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Abstract: In modern days due to the ever increasing demand for power in expansion of transmission network,
the transmission line are to be operated under loaded condition and there is a risk of power flow control and
voltage instability. This paper proposes power flow control in a power system network by incorporating TCSC
and SVC devices. The TCSC is a series compensated device to reduce the transmission line reactance in order
to improve power flow through it, while the SVC is a shunt compensated device and they improve the voltage
profile. This paper presents a systematic procedure for modeling and simulation using MATLAB/SIMULINK
(Simpower System blockset). The optimal location of TCSC and SVC device are considered for power flow
control and voltage stability limit. The proposed approach is carried out on two-area four-machine 11-bus test
system model and the simulated result are presented to validate the proposed test case system. In this paper
performance of TCSC and SVC device is analyzed and compare its simulated result for better power flow
control in power system.

Keywords: FACTS devices (TCSC, SVC), Two-area 11 bus test system model, MATLAB/SIMULINK, Modelling
of SVC and TCSC.

I. INTRODUCTION

Today’s modern interconnected power system is highly complex in nature. One of the most important
requirements during the operation of the electric power system is the reliability and stability. Maintaining
stability of such an interconnected multi area power system has become a cumbersome task. As a counter
measure against these problems, Flexible AC Transmission System (FACTS) devices were proposed [1].
The technology such as flexible ac transmission system (FACTS), can help to find the solution. Facts
devices provide voltage support at critical buses in the system (shunt connected controllers) and
regulate power flow in critical lines (with series connected controllers) [2]. The need for these power flow
controllers capable of increasing transmission capability and controlling power flows is increasing.[3]

II. TcSC (THYRISTOR CONTROLLED SERIES CAPACITOR)

Series Capacitors are installed in series with a transmission line, which means that all the equipment
has to be installed on a fully insulated platform. Significant device from the group FACTS is a TCSC,
which finds application in solving many  problems in the power system. Its properties can increase the
power lines transmission capacity and power flow control [4]. TCSC is a FACT device available for
application in AC line of voltage up to SOOKV. In Figure 1 Shown equivalent circuit of the TCSC model as a
capacitance in parallel with a variable inductor. The impedance of TCSC (Zrcsc) is given by [5].

Zrcse= (-jXe) (jXrer ) /j (Xrer - XC) ()
ZTCSC = (—_]XC) / (1 —Xc / XTCR) (2)
The current through the TCR (Ircsc) is given by

ITCSC = (—_]XC) IL /_] (XTCR - Xc ) (3)

Itcsc=IL/ (1 — Xqcr/ Xe) 4)

Since the losses are neglected, the impedance of TCSC is purely reactive [5]. The capacitive reactance of TCSC
is obtained from figure 2.

XTCSC =Xc/ (1 —-Xc/ XTCR) (5)
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Fig. 1.TCSC and Equivalent circuit of TCSC [5].
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Fig. 2. Capacitive operation and Inductive operation [5].

A TCSC is a series controlled capacitive reactance that can provide continuous control of power on the
ac line over a wide range. From the system viewpoint, the principle of variable series compensation is simply to
increase the fundamental frequency voltage across a fixed capacitor (FC) in a series compensated line through
appropriate variation of the firing angle (o)) [6].This enhanced voltage changes the effective value of the series-
capacitive reactance [7]. The TCSC can operate in capacitive or inductive mode, although the latter is rarely
used in practice. Since the resonance for this TCSC is around 58° firing angle (). The resonance for the overall
system (when the line impedance is included) is around 67°. The impedance is lowest at 90° and therefore power
transfer increases as the firing angle is reduced. In capacitive mode the range for impedance values is
approximately 120Q -136Q [8].

