactive powers

CONCLUSION

This research describes the control strategy for Real
and Reactive powers of the transmission line using
FC-TCR and UPFC and the voltage regulation using
TCVR. The FC-TCR Compensator has the ability to
change its reactive power by controlling the current flow
through the reactor for various firing angles. The TCVR 1s
a modern voltage regulator that regulates the voltage,
replaces the traditional mechanical on-load tap changer.
The alternative approach to the conventional on load tap
changing 1s the Static Tap Changer System, involves
boosting transformer and phase angle controlled thyristor
switching. The UPFC controls the transmission line
real/reactive power flow and the power factor can be
mmproved by controlling the respective parameters used
in the circut. The circuit models of FC-TCR, TCVR and
UPFC systems are developed and the simulation results
coincide with theoretical results.
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