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Abstract: The Reactive Power Compensation (RPC) plays a vital role in decreasing the power loss of
transmission lines and reducing the voltage deviation. The system load keeps on changing continuously and so
results into system parameters changes. Tap changing transformers, capacitor banks and synchronous
condensers were conventionally used for the compensation. Flexible AC Transmission System (FACTS) devices
are found to be more efficient in this regard. In this paper modeling of Thyristor Controlled Series Capacitor
(TCSC) as one of the FACTS devices is considered for solving the RPC problem.
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l. INTRODUCTION
The Reactive Power Compensation (RPC) is very important for keeping the voltage profile constant at all the
buses in power system for secure and economic operation of power systems. The reactive power generation by
itself has no cost but however it affects the total generation cost by decreasing the transmission loss. By the
reactive power compensation the transmission loss will be minimized because RPC mainly deals with power
factor improvement. So, its consequence is to lower the production cost by satisfying the constraints.
Environmental, cost problem are major hurdles for power transmission network expansion. Pattern of generation
that results in heavy flows tends to incur greater losses and reducing the stability and security of the power
system[1,2].
The increasing Industrialization, urbanization of life style has lead to increasing dependency on the electrical
energy, resulted into rapid growth of power systems which resulted into few uncertainties. Power disruptions
and individual power outages are one of the major problems and affect the economy of any country. In contrast
to the rapid changes in technologies and the power required by these technologies, transmission systems are
being pushed to operate closer to their stability limits and at the same time reaching their thermal limits due to
the fact that the delivery of power have been increasing. [4,9]The major problems faced by power industries in
establishing the match between supply and demand is:
1. Transmission & Distribution; supply the electric demand without exceeding the thermal limit.
2. In large power system, stability problems causing power disruptions and black-outs leading to huge losses.
These constraints affect the quality of power delivered. [2,3] However, these constraints can be suppressed by
enhancing the power system control. One of the best methods for reducing these constraints is FACTS devices.
Recently with the advent in power electronics technology , many FACTS devices have been evolved Hence
there is an interest in better utilization of available capacity by installing Flexible AC Transmission System
(FACTS) devices such as Thyristor Controlled Series Capacitor (TCSC), Thyristor Controlled Phase Angel
Regulator (TCPAR) , Unified Power Flow Controller (UPFC), Static Synchronous Compensator(STATCOM)
and SVC help in controlling the flow in heavily loaded lines and enhance system power flow efficiency.
These new devices are more efficient in controlling present transmission and distribution systems of electricity .
In this study, Power flow mathematical modeling of TCPAR and UPFC is done for reactive power
compensation using MATLAB /SIMULINK environment .

1. MATHEMATICAL MODELLING OF VARIOUS FACTS DEVICES

An easy way to comply with the paper formatting requirements is to use this document as a template and
simply type your text into it. The power injection model is a desirable one for the RPC analysis in this study as it
is capable of handling the FACTS devices while performing the computations of power flows. The bus
admittance matrix of Y_BUS matrix and the bus impedance matrix ,Z BUS matrix of the power system is
unaffected by using this model. In fact, the power injection model is the most convenient and appropriate for
power systems with FACTS devices [7]. For a transmission line connected between bus i and bus j, the voltages
and angles at bus i and j are V. &; and V;, &;respectively. Therefore, complex power flow from bus i to bus j and
vice versa are defined by the following equations:

P; =V7G,; — V,V;[G; cosd;; + By; sin§]
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Qi_;l' = _Viz [Bz’_;l' + Esh:] - L'riT’{J'[GE_J'Sin '5:'_;1' - Bi_;l' cos 5:’}']
where

§;=06,—6

Similarly the active and reactive power from bus j to bus i is given by
P, =V G — Iﬁ-l{,-[G}-i COS 5}-2- + Bj; sin 5}-2-]

Q_;." = —IG-‘ [:B:'_;l' + Bshj - V:-IG-[G}-E sin 5_;!':' - B_;l':' CDS&}':’] (2)
2.1 Thyristor Controlled Phase Angle Regulator (TCPAR)

The voltage angles between the buses i and j could be regulated by TCPAR. The block diagram model of
TCPAR with transmission line is shown in Fig 1.
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Fig.1 . TCPAR model
[1]The injected real and reactive power injected in buses i and j are :

)

P:’(cpm} = —Vi:j':(;i}. - VET’GS[GE}' sin 6‘:'_;!' + Bz'_;l' cos 5:'_;!']
Pitcomy = —V:V;5[G;;sin§;; + B,; cosd;] 3)
Qitcom) = —VE-ESEB‘E-}- + VV;5[G;;cosd;; + B;; sin 6]
Q_;f(com} = —L‘Z—LG-S[GE-}- cos 5:'_;!' - Bz’_;l' sin 5:’_;!'] 4)

where

5 = tangrepar
2.2 Unified Power Flow Controller (UPFC)

UPFC can be considered as a combination of series connected voltage source for series compensation
and shunt connected voltage source for shunt compensation. The inserted voltage has a maximum magnitude of
V=0.1V,, Where V,, is the rated voltage of the line, where the UPFC is connected. A series inserted voltage
and phase angle of series inserted voltage source which affects UPFC performance when inserted in the
network can be modeled as follows.. The block diagram model of UPFC with transmission line is shown in Fig
2.
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Fig.2 UPFC model
The real and reactive power injected at buses i and j are:

Pircomy = _Vr:Ez'_;l'_I_Vz’ L{J’[_EGEJ cos(Pyprc — 5:‘;‘) + Gy cos(Pyprc) +B;; cos(Pyprc )]