(1) o for Inductive mode: 0°-49°
(2) a for Resonance Region: 49°-69°
(3) a for Capacitive mode: 69°-90°
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Fig. 3. Operating characteristics of TCSC [9][12]

III. SVC (STATIC VAR COMPENSATOR)

SVC can be defined as a shunt connected static var generator or absorber whose output is adjusted to
exchange capacitive or inductive current so as to maintain or control specific parameters of the electrical
power system (typically bus voltage). SVCs are primarily used in power systems for voltage control or for
improving system stability. This is a general term for a thyristor-controlled or thyristor-switched reactor and/or
thyristor-switched capacitor or combination use for absorbing reactive power and for supplying the reactive
power [10]. The SVC uses conventional thyristors to achieve fast control of shunt-connected capacitors and
reactors. The configuration of the SVC is shown in Figure, which basically consists of a fixed capacitor (C) and
a thyristor controlled reactor (L). The firing angle control of the thyristor banks determines the equivalent shunt
admittance presented to the power system [11].
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Fig. 4. Different connections of SVC are connected to transmission line [11],[8].

IV. SVC (STATIC VAR COMPENSATOR)
The SVC can be operated in two different modes [8]:
1. In voltage regulation mode (the voltage is regulated within limits as explained below)
2. In var control mode (the SVC susceptance is kept constant)
When the SVC is operated in voltage regulation mode, it implements the following V-I characteristic.
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Fig. 5. SVC V-I characteristic [8]

As long as the SVC susceptance B stays within the maximum and minimum susceptance values imposed
by the total reactive power of capacitor banks (Bcmax) and reactor banks (Blmax), the voltage is regulated at the
reference voltage Vref. However, a voltage droop is normally used (usually between 1% and 4% at maximum
reactive power output), and the V-I characteristic has the slope indicated in the figure 5. The V-I characteristic is
described by the following three equations [8]:

1. If SVC is in regulation mode ( -Bcmax < B < Blmax )

V = Vref + 1.Xs (6)

2. If SVC is Fully Capacitive ( B=Bcmax )
I

V= )

Bcmax

3. IfSVCis Fully Inductive ( B = Blmax )
I

V= 8)

Blmax

Where,

V = Positive sequence voltage (pu),

I = Reactive current (pu/Pbase) (I > 0 indicates an inductive current),

Xs = Slope or droop reactance (pu/Pbase),

Bcemax = Maximum capacitive susceptance (pu/Pbase) with all TSCs in service, no TSR or TCR,

Blmax = Maximum inductive susceptance (pu/Pbase) with all TSRs in service or TCRs at full conduction, no
TSC.

V. TWO-AREA TEST SYSTEM MODEL WITH SVC FACT DEVICE
A multi machine power system with 11 bus two areas test system, Area-1 and Area-2 system is used to
access the effectiveness of SVC model developed. Figure 6 show the proposed single line diagram of 11 bus
power system with installed SVC shunt Fact device has been considered.
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Arva 1 Area2
Fig. 6. Two-area Four-machine 11-bus power system with shunt FACT device SVC.

VI. TEST SYSTEM SIMULATION MODEL OF SVC USING MATLAB/SIMULINK

All the relevant parameters are given in Appendix. The source voltages of 13.8 kV are connected by a
290km transmission line through three-phase step-up transformers. The system consists of two output voltage of
transformer is S00KV equivalents, respectively 1000MVA and 4200MVA in each area, connected by a 290km
transmission line. The loads in each area having 30KW are so chosen that the real power flow on the
transmission line from area 1 to 2. The SVC used for this model is a phasor model is shown in figure 7. The load
centre of approximately 60KW is modelled where the active & reactive power absorbed by the load is a function
of the system voltage.
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Fig. 7. Simulink model of 11 bus power system with installed SVC at bus 9. (For Voltage regulation mode)

VII. SIMULATION RESULTS OF SvC
The SVC control block represent the SVC susceptance, voltage actual and measure value and also
shown the measure value of SVC reactive power. The actual quantities trace represent by Magenta colour and
measure represent by yellow trace is shown in figure 8. In this paper the SVC is operated in voltage regulation
mode only and obtained all the data in this mode is shown in following figures.
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Fig. 8. Control Parameter blocks of SVC FACT device
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Fig. 9. Variation of SVC measﬁre and Actual value of B, V and Qm

The SVC shunt FACT device installed in 11 bus system to find out the active and reactive power flow in all the
buses, the power at bus B1,B2, B3, B4, B5, B6, B7, B8, B9, B10 and at B11 is calculated, the variations in total
active reactive power will be shown in figure 10, figure 11, figure 12 and figure 13.
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Fig. 10. Block represent Active power (P) of all buses and the sum of total power at buses (with SVC Connected

at Bus 9)
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Fig. 11. Active power (P) of all buses and sum of total active power at the buses (with SVC Connections)
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Fig. 12. Block represent Reactive power (Q) of all buses and the sum of total power at buses (with SVC
Connected at Bus 9).

Q_{MVAR) Of Bus B1_B2 B3 B4 B5 _B6_B7 B8 B9 B10_B11

300| O SO |
200( .

Total Power Q_(MVAR) of All Buses

01 02 03 04 05 06 07 O
Fig. 13. Reactive power (Q) of all buses and sum of total reactive power at the buses (with SVC Connected at
Bus 9).
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Fig. 14. Block representation of voltage control by SVC Shunt device at different buses and sum of total bus
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Fig. 15. Graphically represent the bus voltage control by SVC device at different buses and sum of total voltage.
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Fig. 16. Block representation of Current by SVC Device at different buses and sum of total bus Current.
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Fig. 17. Graphically represent the bus current by SVC device at different buses and sum of total bus current

VIII. TWO-AREA TEST SYSTEM WITH TCSC FACT DEVICE
A multi machine power system with 11 bus two area test system, Area-1 and Area-2 system is used to
access the effectiveness of TCSC model developed. Figure 18 show the proposed single line diagram of 11 bus
power system with installed TCSC Fact device has been considered. The Series TCSC Fact device is connected
between bus 9 and bus 10. The G1, G2, G3, G4 represent the generators and T1, T2, T3, T4 represent the
transformers. The power flow in the 290 km transmission systems is split-up in to two segments having a length
of 110km, 25km and 10 km respectively in both areas.

Vv
Area 1 Area 2
Fig. 18. Two-area Four-machine 11-bus power system with series FACT device TCSC.

IX. TEST SYSTEM SIMULATION MODEL OF TCSC USING MATLAB/SIMULINK
All the relevant parameters are given in Appendix. The source voltages of 13.8kV are connected by a
290km transmission line through three-phase step-up transformers. The system consists of two output voltage of
transformer is 500KV equivalents, respectively 1000MVA and 4200MVA in each area, connected by a 290km
transmission line. The loads in each area having 30KW are so chosen that the real power flow on the
transmission line from area 1 to 2. The TCSC used for this model is a phasor model. The load centre of
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approximately 60KW is modelled where the active & reactive power absorbed by the load is a function of the

system voltage.
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Fig. 19. Simulink model of 11 bus power system with installed TCSC at bus 9. (For capacitive mode only)

shown in figure 22.

X. SIMULATION RESULTS OF TCSC

The TCSC parameter blocks and curve with respect to time is show the TCSC voltage, TCSC current ,
Active, Reactive power, TCSC impedance and firing angle is illustrate in figure 22. For the first 0.5s, the TCSC
is bypassed, at 0.5s TCSC begins to regulate the impedance to 128Q and this increases power transfer, the
TCSC starts with alpha at 90 to enable lowest switching disturbance on the line. In this paper the TCSC operate
in capacitive mode only and regulate the firing angle 90° initially from 0 to 0.5 sec after that decrease up to
75.6" from 0.56sec to 2.5sec. The capacitive mode start at 2.5 to Ssec and the firing angle is constant and
maintain 86.31° at this value the impedance of TCSC is measure 120.5Q along the reference value 120.8° is
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Fig. 20. TCSC parameter blocks.
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Fig. 22. TCSC injected Active, Reactive Power and TCSC regulates the impedance with respect to firing angle.