—_

itcom) = L'ril’;'[sij"giﬂ(‘?buprc - 5:‘;‘) + By; sin(@yprc — 5:‘;‘]] (5)

Pitcomy = ViVe[Gi;c08(dypre) — By; sin dyppc)]

Qjtcom) = —ViVe [G;sin(@yppc) + By;cos dyprc)] (6)
1. SIMULATION RESULTS AND DISCUSSION

The analysis is done on single phase basis. The simple power system comprise of a single phase
voltage source, transmission line and an impedance load . Transmission line model of distributed parameter
type is connected supplied by a 11 kV voltage source of internal impedance 5.5 +j0.05 Q. The transmission line
is a short line of length 50km having resistance of 0.1Q2/km and inductance of 0.46H/km . The load impedance
is 14j0.02 Q. This power system performance is verified with and without any FACTS devices by simulation for
the RPC using MATLAB /SIMULINK software. The real and the reactive power flow are obtained from the
simulation with and without compensation. Simulation is done for 10sec using ode23tb solver.
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The simulink model for the uncompensated system is shown in Fig. 3. The simulation results of system for real
and reactive power flow for uncompensated lines depicts that the real power flow though the line is 0.9417MW
and the reactive power is 0.462MW. The result are shown in Fig. 4
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Fig. 3 Simulink model for uncompensated transmission line
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Fig. 4 Real and Reactive power flow without compensation

The power supplied to the load when FCTCR is considered as a compensation device can be regulated using
two factors

1. The magnitude of shunt capacitance C

2. The delay angle of the thyristor controlled reactor.

The firing angle of the FCTCR is varied keeping the value of capacitance constant and vice versa. The effect of
varying the parameters of FCTCR on the real and reactive power flow through the line for the insertion of
FCTCR can be observed from the results tabulated in Table 1.

The waveform for the real and reactive power supplied to the load is as shown in Fig. 5.

Table 1 Simulation results of real and reactive power flows for insertion of FCTCR by varying its
different parameters

S.No. FCTCR with 0=60° and C variable FCTCR with C = 250uF and o variable
Capacitance P Q Firing P Q
(UF) (MW) (MVAR) angle (o) (MW) (MVAR)
1 250 1.403 0.7999 30 1.161 0.6072
2 350 1.488 0.9249 40 1.138 0.5933
3 450 1.464 0.9833 50 1.132 0.5916
4 550 1.335 0.9402 60 1.209 0.6278

www.ijeijournal.com Page | 17



Paper Preparation Guidelines for IJEI

Insert Tools Desktop ‘Window Help -
D& Lhaams | | 08 0O

% 10%L and GL with FCTCR with firing angle=390 degree and C=250e-5

001 002 003 004 0
in

Fig. 5 Real and Reactive power flow with FCTCR

Similarly ,the power flow through line using UPFC can be regulated by two factors

1. Series Injected voltage

2. Shunt current source

By controlling the magnitudes of the series injected voltage source and that current magnitude of the shunt
current source, the power flow through the line can be regulated .Here for the analysis one parameter is varied at
a time keeping the other constant. Therefore when the magnitude of the voltage source is varied, current source
magnitude is kept constant and vice versa.

The waveform for the real and reactive power supplied to the load is as shown in Fig. 5.

Table 2 indicate the results of using UPFC. Here the value of the shunt current source magnitude, resistance of
the shunt current source, magnitude of series voltage source , its phase angle are the parameters based on which
the power flow can be regulated . Here for analysis, the simulations are carried out for variation in one of the
parameter at a time keeping other constant . The results are depicted in the Table 2 indicate the variation in the
real and reactive power for different values of shunt current source and series voltage source of UPFC
respectively and the waveforms of the complex power supplied to the load have been found and are as shown in
Fig. 6.
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Fig. 5 Real and Reactive power flow with UPFC

Table 2 Simulation results of real and reactive power flows for insertion of UPFC by varying different

parameters

S.No. | R~,=500Q, 15,=3002£0° , R»=500Q ,

Ish= 100A V Veer=0 V Veer=0V

and varying ¢ser of and varying R, and varying I,

Veer =1100V

phase angle | P Q R P Q Shunt P Q

of Vser (MW) (MVAR) inShQ (MW) | (MVAR) | current (MW) | (MVAR)

in degree source in A
1 0 1.144 0.5717 20 0.9452 | 0.4752 50 0.9424 | 0.4711
2 90 0.9818 | 0.4779 50 0.9492 | 0.4758 100 0.9442 | 0.4719
3 120 0.963 0.4826 100 | 0.9489 | 0.476 200 0.9469 | 0.4736
4 180 0.8203 | 0.3995 200 | 0.9487 | 0.468 300 0.9511 | 0.4741
5 210 0.794 0.3842 500 | 0.9485 | 0.452 500 0.9588 | 0.4801

V. CONCLUSION

www.ijeijournal.com Page | 18



Paper Preparation Guidelines for 1JEI

The simulation is performed on the uncompensated line and the real and the reactive power flow through the
transmission line are measured. It can be concluded from the results that , the Real and reactive power flow
through the transmission line changes with the insertion of FACTS controllers in the line .Various parameters of
these FACTS devices are varied and the results are tabulated. From the simulation results obtained using
SIMULINK ,it is observed that real and reactive power supplied to the load is improved by using FCTCR and
UPFC as compared to the line without any compensation device. This satisfies the purpose of ORPD which is
nothing but to decrease the power loss through transmission and improving the power flow through the line.
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