The TCSC fact device installed in 11 bus system to find out the active power flow in all the buses, the
power at bus B1,B2, B3, B4, B5, B6, B7, BS, B9, B10, B11, Btcsc is calculated and total power will be
improved by TCSC is 1730 MW is shown in figure 23 and figure 24.
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Fig. 23. Block represent Active power (P) of all buses and the sum of total power at buses.
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Fig. 24. Active power (P) of all buses and sum of total active power at the buses.

The Reactive power flow control by TCSC at buses, the total power will be improved by TCSC is 522IMVA
shown in figure 25 and figure 26. (Block reprentation and graphical output)
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QPower OF ALL BUSES

Fig. 25. Block represent Reactive power (Q) of all buses and the sum of total reactive power at all buses.
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Fig. 26. Reactive power (Q) of all buses and sum of total reactive power at the buses.
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Fig. 27. Block representation of voltage control by TCSC Series FACT device at different buses and sum of
total voltage.
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Fig. 28. Graphically represent the bus voltage control by TCSC device at different buses and sum of total
voltage.
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Fig. 29. Block representation of Currents at different buses and sum of total Current.
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Fig. 30. Graphically represent the bus current at different buses and sum of all bus current.

XI. SUMMARY OF SIMULATED RESULTS

The performance of the proposed model are compared and analyzed, by analyzing TCSC can better
improved the power flow in transmission line that is active and reactive power 1730.13MW, 5221MVA as
compared to SVC -33.77MW, 535.68MVA also the TCSC increased the transmission line voltage 8.23kv as
compared to SVC device. All the TCSC data obtained for capacitive operation mode only, and SVC data obtain
for voltage regulation mode only. According to the result it was observed that in SVC and TCSC controller, the
TCSC are more effective in power flow control and voltage control in power system network. The bus data of
SVC and TCSC FACT device for Active, Reactive power, Voltage and current at buses is shown in table 1.

Table 1 Comparison between TCSC and SVC for P, Q, V and I at all the buses.

svC TCSC SVC TCSC SVC TCSC SVC TCSC
| BUSES | P (MW) P(MwW) | Q(MVAR) | Q(MVAR) V(KV) v (KV) 1(KA) 1(KA)
B.1 -2.417 -80.37 59.45 -104.2 0.02872 0.02508 20.72 52.46
B2 -8.313 -248.8 185.6 -328.7 0.02876 0.02494 64.6 165.3
B3 -3.333 71.53 46.05 286.4 0.02847 0.03253 16.22 90.73
B4 -10.9 220.4 143.4 907 0.0285 0.03277 50.45 284.9
BS -0.644 78.03 -62.89 99.58 1.047 0.8957 0.6005 1.413
B_6 -1.571 319.6 -229.7 434.2 1.049 0.8898 2.19 6.059
B_7 -1.814 317.9 -218.7 436.7 1.052 0.8803 2.078 6.135
B8 | -0.2214 38.15 10.08 72.11 1.057 0.8728 | 0.09533 | 0.9346
B9 -2.039 314.3 379.3 712.2 1.041 0.8075 3.644 9.641
B_10 -2.192 309.5 173.8 1204 1.038 1.273 1.674 9.762
B_11 | -0.3326 75.69 49.29 297.6 1.037 1.207 0.4754 2.545
Bresc N.C 314.2 N.C 1204 N.C 1.291 N.C 9.641
rotaL| -33.777 | 173013 | 53568 | 5220.89 | 7.43545 | 8.23242 | 162.747 | 639521
TCSC - Data SVC - Data
Ptcsc 314.2 Bactual -3.502
Qtcsc 712.2 Bm -2
Zm 120.5 Vactual 1.041
Zref 120.8 vm 1.041
Alpha 86.31 am 1.083
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XII. APPENDIX

S.No Name Parameter
1 V(KV) = 13.8e3, f (Hz) = 60, MVA = 1400e6, X/R = 8.
3-g Source V (KV) = 13.8€3, f (Hz) = 60, MVA = 4200e6, X/R = 8

Pn (MVA) = 14006,  (Hz) = 60, V1 Ph-Ph (Vrms) (KV) = 13.8e3
R1i(pu) = 0.002, L1(pu) = 0.08, V2 Ph-Ph (Vrms) (KV) = 500e3,
R2(pu) = = 0.002, L2(pu) = 0.08, Rm (pu) = 500, Lm (pu) = 500.
Pn (MVA) = 4200e6, f (Hz) = 60, V1 Ph-Ph (Vrms) (KV) = 13.8e3
R1(pu) = 0.002, L1(pu) = 0.08, V2 Ph-Ph (Vrms) (KV) = 500e3,
R2(pu) = = 0.002, L2(pu) = 0.08, Rm (pu) = 500, Lm (pu) = 500
Km=10& 25, f(Hz) =60, R1 =0.1153, RO = 0.3963, L1 = 1.048e-3,
L0 = 2.730e-3, C1 = 11.33e-9, C0 = 5.338e-9
Distributed Km =110, f (Hz) = 60, R1 = 0.01273, RO = 0.3864, L1 = 0.9337e-3,
Parameter Line L0 =4.1264e-3, C1=12.74e-9, CO=7.751e-9.
Km = 220, f (Hz) = 60, R1 = 0.01165, R0 = 0.2676, L1 = 0.8679-3,
L0 =3.008e-3, C1 = 13.41e-9, CO = 78.57e-9
4 | 3-pLoad (RLoad) |Vn (Vrms)(KV) =500e3, f (Hz) = 60, P (KW) = 30e3
5 |3-¢(CBank) Vn (Vrms) (KV) = 500e3, f (Hz) = 60, Qc = 400e3.

Vrms L-L (Kv) = 500e3, f (Hz) = 60, Snom (MVA) = 100e6,
6 [SSSC(PowerData) | o0 _ 016730, Lipu) = 0.16, V(K] = zfnea, C (4F) = 375-6
TCSC (Control

System)

2 | 3-g Transformer

f (Hz) = 60, Operating mode = C

f (Hz) = 60, Ctesc (uF ) = 21.977e-6, Xtcsc (H) = 0.043,

firing delay = 4e-3,

9 | Timer Time (S)=[0, 2, 6], Amplitude = [1.0, 0.85,0.85]*128
Vrms L-L (Kv) = 500e3, f (Hz) = 60, MVA = 200e6, Qc = 200e6,
QI =-200e6, Td (s) = 4e-3

Vref (pu) = 1, Droop (pu/Pbase) = 0.03,

Vac Gains [Kp(puB/puV) = 3, Ki (puB/puV) =500 ].

8 | TCSC (Firing Unit)

11 | SVC(Power Data)

SVC (Control
12 | Parameter)

XIII. CONCLUSION

This paper has compared between the TCSC and SVC FACT device is presented and discussed. A Series
capacitive compensation is thus used to reduce the series reactive impedance to minimize receiving end voltage
variation and the possibility of voltage collapse and it can improve power flow capability of the line. In
this paper, optimal placement and sizing of TCSC device has been proposed for improving and controlling the
power flows in the network can help to increase the power flows in heavily loaded lines. A simulation result of
MATLAB/SIMULINK model of a two-area four-machine 11-bus power system with a TCSC controller shows
the effectiveness of TCSC in controlling active and reactive power through the transmission line. Hence, it is
concluded that the results were obtained with TCSC and SVC device from the simulation, a proposed model of
TCSC device is suitable for active, reactive power flow control and control the transmission line voltage is
better as compared to SVC device.
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